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Abstract—Over the past years, location-based routing proto-
cols have been studied extensively in mobile ad hoc networks
(MANETs). However, how to efficiently provide the location
information for nodes is still a challenge. So far, many protocols
have been proposed to solve this problem, most of which offer
exact routing location information, and are complicated to im-
plement in practice. In this paper, we propose a fuzzy location
service (FLS), which introduces fuzzy location information. In
FLS, a network is divided into hexagon cells. A node regards
the center of the cell where it resides as its own fuzzy location.
A node’s location is not updated unless it moves into or out of
a cell. This method is efficient and simple to implement. The
simulation results show that FLS has better performance than
GLS and HLS, in terms of routing waiting time and routing
success ratio.

Keywords-mobile ad hoc networks (MANETs); location ser-
vice; hexagon cell.

I. Introduction

A mobile ad hoc network (MANET) consists of a set
of wireless mobile devices without any fixed infrastructure,
in which a sender can connect to a receiver within com-
munication range, and communicate with remote mobile
devices through relaying. Such networks are widely used
in diversified areas, such as emergency communication in
disaster areas, military, vehicular networks, and even space
communication in the future. Routing protocols are studied
extensively as an important subject, with location-based
routing deeply attracting researchers. A variety of location-
based routing protocols have been proposed, such as LAR
[1], GPSR [2], and GRA [3], which are of good scalability,
and less overhead. These protocols usually assume that a
node obtains the location’s information with the help of a
global position system (GPS). With the location information,
a sender can deliver messages to a receiver in collaboration
with neighboring nodes. The key problem of these protocols
is how to provide efficient location services for all the nodes
in the networks. Below are some important issues:

1) How to control the location update frequency;
2) How to decrease the overhead during the location

update;
3) How to reduce the routing delay time.

Existing protocols mainly focus on the first and second
issues, while the last issue is usually less discussed. Though
these protocols seem to offer better location services, they
increase the routing delay time. So, it is necessary to have
an efficient method to balance the location update overhead,
and the impact on routing.

This paper proposes a comprehensive approach consider-
ing location update frequency, location update overhead, and
routing delay time. We provide a fuzzy location service in
order to reduce the overhead and the routing delay time.

The rest of this paper is organized as follows: Section
II briefly discuss the related work in location services.
In Section III, we present our proposed fuzzy location
service (FLS) protocol in detail. Section IV analyzes the
performance of the proposed protocol. Section V describes
the simulation results. Finally, Section VI concludes this
paper.

II. RelatedWork

Numerous protocols for location service [4-10] have been
proposed, which can be approximately classified from two
views. From the location update viewpoint, they are divided
into two classes in [6], namely, flooding-based [11] and
location server-based [4]. In flooding protocols, each node
floods its current location to other nodes, which record that
location in their own location tables. The source node can
quickly obtain the location of the destination node from the
table, so it efficiently reduces the routing waiting time. On
the other hand, the mobility of nodes increases the frequency
of flooding, thus causing a broadcast storm problem. So, this
kind of approach has been replaced by location server-based
approaches, where nodes query servers that provide direct,
or indirect location information [10] according to different
algorithms, including hashing-based [5] and quorum-based
methods [12], [13]. As the traffic center of a location
service, location servers play an important role in routing.
Consequently, when servers move away, or suddenly break
down, this may lead to the failure of routing in some areas.

From the location accuracy viewpoint, there are exact
locations and fuzzy locations. An exact location is com-
monly provided by location servers or destination nodes.



A source node can accurately forward a packet towards a
destination node, but the average waiting time before routing
is increased. As an alternative method, the fuzzy location
service was proposed in [14], [15]. The fuzzy location
service in [14] used the predictive method to evaluate the
location of a destination node. Yet, the predictive area is
enlarged with the elapse of time, which makes the location
too fuzzy for successful routing. Bae et al [15] proposed a
fuzzy method, and the source node finally uses the exact
location of the destination node.

This paper proposes a new method, which uses the fuzzy
location information, and improves the performance of a
location service.

The major contribution of this paper is threefold:

1) The proposed location service is efficient due to a
small number of update nodes and reasonable update
frequency;

2) Since the proposed method does not need the process
of query and reply, it saves more routing waiting time
than other protocols. Therefore, it is especially suitable
for real-time mobile ad hoc networks;

3) All the location information does not rely on one, or
a group of location servers. Consequently, it does not
affect the whole network if some nodes break down.

III. FLS Protocol

The idea of using a fuzzy location in routing comes from
daily lives. If we want to meet a friend who frequently moves
about, generally, we are able to locate him via an approxi-
mate location, rather than the specific physical coordinates.
In MANETs, packets are first transmitted towards the fuzzy
location of a destination node, and then they are forwarded
to the target by neighbors of the destination node.

A. Fuzzy Location Area

Although FLS provides fuzzy location information for
nodes, if the location is too fuzzy, it may lead to failure.
We split a large fuzzy area into relatively small areas. Most
protocols partition a network into square grids [4], [7]. It is
easy to map a network into grids. There are often methods
that adopt the Delaunay Triangulation to deal with the
problem [16]. In [5], [10], [15], the network is divided into
hexagon cells, thus, the entire network can be covered with
fewer cells. The division takes full advantage of the node
transmission radius because it is more similar to a circle
than a square or triangular grid (the details are explained in
[17]). Here, we also partition a network area into adjacent
hexagon cells. The center location of a cell is regarded as the
fuzzy location of nodes in the cell. Assuming that a node’s
physical position is (x, y), we can map this position into the
center location of the cell to which it belongs, according to
papers [5], [17]. Here, to ensure the communication between
nodes at the center and edge of a cell, the maximum distance

from the center to the edge of the cell is considered to be a
node radius r.

B. Location Update

1) Local Location Update: Compared with one-hop hello
messages to neighboring nodes, each node periodically sends
a hello control message, which contains their latest location
coordinates, to its neighboring nodes within a two-hop range.
The neighboring nodes update the location table accordingly.
In this way, each node can learn neighbors’ locations within
a two-hop range.

2) Remote Location Update: In most location service
protocols, the remote nodes’ location is maintained by des-
ignated servers. When a node’s location is changed, it will
notify the corresponding server. The server transmits all the
latest nodes’ locations to other servers in the network in one
update period. Therefore, the sender can get the receiver’s
location by requesting its server. In these protocols, the
nodes excessively rely on the servers. when the servers
suffer an attack or too much traffic load, the servers may
not provide the location service very well for nodes in
the network. So, we propose a new remote location update
scheme. We adopt a broadcast tree, which is discussed later,
to transmit the nodes’ update location when they move into
or out of a certain range. As Fig. 1 shows, nodes n1, n2, and
n3 move into the cell, while n4 and n5 move out of the cell.
If these five nodes independently update their new location
after a period of time, it is certain that the network cost
will be considerably high. We hope to reduce the number of
nodes which need to update location information as much
as possible. A node that is nearest to the center of a cell
is selected as the cluster head in the cell when the network
is initialized. It records nodes that have moved into and out
of the cell, at intervals, by learning from the nodes’ two-
hop hello messages, instead of intentionally collecting them.
As an agent of the cell, the cluster head will send location
update messages only including nodes that have moved in
and out through the broadcast tree. Remote nodes which
receive the location update messages will update the location
table. Thus, the location update frequency is reduced greatly.
Let S be the coverage area of the network, and N be the total
number of cells, where N = 2

√
3S/9r2. Additionally, when a

node moves from one cell (C1) to another cell (C2), the node
is updated twice by C1 and C2. This increases the network
overhead, so we further optimize the location update

As shown in Fig. 1, nodes n1, n2, and n3 move out of
cell C7, while nodes n4 and n5 move into C7. Take n1 as
an example: It is recorded by both C7 and C6 during the
movement. If C6 has updated the location of n1, the update
through C7 is redundant. This is also true for other nodes.
The nodes n2, n3, n4, and n5 are updated by C2, C5, C1, and
C3, respectively. Consequently, C7 doesn’t need to update.
C7 is called the Free Cell (FC). The total number of FCs
is N/3. The number of the other cells, called Update Cells
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Figure 1. When n1, n2, n3, n4, and n5 move in or out of C7, they are
updated by C1, C2, C3, C5, C6, but not C7.

Figure 2. Shadow cells denote the FCs, and the remaining cells are the
UCs.

(UCs), is 2N/3. As shown in Fig. 2, the shadow cells are
FCs, and others are UCs. By now, the number of cells that
need to update the location information has been decreased
to 4
√

3S/27r2.
3) Cluster Head Update: The UC updates the location

information through a cluster head. The scheme of selecting
cluster heads has been proposed in many papers [18], [19].
Here, we select a node nearest to the center of a cell as
its cluster head. The cluster head is allowed to move into
a small circle (Cr) with its center at the center of the cell,
and its radius rc. When the head moves out of the circle
area, another node is selected as the head by comparing the
distance from the center to the node.

C. Edge Nodes Processing

Obviously, nodes on the edge of a cell are easier to
move out of the cell than nodes near the center. The update
frequency will increase if nodes continuously cross the edges
of cells. Liu et al [20] have argued that the smaller the area
of a cell, the larger the probability of the boundary crossing.
Consequently, we enlarge the area of a cell. As shown in Fig.
3, the area is enlarged into a circle (CR), whose radius is R.
The monitor area of a cluster head is also increased, and
it only updates nodes that move into or out of (CR). Even
though a node has moved into another UC, it still belongs
to the previous UC unless it completely moves out of the
enlarged area (CR).

D. Update Method

We have reduced the number of updating nodes, but
it will increase control overhead if flooding is used. The

r

Rrc

Figure 3. The area of a cell is enlarged in a circle. Location of nodes in
the cell would be updated until they move into or out of the circle.
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Figure 4. The update information from a cluster head at the center of the
network is transmitted to other cluster heads along the path.

simulation also reflects that flooding increases MAC layer
collisions, which results in routing failure. Since the results
will become worse with the area of the network enlarged,
we hope to adopt a broadcast tree to update the nodes’
location. In [21], [22], the broadcast trees were constructed
by exchanging messages with neighboring nodes, which
increases the control cost. Here, the broadcast tree is de-
signed as a fixed update path. Each cluster head has its
own broadcast tree. This broadcast tree looks like a flake
of snow, so it is regarded as a snow broadcast tree. Here,
the algorithm is omitted because of layout restriction. As
shown in Fig. 4, the cluster heads of cells, which are crossed
by paths, are referred to as the broadcast heads. A head
at the center of Fig. 4 wants to update the location of
nodes and send the update message to its neighbor broadcast
heads. These broadcast heads transmit the update message
to the next broadcast heads along the path depicted in Fig.
4. The broadcast heads which have received the update
message will forward it to the member nodes in the cell.
The constructed broadcast tree guarantees that the update
message can be simultaneously received by all cells with the
same distance (hops) from the sender, which can be verified
by the numbers depicted in Fig. 4. Moreover, it minimizes
the amount of repeated broadcasts.
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Figure 5. The random waypoint model (RWM).

IV. Performance Analysis

In this section, we will analyze the location update fre-
quency, and the final number of NCs, to explain the low
control overhead of FLS. We also discuss its impact on
routing in order to determine the size of the fuzzy cell.

A. Analysis Model

Here, we adopt the random waypoint model (RWM) [23]
to analyze the location update frequency, which is shown in
Fig. 5. Let Pi (1 ≤ i) denote the location of a node at the ith

moment in a circle, Tm be the maximum time that a node
takes from Pi to Pi+1, and Tp be the maximum pause time.
Assuming that a node moves from P1 to Pn in the circle CR,
the total time T that a node stays in CR is:

T = Tm + (n − 1) × (Tm + Tp) (1)

B. Nodes Distribution

It is assumed that nodes are uniformly distributed in a
network. The number of nodes near the border is more
than the number of nodes in the center of the circle. The
node distribution may affect the analysis of frequency. The
longer a node stays in a cell, the lower the location update
frequency may be. The frequency depends on T , which is
discussed in two cases:

1) Tm ≥ 2R/v: The moving time of a node covers a
longer period, that is, Tm ≥ 2R/v, v denotes the maximum
moving speed of a node. In that case, the node will move
out of the circle from wherever it is. Let the distance from
a node to the center of the circle be l. Since the node will
move at all possible directions in the next moment, we can
get the average time T of the node staying in CR, which is:

T =
1

2vR

∫ R

−R

√
R2 + l2 − 2lxdx

The average time Ta for different l (0 < l < R) can be given
as follows:

Ta =
1

vR

∫ R

0
Tdl =

10
9v

R (2)

The location update frequency is decided only by R,
according to Eq. 2.

2) Tm < 2R/v: The moving time of a node is rather short,
that is, Tm < 2R/v. The node will not move out of the circle
in one Tm. So, the discussion of the average time of staying
in CR is more difficult. As shown in Fig. 6, a node stays at
a position (P1) with distance l to the center O of the circle
CR. It may move out, or still stay in CR, after moving over
time Tm. The shadow in the figure illustrates the possible
area where the node may still stay in CR, The probability of
the node still belonging to CR is Pl, presented as Eq. 3. S s

denotes the area of the shadow.

S s = 2(
∫ X

l−d

√
d2 − (x − l)2dx +

∫ R−X

X

√
R2 − x2dx)

Pl =
S s

d2π
(3)

where d = vTm

If the position P1 is located at CR, the next staying position
P2 may be into or out of CR. The probability that P2 is
still in CR depends on the distance l. When l is very short,
the probability is almost 1. On the contrary, the probability
would be small when P1 is distant from the center of CR. So,
we only discuss the average probability Pp2 that P2 is still
in CR. Let the width occupied by a node be w. We divide
the circle into several rings, which is shown in Fig. 6. The
ith ring is denoted as ri = wi (1 ≤ i < R

w ). The average
probability Pp2 is:

Pp2 =

c∑
i=0

Pl (4)

where l = iw, c =
⌈R
w

⌉

Assuming that the position P3 lies in the ith ring, and S ri

is the intersection area of the ith ring and the shadow in Fig.
6, the probability Pri of S ri relative to the area of the circle
Cd with radius d, is depicted as:

Pri =
S ri

S s

Thus, the average probability Pp3 , which stands for the node
still staying in CR at P3, can be represented as follows:

Pp3 =

c∑
i=c−m

Pri × Pl × Pp2 (5)

where m =

⌈
R + d − τ

w

⌉

τ is the distance from P2 to the center of CR.
Similarly, we can obtain the average probability Ppn of

Pn (n ≥ 2):

Ppn =

c∑
i=c−m

Pri × Pl × Ppn−1 (6)
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Figure 6. The node at P1 perhaps moves out of CR at the next position
P2. The small circle Cd , with the center at P1 and radius d, is the area that
P2 lies in. The shadow shows the area of the node still staying in CR at
P2.

where m =

⌈
R + d − τ

w

⌉

τ is the distance from Pn−1 to the center of CR. We have
calculated the average probability of a node staying in CR

at P2 and P3. But, if n is too big, Ppn would be very small,
and the node would certainly move out of CR. Generally,
according to the application scenario, it may be suitable that
Ppk is 0.9, according to simulation scenarios. In general,
nodes will gradually move out of the cell CR with the elapse
of time, which makes the distance of the nodes from CR

become farther. Thus, if the proportion of the nodes that
move out of CR is small (as small as 0.1), this result will
reflect the fact that the passed time is short, and the removed
nodes still stay near CR and are not far away. These nodes
probably locate within a two-hop range from CR, so, FLS
can easily find these nodes. Additionally, if the proportion
is too small, the update frequency will be increased. On
the contrary, if the proportion is large, FLS will fail to find
the removed nodes. In consequence, the value depends on
the practical situation. We get parameter k, and the average
location update period Ta from Eq. 1.

Ta = Tm + k(Tm + Tp) (7)

In this case, when T is smaller than Ta, the probability
that all the nodes still remain in CR during the period
equals Ppk

N . N is the average number of nodes in a cell.
Consequently, the number of cluster heads that need to
update is 4

√
3S (1 − Ppk

N)/27r2. For example: Assuming
S is a square of 2 km×2km, Ppk is 0.9, N is 15, and r is
250 m, we can get the number of the UCs, which equals
13.

Based on the above analysis, we have known that the
number of nodes to be updated is rather small, and the
location update frequency is reasonable and acceptable.
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Figure 7. The node S sends a packet to D. When the packet arrives at
position B, it can get the latest location about D from nodes in the vicinity
of B, and then it will change the routing direction to location C.

C. Analysis of Impact on Routing

We mainly analyze the impact of the fuzzy location
service on routing in order to determine the fuzzy range,
as well as the cluster head moving area in this section.
Generally, if the fuzzy range is too large, the routing may
fail because of not being able to find the destination node.
So, it is critical to decide the size of a circle in order to
route successfully and efficiently.

As considered in Fig. 7, nodes S and D denote a source
node and a destination node, respectively. S only knows the
fuzzy location of D, which is the center of the circle where
D lies. If D moves in the east or west direction, routing is
rarely impacted. Conversely, movement in the north or south
direction will lead to inexact routing and additional delay as
the fuzzy location is not the real location of D. Particularly,
when D moves to fuzzy location C, the impact is obvious.
To ensure that the total delay doesn’t surpass a time frame
of one-hop over exact routing, the size of the circle must be
selected cautiously. As a primary factor of routing, the path
length is chosen to compare the routing delay when D lies at
O and C, respectively. At first, the position O is referred to
as the target, based on the idea of FLS. Then, packets will
be forwarded towards O. When packets arrive at location
B, it will turn towards C’ s direction, because nodes near
location B have known the more exact location of D than S
through a two-hop hello message. Here, we have two paths
L1 and L2. L1 is a path from A to C via B, and L2 is a path
from A to C directly:

L1 =
√

L2 + R2 (8)

L2 = L + 2r −
√

(2r)2 − R2

The difference ΔL = L2 − L1.

Obviously, ΔL is related to L and R. We convert their three
dimensional relations to a two dimensional graph, shown in
Fig. 8.

When R is less than 1.7, ΔL would be less than one radius
r. Because the path from S to D is not straight, the total path
length, plus r, would not have an obvious effect on routing.



Figure 8. Relation about R and ΔL .

For the convenience of analysis, R is set to 1.5r. Considering
that all the nodes’ hello messages must reach the cluster head
within two hops, the cluster head’s movement radius rc had
better be 0.5r.

V. Simulation Studies

To study the performance of the proposed fuzzy location
service, we implement it in simulator NS-2. The specific
parameters are shown in Table 1:

Table I
Simulation parameters

Parameter Value
Number of Nodes 300
Simulation Area (km×km) 3×3
Transmission Range (m) 250
Max Speed (m/s) 2, 4, 6, 8, 10, 12
Simulation Time (seconds) 300
Mobility Model Random Waypoint Model
MAC Protocol IEEE 802.11

As a typical routing protocol, GPSR is chosen to perform
the simulation. To simplify the simulation, enough nodes
are deployed in the scenarios to avoid a local optimization
problem. We compare our proposed FLS with the grid
location service (GLS) and the hierarchical location service
(HLS), from the following four metrics:

A. Routing Waiting Time

The source node will keep waiting before routing until
the location of the destination node is obtained. In GLS
and HLS, the source node first sends a query packet to
servers, which forward it to the destination node, and then
the destination node replies to the source node, which will
result in a longer waiting time. On the contrary, FLS can
immediately get the location of the destination node from
its location table due to the location update. Fig. 9(a) shows
the advantages of FLS, and shows that the waiting time of
FLS almost equals 0.
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Figure 9. (a) The waiting time of GLS, HLS, and FLS, and (b) comparison
of the path length among FLS, GLS, and HLS.
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Figure 10. (a) Routing success ratio and (b) routing overhead ratio among
the GLS, HLS, and FLS.

B. Path Length

Fig. 9(b) shows the average path length from the source
node to the destination node. Compared to GLS and HLS,
the path length of FLS is only extended half a hop, and the
extended part wouldn’t have an effect on routing. So, the
routing time will obviously not increase.

C. Routing Success Ratio

Although FLS uses fuzzy location information to route,
the destination node’s location would become more and
more exact as the packet comes closer to the target. So, the
majority of packets could successfully arrive at the target.
In GLS and FLS, once the destination node moves away,
it is impossible for the packets to arrive at the node. Thus,
the success ratio of GLS and FLS is much lower than the
proposed protocol. As shown in Fig. 10(a), the success ratio
of FLS is over 95%.

D. Routing Overhead Ratio

The routing overhead ratio denotes the ratio between
data packets and routing control packets. As for GLS and
HLS, control packets include location updates query and
reply packets. In FLS, the overhead mainly comes from
updated packets. Fig. 10(b) demonstrates that the number
of routing control packets of FLS exceeds HLS, and is less
than GLS. The control overhead of FLS is fully acceptable
in comparison with the node’s energy.



From the above comparison, FLS achieves better perfor-
mance than GLS and HLS in terms of routing waiting time,
and the routing success ratio. We have optimized the update
method, and minimized the number of UCs. The simulation
results show that FLS control overhead is rather low, and
fully acceptable in practice, which accords with the analysis
in Section IV.

VI. Conclusion

In this paper, we proposed a fuzzy location service (FLS),
which combines the advantages of fuzzy information and
broadcast trees. FLS uses the centralized update method to
reduce the number of location updates, and degrade the up-
date frequency without excessive routing control overhead.
Simulation results demonstrated that FLS is superior to the
protocols, GLS and HLS, in overall performance. We plan
to further optimize the proposed protocol in terms of the
fuzzy degree, and the location update frequency, from the
view of fuzzy mathematics, in our future work.
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