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A Distributed Topology Adjustment
Algorithm for Wireless Networks with Mobile
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ABSTRACT

Improper static network topology can reduce the
capacity of wide area wireless access networks in
which the distribution of subscribers’ population of-
ten changes. This paper focuses on “fully wireless
cellular networks” with mobile base stations, where
the network topology can be dynamic due to the mo-
bility of the base stations. In such environment, net-
work topology can be properly controlled by the ad-
justment of mobile base stations’ positions. A novel
distributed topology adjustment algorithm is pro-
posed in this paper. The proposed algorithm tracks
subscriber’s population by moving mobile base sta-
tions toward the center of their nearby groups of sub-
scribers. At the same time, mobile base stations are
also drawn outward their neighboring base stations in
order to solve the “oversupply base station” problem.
The balance between 2 movement forces determines
the proper position of mobile base stations. The per-
formance evaluation of the proposed algorithm shows
that the proposed algorithm performs well, even in
rapidly changes of subscribers’ population or in the
presence of failure of base stations.

Keywords: Wireless cellular network, mobile base
station, topology adjustment

1. INTRODUCTION

Recently, there has been much interests in dynamic
wireless networks due to the availability of smaller,
smarter and cheaper portable devices, in expensive
wireless technology, and mobile user’s demand for
“anyone anywhere anytime’ information access. Dy-
namic wireless networks reveal themselves into two
forms, i.e. mobile ad hoc networks (MANETS) [1-
3] and wireless cellular networks with mobile base
station (MBS) [4-7]. Both are made up of hetero-
geneous nodes which can be classified as mobile host
(MH) and cluster head (CH) in MANETSs or base
station (BS) in cellular networks. MHs access net-
work resources through the CHs or BSs while the CHs
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or BSs link together to form a network infrastruc-
ture. MANETS are initially designed for temporary
and special use, such as on battle fields or in emer-
gency rescue operation where there may not be any
established infrastructure for networking. Nowadays,
they are widely used for a number of applications,
e.g. Intelligent Transportation System (ITS). Nodes
in MANETS are assumed to be identical in resources
such as energy, computation power, memory, etc. In
each cluster, a node is selected to be the cluster head
dynamically. The cluster head has the same resources
as the other nodes in the cluster. On the other hand,
cellular networks are designed as a wireless infrastruc-
ture for providing accesses to mobile users in a wide
area environment. In cellular networks with MBSs,
BSs are assumed to be rich in resources, i.e. hav-
ing more energy, computational power, memory, etc,
while MHs are assumed to be resource poor. More-
over, BSs are determined a priori rather than selected
by MHs. Several implementations [8-10] for addition
of the mobility to BSs by mounting on vehicles or
even on unmanned aircrafts exist.

Figure 1 shows an example of cellular networks with
MBSs. A geographical area is divided into smaller
regions called “cells”. Each cell contains a BS serving
mobile hosts. The geographical area covered by the
cell changed dynamically as the BS moves. The links
between MBSs are wireless and referred to as inter
cell links. MHs can communicate with the others in
the system only through the BS of that cell. This
communication between an MH and its BS is also
through a wireless link and referred to as intra cell
links.
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Fig.1: A cellular network with mobile base stations.
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A cellular network with mobile BSs is very attrac-
tive. It is preferably deployed in situations where the
traditional cellular networks with fixed BSs are not
available, or the existing cellular network with fixed
BSs is not suitable because of inconvenience, cost,
etc. Such systems can be rapidly deployed to deal
with emergency, to supply temporary needs, or to
replace the traditional cellular networks in order to
make cellular networks more adaptive to changes in
the distribution of subscribers’ population or traffic
pattern, especially for Internet usage with which traf-
fic is quite fluctuate.

Due to the mobility of BSs serving as access points to
MHs, it is possible to adjust topology of BSs accord-
ing to MHs’ distribution by properly adjusting mobile
BS’s positions. Ref [7] initially presented such topol-
ogy control algorithm. The algorithm tries to find
a center of covered MHs that seems to be the suit-
able position for mobile BSs and then move each mo-
bile BS towards that position independently to each
others. Since mobile BS moves without considering
the distance and corporations with other mobile BSs,
it leads to the “over supply BS” problems in which
excessive numbers of mobile BSs exist in small area
with high density of MHs. As a result, BSs’ resources
such as radio channel capacity are not best utilized.
In this paper, a novel topology adjustment algorithm
for wireless networks with mobile BSs is proposed.
Our algorithm improves “centroid based algorithm”
[7] by the addition of movement forces between BSs.
BSs whose distances are too close/far will push/pull
together. At the same time, each mobile BS will also
be forced to move towards the center of their nearby
groups of MHs. The balance between two movement
forces determines the proper position of mobile BSs.
The performance evaluation shows that the proposed
algorithm outperforms the existing algorithms, even
in rapidly changes of population or in the presence of
failures of BSs.

The rest of this paper is organized as follows. Section
IT presents related works with section II emphasiz-
ing the system model. In section IV, the proposed
algorithm is presented in details. Simulation results
and discussions are given in section V Section VI con-
cludes the paper.

2. RELATED WORKS

Topology adjustment is a function of the topology
control which is a technique used to change topology
of BSs serving as access points for MHs according
to the distribution of MHs’ population. Effective al-
gorithm should locate the distribution of BSs most
suitably to the distribution of MHs so that network
resources can be best utilized by MHs and at least
one BS should be reached by any MHs.

In [11] and [12], the distribution of fixed BSs for tradi-
tional cellular network with fixed BSs can be designed
according to the expected distribution of MHs by for-
mulating as the optimization problems.

In [13], Ram et al. proposed topology control al-
gorithm by using a power-controllable radio technol-
ogy. The topology control is formulated as a con-
strained optimization problem minimizing transmis-
sion power subject to the network being connected or
bi-connected. Two distributed heuristic algorithms
for mobile networks, that adaptively adjust node
transmit powers in response to topological changes
and attempt to maintain a connected topology us-
ing minimum power, are presented. However the
approach using power adjustment may be suitable
to networks whose MHs move within small area be-
cause of distance limitation of radio power adjust-
ment and the complexity in avoiding improper cell
overlaps within a wide area network.

In [14] and [15], ad hoc networks are used within the
cell of a cellular network to dynamically expand the
last mile of network coverage. The architecture con-
sists of a cellular network, supported by a number
of local ad hoc networks that are established on de-
mand. Local ad hoc networks are used to forward
the data onto users located outside the radio channel
range of the cell coverage. Even through this multi-
hop cellular architecture is quite effective, additional
complexity relevant to ad hoc functions needs to be
deployed on every MH. Such design is quite difficult
since MHs’ feature should be kept as simple as possi-
ble in order to save energy consumption. In addition,
the reliability issue in ad hoc network in a wide area
environment is still questionable.

This paper emphasizes on the approach that allows
BSs to change their positions according to changes of
MHs’ distribution since additional complexity will be
implemented only in BSs which are normally consid-
ered to be rich in resources, compared to MHs. One
major problem in realization of such mobile BSs is
how to solve the channel allocation problem among
BSs if BSs change their positions. Several papers [4,6]
address this problem. Most of the papers define pro-
tocol and algorithm to reallocate channel dynamically
when BSs move. In [6], the fault-tolerance issue is
also considered. A cell (i.e., mobile BS) can borrow a
channel as long as it can form a subset of cells from
which a reply message has been received and there is
at least one common available channel in the subset.
The proposed algorithm in [6] can guarantee that the
time to respond to an MH’s request for supporting a
call is upper-bounded.

Ref [7] initially proposed an algorithm which controls
movement of mobile BSs in cellular networks. The
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mobile BS in Ref [7] follows MHs by estimating the
center of MHs in its current cell for the next move-
ment period, then moves to that point. Since each
mobile BS decides to move independently with each
other, the “over/under supply mobile BS” problem
happens especially when large groups of MHs often
move. This problem leads to the reduced coverage
area of networks and under utilization of network re-
sources. The “over/under supply mobile BSS” prob-
lem is solved in this paper by the repulsive and attrac-
tive forces between mobile BSs to avoid this situation.

In this paper we also assume that the location esti-
mation and trajectory prediction algorithm proposed
in [5] is employed in BSs. This algorithm can be used
to accurately predict the next movement of MHs with
less system complexity. A robust extended kalman
filter is used to derive MH’s movment from MH’s lo-
cation and heading direction, etc. As a result, mobile
BS can follow groups of MHs more accurately.

3. SYSTEM MODEL

A system consists of a set of mobile base stations
(MBSs) and mobile hosts (MHs) connected by the
completely wireless links as shown in Figure 2. MBSs
serve as access points to networks for a group of MHs
in their radio range, i.e. cell area with radius d. The
cell size, d, of each MBS may be adjusted by increas-
ing/decreasing intra-cell radio power. An MH will be
served by only one MBS at a time even though it is
in radio range of several BSs. An MH which moves
out of cell area of its currently serving BS needs to be
handed over to another BS which it can reach. Any
of the MHs at the edge of a BS’s cell area is con-
sidered having high possibility to perform handover
procedure in the proposed algorithm. The edge area
of a cell is defined as the area in between the edge
distance, e, and the cell’s radius, d. In the model,
the fixed BS of traditional cellular network may be
thought of as an MBS with zero movement.

Fig.2: The system model.

We assume that channel allocation algorithm in
Ref [6] is used to solve a problem of inter-cell radio
frequency conflict when MBS moves. Equilibrium

distance, D, is defined as the appropriate distance
between BSs in the cellular networks which arrange
their cells to be hexagon [11,12]. The D value can
be determined by equation (1) for a cellular network
with uniform distribution of MHs.

D =+3d (1)

If the distance between MBSs is less/more than
D, they tend to be pushed/drawn together in order
to maintain such hexagon shape of topology as possi-
ble. In the proposed distributed algorithm, MBS will
collect information such as its neighboring MBSs and
MHs’ position from those MBSs. The distance C' is
defined as the cutoff distance within which an MBS
will contact other MBSs for the information. The C
value can be adjusted by increasing/decreasing the
inter-cell radio power of a BS. We assume that the
C value is more than 2D in the proposed algorithm.
Increasing cutoff distance will increase the algorithm
accuracy but have to trade with more complexity.

4. THE PROPOSED TOPOLOGY ADJUST-
MENT METHOD.

The proposed algorithm uses the approach which
changes positions of MBSs in following groups of MHs
and, at the same time, controls groups of MBSs so
that they will not be too scattered or too condensed.
Generally, each MBS will find necessary information
either by calculating by itself or by collecting from its
neighboring MBSs as described in section 4.1. Then
location adjustment forces, influenced by both group
of MHs and neighboring MBSs will be calculated ac-
cording to procedure in section 4.2. Finally the move-
ment decision algorithm explained in section 4.3 will
be executed. Note that each MBS will execute the
algorithm periodically and independently with each
other. Even though MBSs run algorithm indepen-
dently, the corporations among MBSs occur from the
movement forces proposed in the algorithm.

4.1 Position Information Exchange

The position of an MH, h; ,, and the position of a
neighboring MBS, O, ,, can be tracked by the MBS
whose cell area covers the MH and the neighboring
MBS is in the range of the cutoff distance C. The
tracking algorithm is based on adaptive smart an-
tenna [16,17] and prediction method as in Ref [5].
Each MBS will exchange the position information of
MHs in its own service area with the neighboring
MBSs. Thus each MBS at the position b, B, ,, have
enough information to calculate the following param-
eters used in the proposed algorithm.

e Np: The number of MHs within its service area

when the MBS is at the position b.

e FEjp: The number of MHs within the edge of its

service area when the MBS is at the position b.
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. F},(M H): The force influenced by MHs within its
service area when the MBS is at the position b.

° l?b(BS ): The force influenced by neighboring
MBSs within its cutoff distance C' when the MBS
is at the position b.

4.2 Location Adjustment Forces

There are two type of forces influenced by group
of MHs (within service area with radius d) and group
of neighboring MBSs (within cutoff distance C).

4.2.1 Forces between an MBS and its covered MHs

MBSs try to follow groups of MHs within its ra-
dio range by calculating the centroid of MHs as in
equation (2). The centroid is the point where sum
of weighted distances (reversely proportional to radio
signal strength) from MHs is minimized. Then, the
force which attracts the MBS to the group of MHs can
be found as in equation (3). Figure 3 shows its con-
ceptual diagram. The direction of the force is from
the current position of the MBS to the centroid posi-
tion and the size of the force will be proportional to
the distance between the current position of the MBS
and the centroid position.

Fig.3: Force between an MBS and its covered MHs
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Where,

k. is the proportional constant.

(Cb,CP) is the (x,y) position of the centroid for
the set of covered MHs, S® , when the
MBS is at the position b, (B, By).

R, h;, is the (x,y) position of the it MH.

w; is the weight of the ith MH.

Z is the unit vector in the x-axis direction.

9 is the unit vector in the y-axis direction

This force between MBS and MHs will be used in the
movement decision algorithm. The weight wi gives
a difference preference to an MH to which the MBS
will move closer. The closer distance between an MBS
and an MH is, the higher quality of service the MH
will get. This is due to stronger radio signal and lower
possibility to be handed over to other MBSs. There-
fore, the w; of MHs which have similar characteristics,
e.g. average holding time, type of service or antenna
power gain, and require the same quality of service
should be set to the same value in the real operating
environment.

4.2.2 Forces between an MBS and its neighboring
MBSs

In order to prevent the ”over/under supply MBS”
problem, movement force among MBSs is defined so
that MBSs will be arranged themselves to the equi-
librium hexagon shape [11,12]. Figure 4 shows the
resultant force influenced by 2 neighboring MBSs at
the considered MBS. A pair of an MBS and the i*"
neighboring MBS, whose distance is less/greater than
equilibrium distance, D, will have repulsive/attractive
force, Fg’i, as in equation (4). The force’s size, |L?|,
is half of the difference of those distances. The half is
derived from the concept that the force should be spilt
to equally influence each of the considered MBS-pair.
(Note that, if there is only the considered MBS-pair
in the system and each MBS is influenced to move
by the half value, the desired D distance should be
achieved.) For an MBS at the position b, B, ,, the
resultant force will be the weighted sum of all forces
from its neighboring MBSs within the cutoff distance,
C, as defined in equation (7).

Fig.4: Force between an MBS and its neighboring
MBSs
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Where,

kyrBs is the proportional constant.

(0} ,,0¢,) is the (z,y) position of the i'* MBS in
the set of neighboring MBSs, M?,
when the considered MBS is at the
position b, (B, By).

v; is the weight of the it" MBS.

By setting different value of the weight vi to each
MBS, it is possible to make the force, F_b,;7 influence
each of the MBS-pair at different level. Higher vi will
drive the movement of the other MBSs more than
the lower value. In the real environment, the MBS
with less mobility (less preference to move) will be
assigned higher value of v; .

4.3 Movement Decision Algorithm

The movement decision algorithm is designed with
the following objectives.

(A) Maximize the number of serviced MHs.

(B) Minimize the possibility of call (connection)

blocking or discontinuation as possible.

(C) Maximize coverage area as possible.

Figure 5 shows the movement decision algorithm
for an MBS. The algorithm has two phases: move de-
cision phase and next position determination phase.
Periodically, each MBS will start the algorithm by
deciding whether it should change its position or not.
The number of serviced MHs, N, the number of
edge MHs, E.,., the MHs’ force, ZEA)(MH)7 and

the MBSs’ force, }TM)(BS), are calculated. The Ny,
is firstly considered whether it is more than zero or
zero. In the first case (Ngyr > 0), it will check fur-
ther on the additional two parameters. If the MHs’
force is greater than zero and the E.,, is more than
the threshold edge MHs, F,,4., then it will consider
changing its location to the next better location. The
direction of the movement will be the direction of the
MHs’ force and the tentative next position will be
far apart from the current position with the distance
equal to the size of MHs’s force. Note that the MHs’
force is primarily considered in order to realize the
objective (A), by making an MBS follow groups of
MHs as much as possible. The objective (B) is real-
ized by considering the edge MHs. The movement of
MBS should be kept as few as possible since it may
generate the calls’ discontinuation causing from MHs’
handover procedure. In case of high value of the cur-
rent edge MHs, it is worth changing the position since
the possibility of MHs” handover is quite high. In the

second case (N = 0) or the isolated MBS, it will
consider changing its location to the next better lo-
cation by taking into account the influences from its
neighboring MBSs, FTU;(BS). The direction of the
movement in this case will be the direction of the
MBSs’ force and the tentative next position will be
far apart from the current position with the distance
equal to the size of the MBSs’ force.

Wait until
the next decision lime,

Calculate

N JF(MH ), F_(BS)

false

Move decision

Next position Set the mexr position to | | Set the mext position 1o
determination the end point of vector the end point of vecter
phase F_ (M) F(BS)
Starting from the Starting from the
current position current position
Caleulate
» N, and F_ (BS)

Modify the next position
Decreasing its distance

by &

false -

|Foni8) <[F_ (8S)

Move to that mexr position

Fig.5: The movement decision algorithm.

The next phase determines where should be the
next best position. It starts by setting the tentative
next position as mentioned above. Then the following
two conditions are tested for that next position.

e The number of covered MHs at the tentative next
position is greater than the serviced MHs at
the current position, and

—

e The size of neighboring MBSs’ force, F,eq.+(BS),
at the tentative next position is less than that of
at the current position,FTu;(BS).

The first condition guarantees that the next posi-
tion should cover more MHs than the current posi-
tion. At the same time, the second condition consid-
ers the objective (C) so that the next position should
be in balance with other MBSs better than the cur-
rent one. Too scattered or condensed MBSs will gen-
erally give larger size of the parameter. If those condi-
tions are satisfied, the MBS will use that next position
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for the movement in this period. Otherwise it will
modify the tentative next position by decrementing
the distance from current position to that tentative
next position by the delta parameter, ?‘b(BS), then
begins testing the conditions again. Those steps are
repeated until those two conditions are satisfied or
the tentative next position becomes the current one.
In the last case, no movement happens in this period.

5. PERFORMANCE EVALUATION

Event-driven simulations are conducted to evalu-
ate the performance of the proposed algorithm, com-
paring to the traditional cellular network with pre-
designed fized BSs [12] and the cellular network with
mobile BS movement using the centroid based algo-
rithm [7].

Three performance metrics, which are the coverage
area, the call (connection) failure and the MH in ser-
vice, are defined. The coverage area is the geograph-
ical area in the simulation which can be reached by
the radio signal of at least one base station. The MH
in service is the number of mobile hosts which can
contact to a base station and can make the call or
connection. The call failure is the number of events
including the following three cases.

e Call drop: An MH cannot acquire a communica-
tion channel from a new base station, when it moves
to the new cell area, since all available channels are
occupied by other MHs. Then the current connection
is terminated.

e Call blocking: An MH can contact to a base sta-
tion but all available channels of the base station are
occupied by other MHs when it is going to make a
connection.

e Qut-of-service call: An MH cannot reach a base
station when it is going to make a connection.

In the simulation, MBSs will be initially simulated
as the hexagon shape of the cell layout with equal
amount of MHs generated with normal distribution
(See appendix A) in each cell. The base station uses
intra-cell radio power which can cover geographical
area with the radius, d, of 5 km. The edge distance,
e, is set to 85% of d, or 4.25 km. The inter-cell radio
power is set so that the cut-off distance, C, is 2D or
17.32 km. After the initial state, MHs are simulated
to move randomly. Each MH’s motion is randomly
generated from the speed within the range of 11 m/s
(40 km/hr) up to 20 m/s (72 km/hr) [7], indepen-
dently with each other. The MBS will move according
to the topology adjustment algorithm with the speed
40 km/hr. The threshold edge-MH, E,,,., of the pro-
posed algorithm is set to 15% of the capacity of each
MBS. The max concurrent call for each base station
is set to one-tenth of the capacity of each base station.
The average time for the randomly generated call is

set to 1.5 minutes [18,19]. For the simulation in each
scenario, fifty thousand simulations have been run,
the average values of considering metrics are plotted
in the graphs. Note that the fixed base station of the
traditional cellular network is modeled as the MBS
without any movement.

Figures 6, 7 and 8 show the results of the first scenario
in which 20 BSs are generated in the system and 280
MHs are randomly generated in each BS. Therefore,
there are 5,600 MHs in each network and each BS can
support a maximum concurrent call of 28 calls.
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Figure 6 shows the results of MH in service of the
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proposed algorithm, centroid-based and the fixed net-
work. When the simulation starts (time=0), each
MBS is equally filled by MHs at its max capacity
(280). Since the number of MHs within each MBS
does not exceed the MBS’s capacity, the MH-in-
Service of all algorithms starts at 100%. Later on,
each MH moves randomly. The number of MHs in
MBSs becomes unbalanced. Some MBSs have to ser-
vice MHs more than its own capacity while some need
to service only few MHs. As a result, the average MH-
in-Service of all algorithms begins decreasing. The
rate at which the MH-in-Service decreases depends
on how properly the algorithm can move according to
the MHs” movement. Finally, it reaches to the steady
state where there is a balance between MHs moving
in and out MBSs. As a result, the MH-in-Service
becomes unchanged. Based on the results in Figure
6, the proposed algorithm can adjust MBSs’ topol-
ogy according to the MHs’ movement better than the
others since it can reach the steady state faster than
the others and its final MH-in-Service is also higher
than the others. The proposed algorithm outperforms
approximately 7% and 17% over centroid-based algo-
rithm and the fixed base station network respectively.
Figure 7 shows the coverage area of three algorithms
starting from the beginning to the steady state. As
expected, the proposed algorithm can cover more area
compared to the “Centroid”. Note that 100% of cov-
erage area can be achieved by the “Fixed” along the
simulation time since the MBSs in the “Fixed” do
not move at all. Even the MH-in-Service and the
Coverage-Area improvement of the proposed algo-
rithm over the “Centroid” may not be large in this
simulation scenario, its improvement in the number of
call failures is significant, which is illustrated in Fig-
ure 8. The number of call failures in MBS network
with the proposed algorithm is at only one-third of
that in centroid-based approach, and at one-sizth of
that in fixed network. The reasons of performance
boost up of our proposed algorithm are that the pro-
posed algorithm considers the corporation between
MBSs, so there is less overlapped cell area in this
network. As a result, the number of MHs in service
becomes increased. Moreover, the distance (between
MBSs) consideration will guarantee the smooth hand-
off of MHs. This leads to a low possibility of occurring
call drops, and out of services MHs.

In the second scenario, we simulate the high density of
MHs in some cells to which large population of MHs
will move. There are 20 BSs in each network and
280 MHs are randomly generated in each BS at the
initial state. Then some area in the network (approx-
imately 25% of total areas in the system) becomes
popular later on. For the simulation, 75-80% of MHs
belonging to each cell move towards the target pop-
ular areas, and the minority of MHs are still in their
own cell. Each BS can support maximum concurrent

calls of 28 calls. Figure 9 depicts the MH-in-Service
of the three networks.
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The performance improvement of the proposed algo-
rithm over the centroid-based and the fixed network
are now 12.5% and 43% respectively, better than in
the normal distribution of MHs scenario. The reason
is that the proposed topology adjustment algorithm
is designed with respect to arranging their cells to
be hexagon in order to fulfill the high coverage area
and the minimum overlap area at best, contrasting
to the centroid-based algorithm which will only move
toward the group of MHs and will not consider the
distance between MBSs. Therefore, the proposed al-
gorithm will not abandon the area with few MHs in
order to only cover the majorities of MHs like in
centroid-based algorithm. This can be seen in Fig-
ure 10 where up-to 30% of coverage area in the net-
work can be improved and the ”over-supply MBS”
phenomenon which happens in the centroid-based al-
gorithm has been solved by the proposed algorithm.
Moreover, the proposed algorithm still considers the
center of covered MHs to be a factor of making de-
cision so MBSs can fulfill both MHs in service and
coverage area at the same time. Consequently, MBS
can be used more effectively and the call failure in-
cluding call drop, call blocking and out of service MH
become quite low even in the event of congestion of
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MHs. This is shown in Figure 11 in which the pro-
posed algorithm can maintain the increase in the call
failure at only 8% while the increases are at 17% and
30%, compared to the case of the centroid and the
fixed base station.
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Fig.11: Call Failure in case of congestion of MHs
in popular area.
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Fig.12: MHs in Service in case of base stations’
failures.

In the third scenario, BSs’ failures are simulated
with other parameter settings the same as in the first
scenario. The MH in Service of the 150" minute is
plotted corresponding to the number of base stations
remaining in the system. As shown in Figure 12, the
proposed algorithm still works well and can track the
upper limit line in the 1st part (less than 30% of base
stations’ failures). The performance of the proposed
algorithm drops quickly and converges to the result
line of the centroid algorithm on the 2"¢ part (fail-
ures between 30% and 75%). In this part, only few
cooperation between MBSs happens since the num-
ber of base stations is low. Therefore the behavior of
our algorithm becomes quite similar to the centroid
algorithm. In the 3" part where number of base sta-
tions is very low, there will be MHs in any place to
which base stations reach. Thus the results of both
algorithms converge to the upper limit line.

In our next analysis, the performance of the proposed
algorithm is studied according to the adjustable pa-
rameter, i.e. the E,,.;, of the proposed algorithm.
Figure 13 shows the Relative Call Failure (%), which

is defined as the number of call failures of the MBS
network with the proposed algorithm divided by that
of the fized network, when the E,,,, is varied from
1% to 50% of the maximum capacity of an MBS in
the network and the other simulation settings are set
as in the 1st simulation scenario. Each line (2% MD)
illustrates simulation results of the networks with dif-
ferent MH density (MD), which is defined as the num-
ber of MHs generated in the system compared to the
maximum number of MHs supported by all MBSs at
their maximum capacity.
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Fig.13: Relative Call Failure vs. Emazx in case of
40%,60%,80%,100% and 120% of MH Density (MD).

Based on the results, there is the same trend of
the changes in the proposed algorithm’s performance
among different MH densities according to the E,,qz
setting. When the E,,q. is set too low (Epee = 1%
), there is high possibility that MBSs move too often,
i.e. every times of the movement decision schedule.
As a result, the handover possibility in the system is
very high, thus the consequent call failures become
quite high. When we increase the F,, ., the call fail-
ure line declines until it reaches to the point of the
optimal E,,,, value where the call failure is at the
lowest value (the best performance) since there is a
balance between the possibility of the MBSs’ move-
ments and the MH density. After that the call failure
becomes increasing until it reaches to the steady state
where the increase of the E,,,, value rarely affects to
the number of call failures. When the exceeds the op-
timal point, the frequency of MBSs’ movements turn
to be lower than necessary. However, if the reaches to
the point which is large enough to make the number
of MHs within the edge area become rarely possible,
then the possibility of MBS’s movements become un-
changed. This is the range of the steady state in the
relative call failure line. The E,,,, should be set to
the optimal value in order to make the proposed al-
gorithm perform at it best. In addition, we found
that networks with higher MH density require lower
value of the optimal F,,q,. This is because the pro-
posed algorithm should allow MBSs to move more
often (lower Fy,..) when MHs density is quite low
and to move less often (higher E,,,,) when MHs in
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the network become quite condensed in order to let
MBSs follow groups of MHs more properly. The rela-
tionship between the optimal FE,,,, against the MH
density of the networks is illustrated in Figure 14.
As shown in the figure, the relationship between the
Ena and the MH density seems to be a linear func-
tion with positive slope, especially in the real network
operating range, i.e. MH-density between 40-100%.
Note that each plotted optimal F,,,. is the estimated
(extrapolation) lowest point from the RelativeCall-
Failure& F,, 4, curve of each case of the MH density.
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Fig.14: Optimal Epq, vs. MH Density.

6. CONCLUSION

We have provided a distributed algorithm for
topology adjustment for wireless networks with mo-
bile base stations. We employed the approach in
which base stations appropriately moves according to
changes in subscribers’ population. In the proposed
algorithm, we extend the existing centroid based al-
gorithm by adding the concept of forces between base
stations, instead of only the forces from mobile hosts.
Both forces are properly used in our proposed algo-
rithm to solve the problem of “over/under supply
base stations” happening in the existing algorithm.
The simulation results proved that the proposed algo-
rithm outperforms the existing one, especially in the
cases of overload capacity and the base station fail-
ure. In addition, the proposed algorithm can be used
in the migration period from the fixed base stations to
the full mobile base stations since it is designed as the
distributed algorithm in which each mobile base sta-
tion uses only information acquired by itself. Even
though the proposed algorithm can achieve better
performance than the existing algorithm, it should
be noted that the performance gain is traded with
higher computational requirement. Compared to the
centroid algorithm, the proposed algorithm requires
more computation in calculating the F (BS). However,
the additional computation can be limited by setting
appropriate cut-off distance, C, of the algorithm. For
example, the additional computation of the proposed
algorithm is only about 1.4 time of that of the cen-
troid in the simulations with C' = 2D setting. In

the future, further investigation will be done on ap-
plying this algorithm to multi-hop cellular network
with mobile base station in which the last mile of
base stations can be extended by the localized ad hoc
networks dynamically.

7. APPENDIX A

MHs are generated within a coverage (cell) area of
an MBS according to the normal distribution whose
probability density function is defined as in Equation
(A.1). Note that the x-y coordinate (0,0) is set as the
location of the MBS. When the variance, o2, is set to
1, the probability density function can be shown as
the Figure 15.

(A1)

Fig.15: The probability density function of the nor-
mal distribution used to generate MHs within the cell
area of an MBS.
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