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ABSTRACT

Position-based routing protocols have become mopailpr in Mobile Ad hoc network (MANET) due to
their advantages in using geographical positioorimtion of the nodes to route the data packehéo t
destination node. Each node periodically sends thebgraphical position information to its neighdor
using beacon packets. Data packet routing in postiased routing protocol uses neighbors’ position
information, which is stored in the node’s neighbéist and the destination node’s position infoliorat
stored in the routing data packet header fieldbtde the data packet from source to destinatiorstMbthe
current work in position-based routing protocolsuases that position information in the node’s nbak

list for its neighbors is accurate, while in reglibnly a rough estimate of this position inforroatiis
available for the nodes. This paper provides aimlggidy to realize the effect of position inforiat
inaccuracy caused by different mobility parameters Greedy Perimeter Stateless Routing (GPSR)
position-based routing protocol. In general, inaacy occurs when inexact position information iedis
However, the results from the analysis work shohat the node beacon packet interval-time and node
speed mobility parameters have a high impact ortippnsinformation inaccuracy and have an intense
effect in degrading the performance of GPSR prdtdoaterms of average end-to-end delay, non-ogdtima
route, false local maximum, and routing loop.

Keywords. Mobile Adhoc network (MANET), Greedy Perimeter @ésis Routing (GPSR), beacon packet
interval-time, node speed.

1. INTRODUCTION the node’s neighbors list are crucial and
fundamental in determining the performance of
Position-based routing protocols [1] route datgosition-based routing protocols. Current position-
packet from the source node to geographicdlased routing protocols assume implicitly or
direction forming the route toward the destinatiorexplicitly the availability of accurate neighbors’
node. In order to use a position-based routingosition information in the nodes’ neighbors list
approach, each node making the network must wéhen they make data packet routing decision.
able to determine its own geographical position
information (x, y Coordinate) using Global Position
System (GPS) device [2]. In addition, the nod
needs to know the position of all neighbors withi
its transmission range using beacon packets, whi
each node sends out periodically to test and veri
connectivity with its neighbors. In position-base
routing protocols, each node selects the next h
for data packet routing through neighboring nodeﬁo
determined from accessing its neighbors’ list. Th
correctness and accuracy of position information i

Due to node mobility and time-interval of
eriodic beacon packets that cause regular network
opology changes in MANET, neighbors’ topology
hanges frequently and rarely remain static.
rthermore, the position information in the nodes’
eighbors list is frequently inaccurate. In additio
osition information in the nodes’ neighbors list
es not reveal the real positions of the neiglmgpri
des such that the retransmission and rerouting ar
Eequired, which degrade the performance of
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position-based routing protocols. For example, ifepresented by beacon packet interval-time and
the beacon interval-time of periodic beacon packetsode speed on position information inaccuracy.
is small enough compared to the degree at whichAnd Section 5 concludes the paper and shows the
node changes its present position through speddjure work.

nodes position information in nodes’ neighbors list

will be more accurate on the one hand but the. GPSR PROTOCOL BACKGROUND
network resources like the battery life will be

highly exhausted on the other hand. Conversely, if Greedy Perimeter Stateless Routing (GPSR)
the beacon interval-time of periodic beacon packefsrotocol [3] is an efficient and scalable [4] rogi

is not too long, then the network resources likgrotocol in MANETSs. In GPSR protocol, a node
battery life consume less power but the nodegute the data packet using the locations of i&s-on
position information in the nodes’ neighbors |iSthop neighbors. When the node needs to send a data
will be inaccurate. packet to destination node, it transmits the data
Qacket to the neighbor who has the shortest distanc
to the destination node among all its neighbors
within its transmission range.

In this paper, we provide analysis study to realiz
the effect of position information inaccuracy calise
by different mobility parameters on GPSR position
based routing protocol. This paper examines the GPSR protocol uses two forwarding strategies to
following two main mobility parameters which areroute the data packet to the destination: greedy
the source of the position information inaccuraey iforwarding and perimeter forwarding. In greedy
the nodes’ neighbors list: forwarding, GPSR makes forwarding decisions

using information about the position of immediate

1. Node beacon packet interval-time: nodes serfdfighbors in the network topology. In Figurexl,
beacon packets periodically to update theflode wants to send a data packet destined to
position information into their neighbors’ destination nod®; x node sends a data packet to
neighbors list. It is impossible to avoid the timg'0deY since nody is listed inx's neighbors list as

gap between these position information update%“l)v"n |nhTabIﬁ L gnd the dlstgnce bemfyean(:]D
since the time interval between positiodS /€SS than that betwedh and any ofx's other

information updates is generally longer thariéighbors. This greedy forwar_ding process is
the time when the information is actua”yrepeated by nodgs k z andw until a data packet
looked up for routing decision in the nodeséaches the destination nade

neighbors list.

2. Node speed: Node's speed is one of the mc
effective parameters represents the degree
node mobility. The degree of node mobility is
the most obvious challenge in MANET routing
since the nodes can move in different spee
and the maximum node speed is a critice
factor in position information inaccuracy.

However, the analysis result introduced in thic . .
paper shows the long beacon packet interval-time Figure 1. Greedy forwarding
and high node speed have a severe effect in lgadin

to a higher percentage in the occurrence of positio Table 1. Node x neighbors list

information inaccuracy in the nodes’ neighbord lis

position information. In addition, it shows the Node-id Neighbor (x, y coordinates)
intense effect of these parameters in degrading the A A (X, Y)
performance of position-based routing protocols in B B (X, y)

terms of average end-to-end delay, non-optimal C C (X, V)

route, false local maximum, and routing loop F F(X,Y)
problems. Y y (X, y)

This paper is structured as the following: Section

2 explains the GPSR position-based routing Greedy forwarding strategy fails when the

protocol. Section 3 introduces the related work$outing node does not find a closer neighbor within
Section 4 introduces mobility parameters
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its range toward the destination node than it#elf. routing protocol in the presence of position
simple example of such a topology is shown ifnaccuracy in static Wireless Sensor Networks
Figure 2. Here, node is closer to destination node (WSNs), WSNs is MANETSs with static nodes. The
D than its neighboring nodes andy. Although authors showed that location errors in nodes’
two pathsx-y-z-D andx-w-v-D exist to nodeD, x  neighbors list could lead to incorrect behavior and
will not choose to forward the data packet to nodeoticeable degradation in protocol's data packet
w or y using greedy forwarding. The protocoldelivery rate. In [6], Son et. al. also investightke
declares node as the local maximum to nod2 effects of location errors in the WSNs, and their
and the shaded region without nodes as void regioresearch concluded that the node mobility effects
In this case, GPSR protocol shifts from greedwre significant in WSNs data packet-delivery
forwarding strategy to the perimeter forwardingoerformance.

strategy to forward the data packet around the void
region. In perimeter forwarding, the protocol
constructs a planarized grdptor the nodes’
neighbors and routes the data packet around v
region by forwards the data packet to lgpwhich
sequentially counterclockwise around, using
right-hand rule.

In [7], Shah et. al. provided analysis and
simulation study to understand the effect of GPS
c)Il%calization system error on GPSR protocol. The
authors found degradation in GPSR protocol
performance from data packet delivery ratio and
nodes’ power consumption perspective. Kwon and
Shroff in [8] had investigated the location errors
greedy forwarding strategy. They found the
° different between real (accurate) and false
(inaccurate) node position information in the nodes
neighbors list significantly degrade the succesa da
packet-delivery rate. Peng et. al. in [9] founded t
impacts of location errors yielded to data packet
transmission failure and sub-optimal relay of the
data packet to neighboring node. These impacts
result on lost data packets and increased nodes’
energy consumption. In [10], Yongjin et. al.

) . observed the location errors degrades the
Egrr\','\g‘?g?;g . \Greedy performances of perimeter forwarding strategy in

Forwarding ° terms of data packet drop, optimal route and rautin
loop rate, especially in high network density.

On this paper, we extended the other works by
doing analysis study on the effect of position

L __information inaccuracy in the nodes’ neighbors list
Network connectivity in GPSR protocol |s\,¥1

X ; e identified the network performance metrics
determined by a simple beacon packet sub-protocgecteq by position information inaccuracy in

that provides all nodes with their neighborSGpgr routing functionality such as: end-to-end
position information. Periodically, every nodeygay non-optimal route, false local maximum and
sends a beacon packet containing its uniqyging loop. We also study and identify the node

in_di\_/idual identifier and its geographical positionspeed and node beacon packet interval-time as two
within the network  topology. When any nodeyain mobility parameters in making position
receives a beacon packet from its neighbors, it rmation inaccuracy in a dynamic MANET
creates or refreshes its neighbors list and USEShology.

beacon packet information for routing process

when the node has a data packet to particular

Figure 2. Perimeter forwarding

destination node. 4, MOBILITY PARAMETERSEFFECT
ON POSITION INFORMATION
3. RELATED WORKS INACCURACY

In [5], a preliminary work done by Seada et. al. Tsumochi et. al. classified various mobility
to provide analyses study of face position-basgshrameters that can affect the performance of
routing protocols on MANET [11]. Among these
Planar graph is a graph that can be drawn in theepWith parameters are Fhe be’.;tcon paCk.et interval-time and
no crossing edges. node speed. This section investigates the effect of

116



PUBLICATION OF Zittle Lion Scientific B/ XD, |slamabad PAKISTAN
Journal of Theoretical and Applied I nfor mation Technology

30" June 2011. Vol. 28 No.2 B
© 2005 - 2011 JATIT & LLS. All rights reserved SATIT
ISSN: 1992-8645 www.jatit.org E-1SS1817-3195

these mobility parameters in introducing a position
information inaccuracy in the GPSR position-based

routing protocol. 4.2 The Effect of Node Speed (NS)
4.1 Effect of Beacon Packet I nterval-Time
(BPIT) The change on the Node Speed (NS) means a

change in the level of node mobility [13-14]. This
One of the variables that control thein turn affects the inaccuracy in node position
determination of nodes connectivity in positioninformation. Every node can move at a dissimilar
based routing protocols is a node Beacon Paclkgteed and the node speed is one of the parameter
Interval-Time (BPIT) [12-13]. BPIT specifies the deciding the level of position information accuracy
maximum time interval between the transmissions Figure 4 shows the effect of NS on position

of beacon packets among the nodes. Each node. in T i
position-based routing  protocols peric)dicallymforma'uon inaccuracy in GPSR protocol. The node

broadcasts beacon packets to its neighbors $Jecognizes its neighbor noden its neighbors list

provide them with its presents (ID) and its (x, y)a? position n; from beacon packet information

geographical coordinate position information‘fjlrr'v(:"d at timey. If noden, moves using Nrather

L - > >
Receiving nodes, within the beacon packet sendthran NS where N3 >NS, andt, b, 1S expected
2 at noden; to travel longer distance and the
transmission range, creates or refreshes their .. . .
: . ) . position information accuracy for node in nodes
neighbors list and use beacon packets’ information . . .
neighbors list to be less accurate. From this, ave c

for !ater routing processing. Position mfo_rmatlonﬁnd that as NS increases, the position information
carried by these beacon packets becomes inaccurate

as the BPIT increases. In addition, the positiof’illccuracy for the neighboring nodes in the node
information that nodes associate to its neighbor i
its neighbors list become less accurate betwet

beacon packets as those neighbors move.

Heighbors list decreases.

Figure 3 depicts the effect of BPIT on position
information inaccuracy in GPSR protocol. Here
node s recognizes its neighboring node in its
neighbors list at positiom;” from beacon packet
information arrived at timé,. If noden; broadcasts
its beacon packet, using BRIat timet; rather than
using BPIT, at timet,, where BPIT >BPIT; and
ts>t;, it is expected that the position information
accuracy for node;nin nodes neighbors list to be
less accurate using BRITcomparing with using
BPIT,. From this, we can conclude that as the BPI’
increases, the position information accuracy fer th
neighboring nodes in the nodes’ neighbors lisEigure. 4 The effect of NS on position information
decreases. inaccuracy. 1, t, are times for beacon packet sending.

NS> NS,.

Time

Figure 5 shows the average nodes’ position
information inaccuracy in nodes’ neighbors list
versus different BPITs and NSs values. When the
NS and the BPIT increase, the inaccuracy in
distance (meters) between the accurate (real) and
inaccurate (false) node position in nodes’ neighbor
list increases.

Time

Figure. 3 The effect of BPIT on position informatio
inaccuracy. {, t,, t3 are times for beacon packet sending.
BPIT,> BPIT;.
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159 The second problem of inaccuracy in GPSR
150 | —e—ERIT=15 protocol is the non-optimal route problem. Figure 7
1493 {{ —a_BPIT=2¢ el depicts this problem. The false and the real pmsiti
53] ]| —=—EnT=2s .~ 4 of neighboring node; is n, andn, while for node
e B :E:;;;Z /// n, is n, andn, respectively. The real position of
100 /) destination nodd is d(xy, Yg). In this instance, node
0 i ini i i
o ! S recognizes noda; in its neighbors list to be at a
> /'//"'/ /"/ false position n,; as a closest neighbor to
—

destination nodd even though in reality nods, at

average position information errorin nodes'
neihghrs list (m)

~! real position n,, is the closest neighbor to
N destination node. Using node, as a routing node
" r— in place ofn, will increase the number of routing
1 = — hops toward the destination and route the data
3 packet along a non-optimal route.
5 ic 15 20 25 30

Noda Speed-NS [m/z)

Figure. 5 Average nodes’ position information
inaccuracy in nodes' neighbors list. BPIT versus NS

4.3 Analysing Position Information | naccuracy

Moving direction ofn;

In this section, we analyse the potentia
problems that may occur due to inaccuracy in noc
position information in GPSR protocol. One of the
problems of inaccuracy in node position
information is increasing end-to-end delay in GPSI
protocol. Figure 6 depicts this problem. Node Figure. 7 Non-optimal route problem.;,nn, real
recognizes its neighboring nodein its neighbors position. n',n, false position.
list at the false positiom’(x’,, y'n) while the real
node n position is n(x, Y,). Here, nodes may The third problem of inaccuracy in node
transmit the data packet to nodeseveral times, position information in GPSR protocol is a false
which is not within the nodse transmission range. |ocal maximum problem within the range reachable
If the routing protocol has a backup mechanisno the destination node. False local maximum (as
such as the data packet acknowledgment schemgplained in Figure 2) problem occurs when the
[3], the backup mechanism will report that nade routing node does not find a closer neighbor to the
is unreachable and that the data packet loss h@sstination node among its neighbors other than
occurred. Transmitting the data packet severagself even though in reality there is a closer
times before it cannot be delivered yields in a@eighbor to the destination node. Figure 8 depicts
significant data packet end-to-end delay. this problem. Where, nodd recognizes the

destination node into its neighbors list at position
d, while the source node recognizes the destination

. noded at positionds. When the data packet arrives

dxa,ya)  at nodel carrying the destination position from
source nodes at ds;, nodel will not find any of its
neighbors closer to destination node than itsetghev
though in reality the destination is the neighbmr t
nodel at positiond,. This situation causes the false
local maximum problem by allowing node to
route the packet to nodeusing perimeter routing
strategy. Hence, false local maximum occurs when
the distance betweed, and ds is greater than
distance betweelmandd..

n(xy, J'n).

Figure. 6 End-to-end delay problem. ni{xy’,) false
position, n(x, y,) real position.
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5. CONCLUSION AND FUTURE WORK

In this paper, we introduced the functionality of
position-based routing protocol represented by
GPSR protocol and discussed the problems
associated with position information inaccuracy in
the nodes’ neighbors list. We reviewed related
works to show what research work has been carried
out in studying the inaccuracy in position
information inaccuracy on position-based routing
protocols as well as indicated some the
shortcomings. This was followed by analyzing the
problems and discussing the effect of beacon packet
interval-time and node speed mobility parameters
that occur due to inaccuracy in node position
information on position-based routing protocols.

Presently, we are performing simulation

The fourth problem of inaccuracy in node€XPeriments to show the severe consequences of
position information in GPSR protocol is thelong beacon packet interval-time and high node
routing loop problem. Figure 9 depicts thisSPeed parameters on the effect of position
problem. Here, nodes recognize each other on thdfformation inaccuracy on the network performance
neighbors’ list at false positions’, ny’, n;’ while in terms of end-to-end delay, non-optimal route,
the real positions of these nodes mgan,, n;. Node false local maximum and routing loop. In addition,
s thinks that nodey, is the closest neighbor amongWe &im to investigate on mechanisms and models to
its neighbors to destination nodeand it routes the Overcome the position information inaccuracy in
data packet to it at positiam. Noden, thinks that ~the node’s neighbors list.
noden; is the closest neighbor among its neighbors
to destination nodd and it routes the data packet toREFRENCES:

n, at positionn,. Then, noden, thinks that nodes
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Figure. 8 False local maximum problem. gbsition of d
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