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Design and Evaluation of a Fuzzy Multicast Method for Seamless
Communication in Mobile Wireless Networks

Yoon-Jeong Kim' - Iha-Han Bae!!

ABSTRACT

The goal of seamless communication is to provide disruption free service to a mobile user. A disruption in mobile service could occur due
to active handoffs, There are many user applications that do not require total guarantee for disruption free service, and also not tolerate very
frequent distuptions. This paper proposes a fuzzy multicast method that provides a linguistic guarantee for disruption free service, The linguistic
guarantee for disruption free service is specified by a mobile user, then the proposed method forecasts the direction and velocity of a mohile
host, and data packets for the mobile host are transmitted to & part of neighbor cells instead of all neighbor cells by the fuzzy logic. Based
on the results of simulations, we know that the {ollowing details. Firstly, the fuzzy multicast method significantly reduces the static network
bandwidth usage and also provides linguistic guarantee for disruption free service. Secondly, the probability of disruption free service is
determined both by the linguistic QoS of mobile users and the direction of mobile hosts. Spectally, the probability of disruption free service is
affected primarily by the linguistic Qo5 of mobile users. Accordingly, we conclude that the fuzzy multicast provides excellent differential service
for disruption free service with specifying linguistic QoS of mobile users.

FHE: Ol MY (Mabile wireless networks), 228 E4l(seamiess communication), ©F XF MulAidisruption tree service).
QoS, HA| =e|{fuzzy legic)
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1. Introduction

Moaobile computing refers to an emerging new computing
environment incorporating with both wireless and wired
high-speed networking technologies. In the near future, it
is expected that millions of users will have access to a wide
variety of services that will be available over high—speed
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networks. .

When a mobile host (MH) 1S engaged in a call or data
transfer, it will frequently move out of the coverage area of
the mobile support stations (MSSs) i is communicating
with, and unless the call is passed on to another cell, it will
be lost. Thus, the task of forwarding data between the static
network and the mobile user should be transferred to a new
cell's MSS. This process, known as handoff, is transparent
to the mobile user, Handoff helps to maintain an end-to-end
connectivity in a dynamically reconfigured network topology.
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To illustrate some of the unique features of the mobile
computing environment, we consider a situation where sev-
eral mohile users have opened high-bandwidih data connec-
tions. When these data connections are sel up, the network
ensures that the users receive some guaranteed quality of
service (such as delay and jitter bounds, minimum and max-
imum bandwidth requirements and maximum loss bound,
etc.). Since these users are all mohile, it is possible that many
of them could move into the same cell. In such a situation,
it is more likely that the available bandwidth of the cell could
be exceeded and the original quality of service parameters
will be violated. This situation does not arise in high-speed
networks because users are not mobile during the lifetime
of the connection [2].

Mobility of users is attended with several network mana-
gement problems. These problems are generally classified
into mobility and connection management. This paper deals
with the seamless communication problem that provides dis-
ruption free service to mobile users, which is related to the
connection management in mobile wireless networks. Pro-
viding disruption free service is much stronger requirement
than simple connection-oriented services. In addition to
maintaining the connection, it need o guarantee that the
delay experienced by the data packets over the network is
less than some fixed time called deadlines. The deadtine is
determined by the quality of service (QoS) according to the
requirements of the users. The goal of searnttess commumni-
cation is to provide disruption free service to a mobile user.
Disruption in mobile service could occur due to active hand-
offs since traditional protocols require the old MS5 to for-
ward data packets to the new MSS. Thus, every time a
mohile user moves into a new cell during the connection
(active handoff), the user could see some break in service
while data get forwarded to it from the old MSS via the
new MSS. The number of disruptions seen by the user
depends on the number of handoffs incurred during the
lifetime of the connection. The number of handoffs depends
on the mobility pattern of the user (1, 21

This paper proposes a fuzzy seamless comnunication
method that provides linguistic guarantee for disruption free
service. The method forecasts the cell latency of a mobile
host and the neighboring cells in which the mobile host will
be handoff potentially by using the MH's velocity and direc-
tion. Then the data packets for the mobile host are trans-
mitted to only a part of neighboring cells based on the fuzzy
logic after a staggered time. The method significantly re-

duces the static network bandwidth usage and also provides
a bngustic guarantee for disruption free service,

The remainder of this paper is organized as follows, Sec-
tion 2 hriefly describes the model of the mobile computing
system that is assumed in the rest of the paper. Section 3
describes related works for seamless communication in mo-
hile wireless networks. Section 4 proposes a fuzzy seamless
communication method considering mobility prediction that
provides a linguistic guarantee for disruption free service.
Section 5 evaluates the performance of the proposed method
through a simulation study. Finally, concluding remarks are
presented in section 6.

2. System Model

The logical view of the mobile computing system consid-
ered in this paper 1s shown in (Figure 1). A host that can
move while retaining its network connections is a mobile host
(MH). The infrastructure machines that communicate directly
with the mobile hosts are called mobile support stations
(MSS). A cell is a logical or geographical coverage area under
a M55, Al MHs that have identified themselves with a
particular M55 are considered to be local to the MS3. A MH
can directly communicate with a MSS only if the MH is phys-
ically Yocated within the cell serviced by the MSS. At any given
instant of time, a MH may belong to only one cell; its current
cell defines the location of a MH. Each MSS of cells maintains
the location information for local MHs (see (Figure 2)). The
location information, such as the Mid's velocity and the MH's
direction, is obtained through deregister and register mes-
sages those are exchanged between old MSS and new MSS
when the MH is handoff,

Wireless cei Wireless cell
P MH * Y - & MH » MH N
| * MH !
y MsS ‘ -
WIRED NETWORK e
é M35 ‘ ; MES y
., *MH “. eMH eMH S
Wireless ool V;f:;élés_g ‘éé”

(Figure 1) Logical view of a mobile computing system
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* reg_time | the system time that the mobile host is rehistered at the
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= velocity @ the average velocity of the mobile host

{Figure 2) The location information for MH in MSS
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3. Previous Work

Previous works for seamless communication that guaran-—
tees disruption free service are as follows. Ghai et al. [1]
proposed a multicast based solution for disruption free ser-
vice. In this approach, since data packets for a MH are
transmitted to the MSSs of the neighboring cells, there are
data packets already waiting for it when the MH moves to
anew cell, and thus there is no break in service. It is evident,
however, that this approach is not effective for cost. As the
number of users in the network increases, the amount of
network bandwidth used up by the multicast connections is
going to be high exponentially,

Singh [2] identified two additional QoS parameters those
are essential to specify grades of service for mohile users.
These parameters are loss profiles and probability of seam-
less communication; where, loss profile specifies a preferred
way of discarding data packets when the bandwidth required
within a cell exceeds the available bandwidth. Depending on
the type of application, a mobile user may demand various
probability of seamless communication. Based on the user de-
mand, the composition of & group and the time that cells
in a group begin predictive buffering are determined. In this
approach, the data packets for a mobile host are transmitted
to all the MSSs of neighboring ceils, so that network band-
width 1s wasted since all the MSSs of neighboring cells buffer
data packets from the time that begins predictive buffering.

Bakshi et al. [3] proposed a staggered multicast approach
that avoids unnecessary multicast to all the MSSs of neigh-
horing cells during the connection period by using cell laten-
cy. The cell latency solely depends on the mobility model
of the mohile host. Two mobility models: pessirmistic and
optimistic were proposed to compute the cell latency. The
performance of the stapggered multicast was evaluated with
the overhead of network bandwidth. In this approach, even
though the transmission time for data packets to all the
MS5Ss of neighboring cells is delaved, but the transmission
manner for data packets to the MSSs of neighboring cells
is the same [1, 2],

Aljadhai et al. [8] proposed a framework to support pre-

dictive timed-QoS guarantees in wireless environments.
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The main components of the framework include a service
model for QoS guarantees, a path prediciability model, and
a call admission control scheme. The framework determines
the most likely cluster (MLC) of the MH, then estimates
both the earliest and the latest arrival time and latest depar-
ture time for the MLC. The call admission control determines
the feasibility of admitting a call using these estimates by ver-
ifying that enough resources are available in each MLC cell.
In [8, 12], a probabilistic multicast method for seamless
communication is proposed, where the mobility direction of
a mohile host is computed by exponential averaging, the
handoff probability to each cell is computed by the numerical
integration of probability density function. Because data
packets are transmitted to a part of neighboring cells, this
method provides better performance than other methods.
We propose a fuzzy multicast that provides a linguistic
guarantee for disruption free service. Based on the location
information for a MH in the MSS, the fuzzy multicast
estimates the MH's velocity and direction, and forecasts both
the cell latency of the MH and the neighboring cells where
the MH will be handoff potentially. So, the data packets for
the MH are transmitted 1o only the MSSs of the forecasted
neighboring cells by the fuzzy logic after a staggered time.

4, Fuzzy Seamless Communication Method

In this section, we propose the fuzzy multicast that trans-
mits data packets to only the neighboring cells where a mo-
bile host will be handoff potentially, after a staggered time.
To design the fuzzy multicast, the system has the mobility
information of a MH such as mohile direction and velocity.
Then, the system determines a multicast group and a mul-
ticast time using fuzzy logic and defuzzifier on the basis of
the mobility information.

4.1 Maobile Diraction

The mebile direction of a MH is estimated by the history
of recent handoffs. The history represents the handoff from
any cell among six neighboring cells to the current cell {see
(Figure 3)). The forecasted mobile angle of the MH is
computed by adaptive-response-rate single exponential
smoothing method (ARRSES) [10]. The basic equation for
forecasting with the method of ARRSES is as follows:

Fi1 = a Y, +(l—a))F, {1)

A,
where o, = | 57
P i 7, I
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Ag = 5E:+(1_B)A1—1
= BlErl +(1_B)Mr—1
E = Yi—F

S
|

In equation (1), Y; represents the average angle that the
MH enters from the last cell to the existing cell, F: represents
the forecasted mobility angle of the mobile host at the last
MSS, and £ is a parameter that has the value between {
and 1. These are initialized as follows:

Fr =Y
Az = Az = Ay == 02
A} = M} =0
MSS:
120" 2n/3) % 60 3}
MSSa n 2ERER S e,

s % -------------- O Q)

3 (307, 1rfe) 1210, T/
MSS, 6 (1507, S /6)
430, =/6) MSSs
2464w 13 % 300'. Erl3)

MESs

{Figure 3) The average angle that the MH enters according to
mobite direction

4.2 Mobile Velocity

When a mobile host erosses over cell boundary, the mobile
direction of the mobile host is represented as the angle ¢,
that is, angle between the direction of the mobile host and
the direction from the mobile host to the center of a cell as

shown in (Figure 4).

{Figure 4) The distance from paint A on cell boundary to
point B on cell boundary

If we assume that the mobile host moves to any directions
with equal probability, the random variable has ¢ the pro-
bability density function (pdf) as follows:

1

Tt

__lsdjsl
I N L

elsewhere
The distance r 15 computed as follows:
r = Rcosé

Where, I represents the hexagonal cell radius. If we assume
that all the radiuses of cells are the same, the average cross—
ing distance d is computed as follows:

_1r® __2R
d = pe Rcos dp= -

o

Let -1 be the system time of the last registration for the
mobile host, and £ be the system time of the current regis-
tration for the mobile host. The velocity of the mobile host
is estimated as in equation (2).

_ d
v = ——w (2)

The cell latency is the period of time that the mobile hest
1s going to remain in the same cell. The average cell latency
Tr is computed as in equation (3).

= o= =T &)

Accordingly, the mobile host resides in the cell during the

average time units Th

4.3 Fuzzy Multicast

The sequence of actions undertaken by a fuzzy multicast
method i1s depicted in MSC {Message Sequence Chart) of
(Figure b). The information of the cell latency and the mem-
bership degree that a MH will be handoff in each neighboring
cell from the current cell are necessary fo design the fuzzy
multicast. First, the current MSS predicts the mobility of a
MH such as mobility direction and cell latency, then deter—
mines basic fuzzy set for each neighboring cell using member-
ship function. Second, the current MSS composes the multicast
group for the MH using control rules, then computes a multi-
cast time using the defuzzifier of linguistic guarantee for dis—
ruption free service. Third, data packets for the MH are trans-
mitted from the current cell to the target MSSs in multicast
group after a staggered time. At some time after the multicast
of the MH, the MH executes a handoff operation. Fourth, the
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MSS in which the MH has actually been handed over notifies
the previcus MSS during handoff. To clear the data packets
for the MH from target MSSs where the MH doesn't actually
handed over, the Clear_Msg{MH_ID] is transmitted from the
previous MSS to the target MSSs.

Tergst MSS, Terget M35z Motile Host

Currenl MSS

Staggered_Muticast ([MH_ID, Msg]
Staggered_Multicast|[MH_ID, Msgl
Hando#
Clear_Msg {MH_ID]

(Figure 5) Message sequence chart for fuzzy multicast

4.3.1 Membership Function

The membership functien that represents the degree of
handoff from the current cell to each neighboring cell is
determined as follows; A variable x for adjacent angle of
each neighboring cell is transformed to the standardized

—F .
Lt O_'“ . Where, Fei is the forecasted
mobile angle computed as in equation (1), and ¢ is the stan-
dard deviation for mobile angle. Let NC be the fuzzy set named
“neighboring cells” where a MH can be handoff. The membership

function to charactenize NC 1s shown in {Figure 6).

variable z hy z=

1

09
o8 [ - -
0.7
0.6
05 - -
0.4
9.3
0.2
arF - - -
o

Mambership degree (Mnc(z))

=34 27 22 18 5 < D7 03 BT 9% 0% O3 17 %Y 23 29

Mobile angle (z)
{Figure 6 Membership function for NC

The fuzzy set can be defined by the membership function
as In equation (4).

=
-
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tuclz)=e 2 (4)

The normalization of the fuzzy set for nelghboring cells
is shown in <Tahle 1>,

{Table 1> The normalization of fuzzy set for neighboring cells

Membership Normalized Normalized Basic fuzzy sct
Function full set Regions
[0.00~015] VL
[0.16~0.40] L
Hac(z) {0.00~1.00] [0.41 ~(55] M
[056-~0.75] H
[0.76~1.00] VH

4.3.2 Control Rules

The fuzzy logic is used for construction of multicast group
1o which data packets for a MH are transmitted. The mul-
ticast group consists of neighboring cells according to the
degree of disruption free service specified by the user and
handoff for neighboring cell. The user of a MH can specify
one out of five guarantees for disruption free service such
as VS, 5, M, W, VW, and the basic fuzzy set to which each
neighboring cell belongs to is determined from <Table 1>,
Rules for multicast group construction is shown in <Table 2>.

{Table 2> Rules for the construction of multicast group

DFS Ne VH H M L VL
VS MMG MMG MMG MMG MMG
5 MMG MMG MMG MMG | NMMG
M MMG MMG MMG | NMMG | NMMG
W MMG MMG NMMG [ NMMG [ NMMG
VW MMG | NMMG | NMMG | NMMG | NMMG

{input variahles) NC : neighboring cell

DFS : guarantee degree of disruption free service
(linguistic)
VS-Very Strong, 5-Strong, M-Medium,
W-Weak, VW-Very Weak

MMG : a member of multicast group
NMMG : a non-member of multicast group

{output variable)

4.3.3 Defuzzifier

A system has the cell latency T for a MH, and the multi-
cast doesn't need to be done during that period of time. The
fuzzy mullicast is to stagger the multicast initiation by the
amount of time one is sure that the MH remains within a
cell, i.e, for a time interval equals to the cell latency.

Let P, be the probahility of disruption during the i-th hand-
off, s be the staggered time that can be safely introduced
before initiating a multicast, & be the cell latency before the
i-th handoff, and ¢,, be the time spent in multicast mode

before the i-th handoff. Also, let NC,, be the set of the
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neighboring cells where data packets are transmitted before
the ~th handoff.

A disruption occurs when a mobile host initiates a handoff
before multicast has not been initiated or the cell ¢ where
a MH moved by the /-th handoff doesn't exist in NC,,.
Then, the probability of disruption during the i—th handoff

can be given as:

Py = Prlt> t; o ¢; & NC,. ]

If the number of handoffs occurring over the length of the
connection time 7. is NV, the average probability of disrup-
tion during a handoff, Py is determined as:

2

»

Py
i

- L
Pa = Ny i

In the fuzzy multicast, when a call is established between
a MH and a MSS, a linguistic guarantee for disruption free
service is setting by a mobile user. To compute the muiticast
and the staggered times, defuzzifier maps from a linguistic
guarantee for disruption free service fo a probability of
disruption free service Py (as in equation (5)), where Py
= 1-Pyg Then, total guarantee is Par= 1.0, and other guaran-
tees are Pqr < 1.0. Accordingly, the multicast and the stag-
gered tumes for the MH are computed as in equations {(6)
and (7), respectively.

Vs 1.00

S 0.75

defuzzifier|| M = {0.5
W 0.40

vw 0.15

Py = defuzzifier (a linguistic guarantee for
disruption free sevvice) (5)

tw, = Py> T (6

b, = Ty —ta, (7)

5. Performance Evaluation

In this paper, we evaluate the performance of the fuzzy
multicast through a simulation. The simulation pararmeters
are shown in <Table 3>. Generally, mobile users have nat only
mobility patterns but also movement directions. Accordingly,
we assume that the MH moves at an average angle of 180
degrees with an average standard deviation between 45 and
90 degrees. Also, the velocity of the MH is considered from
a low-speed vehicle (24 Km/hr) to a high-speed vehicle
(&4 Km/hr), and the cell radius covers various sizes of micro
cells.

{Table 3> Simutation parameters
Data value —|
N(x ()

400E 100, 6001 162, 900225, 1150+287,
1400350 m/min (random)

Parameter
Mobile direction (F)

Mobile velocity (v)

Standard deviation for
mobile direction (sd)
Cell radius (R7)

af2, 2x/5 x/3, 2x/7, =m/4

100. 200, 300, 400, 500 m

Let the mobite network is based on the hexagonal cell mod-
el where one neighboring cell exists at every z/3in0=< <2x
(see {figure 3)). The number of neighboring cells on a cell,
ne is 6, where the neighboring cell which is adjacent to 0 < #<
7/3 is called the /-st neighboring cell, the neighboring cell
which is adjacent to #/3< <2x /315 called the 2-nd neigh-
boring cell, and so on.

We made 200 times of handoffs in the simulation, then
simulation results are analyzed and evaluated by 150 times
of handoffs from the 51-st handoff to the 200-th handoff.
The performance of the fuzzy multicast scheme is evaluated
by the bandwidth overhead of multicast scheme given as
in equation (8). '
L HCm

X

T, ne

Overhead = =100 (8)

N-—h Ny
where, T,= Z} b, Ac=6X N, and ne,, Z; | NC. | .

(Figure 7) shows the performance of the multicast sche-
mes according to linguistic guarantee for disruption free ser—
vice. In the case that the linguistic guarantee is VS, it is
known that the performance of the fuzzy multicast (FM) is
equal to that of the mufticast (M) and the staggered multi-
cast (SM). However, in the other cases of linguistic guaran-
tee, the performance of FM is better than that of M and SM.
Also, we show that our performance and the performance
of the probabilistic multicast {PM) are much the same, but

120

100

&0

60

Qverhead

40

20

VE] S M w Vw
Lingu-skc guaranlee

(Figure 7) The overnead of multicasts according to linguistic
guarantee: v = 90 £225m/ min, sd= 7 /3. R=300m
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the nurmber of guarantees of our method is much more than
that of the PM (see {(Figure 8)). In the simulation of PM,
the probabhility corresponding to linguistic guarantee is get-
ting from defuzzifier equation (5). Therefore, the fuzzy mul-
ticast significantly reduces static network bandwidth usage,
also provides hetter QoS than PM for the same degree of

linguistic guarantee.

Number of Disruption free service

Linguistic guarantee

(Figure 8) The comparison of the number of disruption free
services between FM and PM acoording to
linguistic guarantee

(Figure 9) shows the probability of disruption free service
according to both linguistic guarantee and mobile deviation.
From this figure, we know that linguistic guarantee is get-
ting better and mohile deviation is getting smaller, the prob-
ability of disruption free service is getting higher. In the case
that linguistic guarantee is the same, we confirm that the
maximum difference among probabilities of disruption free
service according to mobite deviations 1s 0.23. Also, in the
case that mobile deviation is the same, we confirm that the
maximum difference among probabilities of disruption free

service according to linguistic guarantees is {.73.

1

0.8[

L | BVS
Percenlage of 0.6 —

disruption free _
sevice 0.4 -

0.2

w4 VW
Linguistic guarantee

Mobila devialion

(Figure 9) Probability of disruption free service according to
linguistic guarantee and mobile deviation:
vo=900%225 m/min, R = 300 m

(Figures 10) and (Figures 11) show the probabilitdes of

disruption free service according mobile velocity and cell ra-
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dius, respectively. From these figures, we know that the pro-
bability of disruption free service doesn’t change hy mobile
velocity and cell radius because cell latency Tx is adjusted
dynamically by both mebile velocity (v) and cell radius (R)
(see equation (3)). Also, we confirm that the maximum
difference among the probahility of disruption free service
according to linguistic guarantees is 0.61.

As a result of QoS evaluations, it is known that the
disruption free service is affected by both linguistic guar-
antee and mobile deviation. Specially, the degree of disrup-
tion free service is affected primarily by linguistic guarantee
of a mobile user. Therefore, the fuzzy multicast can provide
differential services with linguistic guarantee for disruption

free service.

1

08

|as o
mvs |
Probability of 98 :

disruplion {ree
service oal - -

ozl E

¢

1o
1401 w

Mobile velocity

Linguistic
guarantee

(Figure 10) Probability of disruption free service according to
linguistic guarantee and mobile velocity:
sd = z/3, R= 300 m

0.6f

Percentage ot

disruption fiee
service 04

0.2y -

0
100

w
500 vw

Cell radius . -
Linguistic quaraniee

(Figure 11} Probability of disruption free service according
linguistic guarantee and celi radius:
sd = xf3, v = S00t225 m /min

6. Conclusion

There are various applications that provide the quality of
service required by the users in mohile networks. The number
of cells may become insufficient to provide the required quality
of service because of the increment of service requests and
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the mohility of users. Cell splitting can then be used to increase
the traffic handled in an area without increasing the bandwidth
of the systermn. The reduction in the cell size cause an increment
in the number of handoffs, thereby increasing the signaling
traffic due to the handoff protocol messages. In addition,
handoff also causes a disruption in service if it is not done
in a fast and efficient manner.

In this paper, we propose the fuzzy multicast that provides
a linguistic guarantee for disruption free service despite hand-
offs occurred during an active connection. The fuzzy multicast
estimates the velocity and the direction for a mobile host and
forecasts the cell latency. Then, the fuzzy multicast determines
basic fuzzy set for each neighboring cell using membership
function, composes the multicast group for the MH using con-
trol rules, and computes a multicast time using the defuzzifier
of linguistic guarantee for disruption free service.

Then, according to the specified linguistic guarantee for a
user, data packets are transmitted to the forecasted neighbor-
ing cells where the MH will be handoff potentially, after the
staggered time. From the simulation results, the performance
of the fuzzy multicast is better than that of both the multicast
method and the staggered multicast method. Also, the fuzzy
muilticast provides better QoS than the probabilistic multicast
for the same degree of linguistic guarantee. Therefore, the
fuzzy multicast significantly reduces the static network band-
width usage and also efficiently provides differential services

according to a linguistic guarantee for disruption free service.
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