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Abstract: Mobile Ad-hoc NETwork (MANET) is a collection of wireless devices forming network in 
the absence of any  fixed infrastructure. The devices use wireless transmissions to communicate with 
each other within their transmission ranges. The absence of fixed infrastructure makes the problem of 
data routing and forwarding a challenging task in such network. To carry out this task, several 
position-based routing protocols have been proposed that utilize the position of the wireless devices to 
make routing decision. In position-based routing protocols, the sender routes the data packet to a 
neighbour node, whose geographical position is the closest to the destination among all the sender’s 
neighbour nodes. However, the selected neighbour node is closer to the edge of the maximum of the 
sender’s transmission range and thus the wireless link between the sender node, and its routing 
neighbour node may breakdown. Several mobility predication schemes have been proposed in 
literature to overcome the wireless link breakdown problem. In this paper, we propose a directional-
basedbeacon packet mobility prediction scheme to mitigate the drawback observed in literature 
mobility prediction schemes. The proposed scheme brings better performance for the network 
performance in term of end-to-end delay. 
 
Key  words: MANET, position-based routing protocol, neighbour wireless link breakdown,  
                      mobility prediction scheme. 

 
INTRODUCTION 

 
 In the last years, there has been an interest in MANET network as it has enormous promise in a diverse 
range of applications such as: disaster operations, environmental monitoring, and military applications (Akyildiz 
et al. 2002; Basagni et al. 2004). MANET (Murthy and Manoj, 2004) is defining as the category of wireless 
networks without fixed infrastructure such as the access point. MANET contains mobile devices that use 
wireless transmission for direct communication for the nodes inside the transmission range and indirect 
communication (multi hop techniques) for the nodes outside the transmission range. Thus, nodes will participate 
in both as end nodes and as routers responsible for traffic routing. To accomplish the routing process, the nodes 
using routing protocols designed to take into account the challenges of MANET environment and make the 
optimal attempt to find the routes to destination.  
 Routing in MANET has posed an interesting challenge in the research community due to bandwidth 
constrains, limited nodes lifetime, changing network topology, and consumption of high control packets for 
establishing and maintaining the routes (Perkins et al., 2001). A variety of MANET routing protocols have been 
designed to optimize the routing functions to deal with the challenges of MANETs. Basically, these routing 
protocols can be classified into proactive (table-driven), reactive (on-demand), and position-based routing 
protocols (Royer and Toh 1999; Mauve et al., 2001). 
 Recent advances and growing popularity of positioning techniques such as Global Positioning Systems 
(GPS) (Morgan-Owen and Johnston 1995) and other position services such as radio position and GPS-less 
positioning systems (Das et al., 2005) have motivated researchers to pursue better routing protocols that take 
into account the physical position of the node. The general concept of position-based routing (Karp and Kung 
2000; Koand Vaidya, 2002) is to select the next routing hop amongst node’s neighbour hops within its 
transmission range, which is physically closest to the destination. Thus, data packet routing decision is based 
purely on local knowledge of node’s neighbours. Several studies (Karp and Kung 2000; Camp et al., 2002) have 
shown that position-based routing protocols offer significant performance improvement over proactive and 
reactive routing protocols which bring them to be the potential candidate for data packet routing in a critically 
power and bandwidth constrained wireless network.   
 The nodes in position-based routing protocols need to maintain accurate position information of their 
immediate neighbours in their neighbours list for making effective routing decisions. For that, each node 
periodically within a time interval broadcasts a short beacon packet to announce its presence and position (x,y 
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coordinates) to its neighbours. However, receiving nodes record all known neighbour nodes with their position 
information in their neighbours list. If a node fails to receive a beacon packet for a certain time from the 
corresponding neighbour node, the node removes that neighbour entries from its neighbours list. 
 Due to node mobility and time-interval of periodic beacon packets which cause frequent network topology 
change in highly dynamic MANET, neighbours’ local topology changes frequently and rarely remains static. 
Furthermore, the position information in the nodes’ neighbours list is often inaccurate and does not reflect the 
actual positions of the neighbour nodes such that the retransmission and rerouting are required. Thus, the 
inaccuracy in node position information in the node’s neighbours list may result basically in node being wrongly 
listed in its neighbour’s neighbours list with inaccurate position information even though it is moved out of its 
transmission range. In this scenario, the problem is more serious. Since nodes in position-based routing 
protocols depend on each other for routing the data packets to destination using the closest neighbour in their 
neighbours list, this makes wireless links between the nodes unstable and easy to breakdown. It will directly 
lead the route between nodes to be broken easily and brings serious consequences to the network performance. 
In terms of packet delivery ratio, end-to-end delay, bandwidth utilization, optimal route and energy consuming.  
 For that, several mobility perdition schemes have been proposed in literature to solve the problem of the 
Neighbour Wireless Link Breakdown (NWLB) problem. Mobility prediction schemes based on position and 
mobility information make use of position information of mobile nodes obtained from GPS and mobile nodes 
mobility information such as speed, direction and duration of travel to predict when mobile nodes lostthe 
connectivity between each other in order to improve routing performance. 
 In this paper, we introduce the problem of NWLB in position-based routing protocol. In addition, we 
review the mobility prediction schemes that had been proposed to solve the problem, and we suggest a mobility 
prediction scheme that overcomes the drawback in one of the current mobility prediction schemes. 

 
MATERIALS AND METHODS 

 
1. The Greedy Perimeter Stateless Routing (GPSR) protocol: 
 The GPSR protocol (Karp and Kung 2000) is an efficient and scalable position-based routing protocol in 
MANETs. In the GPSR protocol, nodes route the data packet using the locations of its one-hop neighbour. 
When the node needs to send a data packet, it transmits the data packet to the neighbour that has the shortest 
Euclidean distance to the destination node between all its neighbours within its transmission range. 
 The GPSR protocol uses two forwarding strategies to route the data packet to the destination: greedy 
forwarding and perimeter forwarding. In greedy forwarding, GPSR makes forwarding decisions using 
information about the position of immediate neighbours in the network topology as shown in Figure 1. In Figure 
1, node  x wants to send a data packet destined for node D; x sends the data packet to node y since y is listed in 
x’s neighbours list as shown in Table 1, and the distance between y and D is less than the distance between D 
and any of x’s other neighbours. This greedy forwarding process is repeated by nodes y, k, z, and w until the data 
packet reaches the destination node D. 
 
 

 
 
 
 
Fig. 1:  Greedy routing strategy. 
 
Table1: Node x neighbours list. 

Node ID                                                                           Neighbours (x, y coordinates) 

A A (x1, y1) 
B B (x2, y2) 
C C (x3, y3) 
F F (x4, y4) 
Y y (x5, y5) 

// Algorithm 1: GREEDY ROUTING (p) 
1 nbest = self.a 
2 dbest = DISTANCE ( self.l, p.l) 
3 foreach (a, l) in N 
4 do d= DISTANCE (l, p.l) 
5 if d <dbest or a == p.a 
6 thennbest = a 
7 dbest = d 
8 if a == p.a 
9 then break 
10 end 
11 end 
12 ifnbest == self.a 
13 thenreturn greedy routing failure 
14 else route p to nbest 

   15     return greedy routing success 
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 Algorithm 1 describes the greedy routing algorithm pseudocode. Where p.a contains the address of data 
packet’s destination in the header of routing data packet p, and p.l is the position of the data packet destination. 
N is the node neighbours’ list whose entries are a pair of neighbour node’s address (a) with the neighbour’s 
position (l). Self.a and self.l are the address and position of the node executing the algorithm and DISTANCE (e, 
f) is the computed Euclidean distance between nodes e and f, which can be calculated as: 

 

  self. l, p. l . . . .                                                  (1) 

 
 Greedy forwarding strategy fails when the routing node does not find a closer neighbour within its 
transmission range toward the destination than itself. A simple example of such a topology is shown in Figure 2. 
Here, node x is closer to destination node D than its neighbours w and y. Although two paths, x-y-z-D and x-w-v-
D exist to D, x will not choose to forward the data packet to w or y using greedy forwarding strategy. In this 
case, The GPSR protocol declares x as the local maximum to D and the shaded region without nodes as a void 
region. To route the data packet around the void region, the GPSR protocol shifts from the greedy forwarding 
strategy to the perimeter forwarding strategy. In the perimeter forwarding strategy, the protocol constructs a 
planarized graph for the node x neighbours and routes the data packet around the void region using the right-
hand-rule. The right-hand rule states that when arriving at node x from y, the next traversed edge is the next one 
sequentially counterclockwise about x from edge (x, y). By applying the right-hand-rule in Figure 2, node x 
forwards the data packet to hop w, which is sequentially counterclockwise around x. 
 

 

 
 
Fig. 2: Perimeter routing strategy. 

 
 Algorithm 2 describes the perimeter routing algorithm pseudocode. For a network node with a list of its 
neighbours’ positions N, routing a data packet p that arrives from a neighbour nin at bearing bin by the right-hand 
rule amounts to choosing the neighbour whose bearing ba minimize the difference bin – ba, where bearings are 
defined on [0, 2π]. NORM normalizes its argument in radians into [0, 2π] by repeatedly adding 2π and 
ATAN2(y, x) computes the arc tangent of y/x.  

 
2. The Neighbour Wireless Link Breakdown (NWLB) Problem:  
 In the GPSR protocol, every node periodically, within a time interval, broadcasts a beacon packet within its 
own transmission range. The beacon packet carries the node-id and the current position information (x, y 
coordinates) of the node. Every node which receives that beacon packet creates a new entry in its neighbours list 
for the incoming node beacon packet and hence keeps information carried within the incoming beacon packet on 
its neighbours list for later use in the data packet routing process. By using the beacon packets, all the nodes in 
the network have the geographical position information about their neighbour nodes. 
 Position-based routing protocols always route the data packet to the neighbour node that is located closest 
to the destination node. When the sender node wants to send a data packet to a destination, it searches its 
neighbours list looking for the neighbour node that is closest to the destination node among all its neighbour 
nodes. However, the selected next hop node may not exist within the transmission range of the sender, whereas 
it is listed as a neighbour node in the sender’s neighbours list. This is because the routing neighbour is closer to 
the sender’s transmission range border and there is a high probability that the selected neighbour node may not 
exist within the sender’s transmission range and had left the sender’s transmission range, even though it is still 
listed in the sender’s neighbours list. This situation is defined as a Neighbour Wireless Link Breakdown (NWLB) 
problem and can be affected from many mobility parameters such as high node speed, long beacon packet 
interval, network density, node transmission range, and network size.  

 
// Algorithm 2: PERIMETER ROUTING (p, nin) 
 
1 bin = NORM(ATAN2(self.l.y- nin.y, self.l.x-    

nin.x)) 
2 αmin= 3π 
3 foreach (a, l) in N 
4 do if a == nin 
5       then continue 
6 ba= NORM(ATAN2(self.l.y– a.l.y,  

self.l.x– a.l.x)) 
7  αb = NORM (ba - bin) 
8  if αb< αmin 
9  then αmin = αb 
10  amin = a 
11      returnamin
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 Figure 3 shows the NWLB problem; the GPSR protocol has defined the node y at position ly1 as a routing 
node since it is listed in the neighbours list of node s and node y clearly is the closest neighbour to node s toward 
the destination d. That is because of the beacon packet heard from node y by node s at time t1. However, when 
node s decides to route the data packet to node y at time t2, node y may in position ly2, which is not recognized 
by node s at the time of the routing decision of the data packet decided by node s. Node s can recognize that 
node y is no longer a neighbour to it if it does not receive a beacon packet from it within time interval mostly 
greater than (3 * beacon packet interval-time) (Karp and Kung 2000). At time t2, node y is out of node s’ 
transmission range and but is still listed in node s’ neighbours list.  This situation would let node s route the data 
packet to a stale routing neighbour (node y) and the routing data packet to be dropped on the wireless link and 
thereby affecting the network’s throughput performance.    
 

 
 
Fig. 3: NWLB problem. 

 
3. Related Works L: 
 Several approaches have been proposed to overcome the NWLB problem in MANET position-based 
routing protocols. A summary for these approaches is shown in Table 2.As shown in Table 2, most of the 
current researches in mobility prediction on position-based routing protocols are based on constant node speed 
and piecewise linear node motion (constant movement direction) without consideration for any sudden 
movement direction changes.  

 
Table 2: Summary of current mobility prediction approaches. 
Researchers Research Drawbacks 
Kai-Ten et al., (2008) Constant node speed and movement direction 
Raed et al., (2007) Constant node speed and movement direction 
CreixellandSezaki (2007) Costly implementation/ laser scanner 

High neighbours list storage space  
Xu et al., (2006) High data packet transmission delay 

Constant node speed and movement direction  
Son et al., (2004a, 2004b) Constant node speed and movement direction 
Su et al., (2001) Constant node speed and movement direction 

 
 This paper main concern is to enhance the mobility prediction scheme proposed by Raed et al.(2007). Our 
enhancement based on directional change movement of the nodes as it will be explained shortly. Raed et al. 
(2007) proposed a mobility prediction scheme uses one (x, y coordinates) position information point and the 
node moving direction angle to predict the neighbour nodes’ future position. For the simply of naming the 
scheme through this paper, we call it Angular Mobility Prediction (AMP) scheme since it uses the angular 
direction of the movement node to build its prediction scheme. The AMP scheme is shown in Figure 4. Let us 
assume that the latest update (beacon packet information) was generated at time  from node i at position 

 , reports a velocity and direction  . In addition, assume the node moves at an anti-clockwise 

angle  to horizontal. Let the velocity and direction   at the time  (position M) remain unchanged over 
the node movement from position K to M. Assume that a node A wishes to predict the location  ,  of node i 
at some instant time   (at time node A decides to forward a data packet to node i). Table 3 shows the notations 
used for AMP scheme. 

 
 
 
 
Table 3: The Notations for Mobility Prediction Scheme proposed by Raed et al., (2007). 

Variables  Definition 
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From Figure. 4, applying the laws of sins and cosines on triangleKLM,we-get: 
 
  .  

                                        
(2)

 
  . sin                                        (3) 
 
 Where  and   are the predicted position of neighbour node at (x, y) coordinates and is the time when 
the node decides to forward a data packet to one of its neighbour node. By using equations 2 and 3, any node 
can predict the position of node i within its transmission rangeat x-axis  and y-axis  once it knows the latest 

, position,the velocity , direction of motion , and the time . 
 

 
 
Fig. 4: Angular mobility prediction scheme proposed by Raed et al., (2007). 

 
 In summary, when the sender node has a data packet to be routed to a destination, the sender first uses the 
position information available in its neighbours list to predict the position of its selected routing neighbour by 
using equations 2 and 3. The current position of a given neighbour node (xi

p, yi
p) is predicted whenever the 

sender node looks up its neighbours list for a routing decision by searching for the best candidate neighbour to 
be used for data packet routing. Based on calculated prediction of neighbours’ position, the sender node now can 
calculate its distance from the predicted neighbour node position using the Pythagorean Theorem formula as 
follows: 
 

                                                                                                                       (4) 

                
 Where Di

p is the predicted neighbour node’s distance from sender node and (xi
t1, y

i
t1) is the current position 

of the sender node along the x-axis and y-axis respectively. When the sender node finds that the value of Di
p is 

greater than its transmission range, it will not route the data packet to that neighbour even though that neighbour 
is shown to be the closest neighbour to destination in the sender’s neighbours list. By using the described 
mobility prediction scheme, the sender node has the ability to avoid routing the data packet to a neighbour node 
that is located outside the sender’s transmission range even though it is still listed in the sender’s neighbours list 
as a neighbour node. 
 
 
 

RESULTS AND DISCUSSION 

 Time instance of node position  

,  The coordinates of node i along the direction of the x and y axes at time  

 The velocity of node i at time  

  The direction of node movement with respect to x-axis  

 The current time 

 ,   The predicted position of node i at time  
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 The control overhead metric represents the total number of beacon packets exchanged by all the nodes in 
the network.  
 
2. End-to-End delay:  
 This metric represents end-to-end delays experienced by each data packet at each hop on the way from 
source node to the destination node. 
 In this paper, we used the Bound Simulation Area (BSA) mobility model (Camp et al. 2002) as the pattern 
for nodes’ movement as shown in Figure 6. Unlike other mobility models such as the RWP mobility model 
(Camp et al. 2002), the BSA mobility model reflects the relationship between mobile nodes’ previous and 
current motion behavior. In BSA, speed and direction of current movement randomly diverge from the previous 
speed and direction after each time increment. This makes the nodes' movement smooth in both speed and 
direction. The position, speed, and direction of movement of the nodes are updated at every ∆t time steps 
according to the following formulas: 

 
∆ ∆ , 0 ,                                                               (5) 

 
∆ ∆                                                                  (6) 

 
∆ COS                                                                               (7) 

 
∆ SIN                                                                                                 (8) 

 
 where is the maximum speed defined in the simulation, ∆ is the change in speed which is uniformly 
distributed between ∆ , ∆ , , is the maximum acceleration of a given mobile node, 
∆  is the change in direction which is uniformly distributed between  ∆ ,  ∆ , and  is the maximum 
angular change in the direction of mobile node travel. 
 

 
 
Fig. 6: Bound Simulation Area (BSA) mobility model. 

 
 Here, we enforce the node to send its extra beacon packet updates when the node movement 
directionchange isgreater than 45 degree.The conditional sending for extra beacon packet is to control the node 
from sending the beacon packet on each small directional change or else the network bandwidth will be highly 
utilized, and the network congestion will be occurred.  
 Figure 7 shows the total number of beacon packets exchanged by GPSR protocol using AMP and EAMP 
schemes as a function of node speed. Figure 7 clearly shows that EAMP scheme increases the control overhead 
as the node speed increases since the nodes enforced to send extra beacon packets when they change their 
movement direction. AMP scheme uses the static beacon packet broadcasting irrelevant to node movement 
direction and hence the control overhead (beacon packets) load remains static while the node speed increases. 
 Figure 8 shows the total number of beacon packets exchanged by GPSR protocol using AMP and EAMP 
schemes as a function of number of nodes. As expected, increasing the number of the nodes will increase the 
control packets overhead in the network for both schemes used since extra nodes meaning extra beacon 
packets.EAMP scheme increases the control packets overhead when the number of nodes increase since the 
EAMP scheme forces the nodes to send a beacon packet when there is a change in node movement direction. 
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Fig. 7: Control overhead via node speed. 

 
 Figure 9 shows the total number of beacon packets exchanged by GPSR protocol using AMP and EAMP 
schemesas a function ofthe number of data traffics. For both schemes, as the number of data traffics increase, 
the number of beacon packets sent by nodes remains static since in both schemes the number of beacon packets 
is independent on the number of data traffics in the network. No additional beacon packets observed using AMP 
scheme since no additional beacon packets needed for AMP scheme to work. EAMP scheme achieves the higher 
control packets overhead since the EAMP scheme forces the nodes to send a beacon packet when there is a 
change in node movement direction. 
 
  
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Control overhead via number of nodes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: Control overhead via number of data traffics 
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 Figure 10shows the average end-to-end delay in GPSR protocol using AMP and EAMP schemes as a 
function of node speed in the network. EAMP scheme achievesthe lower average end-to-end delay comparing 
with AMP scheme due to accurate position information for neighbour nodes maintain in the sender’s neighbours 
list. EAMP schemeaids the sender node make the more accurate prediction and avoids routing the data packets 
to neighbournode, especially when that neighbour close much to the sender’s transmission range border, and it 
attends too close to break the wireless link with the sender.  
 Figure 11shows the average end-to-end delay in GPSR protocol using AMP and EAMP schemes as a 
function of the number of nodes. For both schemes, as the number of nodes increases, the average end-to-end 
delay increases also due to the effect of nodes density in the network. By having more nodes in the networks, we 
have more beacon packets generated by the nodes which caused more congestion and bandwidth utilization in 
the network. EAMP scheme achievesthe lower average end-to-end delay in the network comparing with AMP 
scheme due to schemecapabilities in maintaining accurate network topology in the nodes’ neighbours list.  
 Figure 12shows the average end-to-end delay in GPSR protocol using AMP and EAMP schemes as a 
function of the number of data traffics in the network. For both schemes, as the number of data traffics 
increases, the average end-to-end increases also due to the increase in the number of data traffics in the network 
which caused more data packets to be rerouted using different paths and face NWLB problem. Using EAMP 
scheme achieves lower in average end-to-end delay comparing  
with AMP scheme. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Fig. 10: Average end-to-end delay via node speed 
 

 
 

Fig. 11: Average end-to-end delay via number of nodes 
 
Conclusion: 
 In this paper, we reviewed the neighbour wireless link breakdown problem between the sender node and its 
routing neighbour node in position-based routing protocols. In addition, we reviewed the proposed mobility 
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prediction schemes to overcome this problem An enhanced version from AMP scheme called EAMP was 
proposed in this paper as well.The EAMP scheme updated the nodes’ neighbours list with accurate position 
information for their neighbours by generating extra beacon packets when the neighbours change their 
movement direction. The EAMP scheme assists the sender to make an accurate prediction based on more fresh 
and accurate nodes’ position information in the sender’s neighbours list.  The simulation results have shown that 
the integrated EAMP scheme achieved a better end-to-end system performance for different network parameters 
setting such as node speed, number of nodes, and number of data traffics without incurring any additional 
communication or intensive computation between the nodes. 
 

 
 
Fig. 12: Average end-to-end delay via number of data traffic. 
 
 EAMP scheme here is based on that mobile nodes have to move in constant speed with no acceleration or 
deceleration values change. This assumption is idealistic since the nodes may change their travel speed 
(acceleration/deceleration) during their travelling paths.As a future work, we are working now in considering 
the node acceleration/deceleration parameterin our mobility prediction scheme and build an improved version 
from EAMP scheme. 
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