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Abstract—In WSN’s (wireless sensor networks) there are
applications for which the sensor node requiresbeing mobile.
To support uninterrupted service to nodes mobility plays vital
role. In wireless services the blocking of an ongoing session is
more objectionable than the blocking of an originating session
and has diverse effect on the quality of service of the overall
network. As compared to static WSN networks mobile WSN
networks require high data quality. Hence important of all is
QoS, which includes but not limited to hand over drop out
packets for voice and data packets/calls, packet loss due to time
out periods, reliable data transfer, efficient transmission,
minimum error rate (to reduce retransmission of packets)etc.
In this paper in order to minimize the drop out hand over voice
and data packets and packet loss we had devised a priority
based analytical solution where hand over voice and data
packets/packets are prioritize. Analytical solution devise do
saves computational power, human resource and is generic in
nature; is robust and can be reused with additional or reduce
parameters as compared to computational solutions.

Keywords—Wireless sensor networks,HO(Hand
over),mobility.

1. Introduction

Wireless senor networks have been developed rapidly in
recent years due to its capabilities of independent
computing, data communication and sensing, and long
battery life and low cost deployment [3]. The sensor
networks do not require expansive equipment to
manufacture them. In many WSN’s applications sensor
nodes require to be mobile. Several issues need to be
maintained and handled i.e. auto configuration of networks,
hand off, security, addressing routing and HO(Hand over) to
support mobility.

In this paper the focus is on HO(Hand over) voice
packets and hand off Data packets service and by analyzing
the performance of the sensor network it may be possible
that the issues involved in the hand off ‘s are not only be
identified but also on the basis of the findings through this
paper suggestions can be given to eradicate the problems in
future research work. The main problem which will be
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researched through this paper is blocking and waiting time’s
of hand off voice and data packets also will observe the
pattern of arrival of hand off packets, it will research that if
the packet is dropped then it what could be a possible reason
whether it is due to buffer being full or service problem in
the server. This will not only try to suggest future work
towards the retrieving of dropped hand off’s for voice and
data but may also suggest virtual buffering /Queuing
mechanism for future work and measure to avoid the call
deletion.

A. Related Work

There have been a lot of work done in diverse directions
to improve QoS of WSN networks, by improving routing
protocols, by removing un necessary time for hand over
packets/calls, by introducing low power sensor’s, other
techniques are but not limited to are RI-MAC(Receiver-
initiated MAC): the protocol is used for broadcasting and
during data transmission it degrade the link quality by
searching a new relay node without interrupting previous
nodes communication, by Beacon Enabled IEEE 802.11.4
mac: the protocol uses two methods to transmit data which
are beacon enabled and non beacon enabled mode, Handover
based on 6LOWPAN AND Soft handover based on
6LOWPAN, by GT-MOTS(game theory inspired mobile
object trapping system) the protocol exploit the WSN in the
form objects it is a part of a game theory [3]. In [1] the
author has presented statistical routing protocol which is a
solution to overcome the shot comings in traditional hand
over process, also the author has suggested ways on how the
statistical routing be considered as an alternative to
traditional routing protocol in WSN where capabilities of the
nodes are limited, in [2] challenges in mobility management
are identified and the author has presented with possible
solution for handle mobility management such as
LoWPANG6 (Low Power Sensor). In [3] a single buffer
solution to handle hand over voice and hand over data call is
presented, calls do enter the system when channels are
available to process calls but in case all channels remainbusy
processing calls HO voice calls start entering buffer and
hand over data calls are blocked, when the buffer is full the
hand over voice calls are blocked as well, in case channel is
available the hand over calls succeed. In [7] a protocol RI-
MAC is proposed for theprovisioning of seamless handover.
In this scenario the momentMN(mobile node) recognizes
that the data packet can’t be transmittedcompletely before
breakage ofexisting link, it will look for fresh relay node
besides the communication interruption with current node.
In this paper a mathematical model is set up for latency
investigation because of handover (HO). The analytical
model enumerates the HO latency as a function of data cycle
and network density. This paper removes the drawback of
RI-MAC i.e. BW(back off window field) size it introduces
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bursty transmission form of data packets thus rather than
competing for media for sending single data packet, single
node transmit on a predefined number of data packets in
burst which might be unfair , but in terms of energy
consumption and latency it is efficient.

All work done is to improve the QoS, in our paper we
had proposed an analytical model and performance
evaluation of a WSN network is carried out in terms of mean
waiting time, mean number of packets and blocking of hand
over voice and data packets, by assigning dedicated channels
for hand over voice and data packets, and shared channels
for originating voice and data packets. Also in our model we
have buffer for hand over voice packets and for hand over
data packets. The numerical results shows that the QoS i.e.
waiting time W and blocking can be reduced by increasing
the number of shared channels.

n. Model Assumptions

In this model we have total of X channels, with
parameter | withchannels holding time exponentially
distributed, i.e. service timewith mean 1/pis independently
distributed. The model diagram is shown in fig 1.1a

Fig 1.1a

There are four type of packets i.e. originating voice
packets, originating data packets, HO(Hand over) voice
packets and HO(Hand over) data packets. Let the four
random variables for inter arrival time of HO (hand over)
voice, HO data, originating voice and originating data be
Loa, Loy, Lpg @and Ly,, the arrival of packets occurs in
accordance with poison process from infinite source with
parameter A, ¢, Aopes Anae @nd Ay, respectively, all the inter

1

. . . 1 1
arrival  timeswith mean and
1

Aodc ' Aove Ahdc
x areindependent and exponentially distributed. Therefore
hvc

by memoryless property of exponential distribution
remaining inter arrival time i.e.AL,4, ALy, AL,y and ALy,
is also exponentially distributed, by parameter AA, 4., AAyye,
AMpge and AXp,. . Next arrival we can say will be
minimum( AL,4 , AL,, , ALyy , ALy, ) [2]. Next arrival
therefore will be exponentially distributed by parameter 1/A
i.e. summation ofA, ., Agper Anace and Ay, given by

A= 2oact Aovet Apact Apwe
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In caseX. channels are processing packets originating
data and voice packets will be blocked andin case
Xzchannels become busy processing packets hand off data
packets are queued in queuesizedN,, when queue is full
hand off data packets will get blocked. Blocked packets are
lost and do not return to system. A HO(Hand over) data
packet is deleted from queue in case it moves out of cell
before get served, rate of these packets is u, and are
exponentially distributed bymean1/u,. TheHO(Hand over)
voice packets get service when any of the S channels is free
for service, HO(Hand over) voice packets on arrival when
finds all X channels busy processing are queued in queue
withlengthN,,;in case the queue is fullHO(Hand over)voice
packets are lost and the lost packets leave immediately and
does not return to the system.

A= Aoact Aovet Anact Anve OSmlec

Vo= Andet Anve X, <my <Xy

X, <m <X +N,

Else 0

Some of HO(Hand over) voice packets waiting in queue
may get dropped out. There are two reasons for that either
it’s because the session get completed or because of the time
out period. The packet that get dropped because of session
completion is calledsmooth termination;and is exponentially
distributed with mean1/u,. The packet that get dropped
because of time out period is called force termination and is
exponentially distributed with mean 1/p,

The parameters1/u,, 1/p.and 1/u, are exponentially
distributed, the remaining time Ay, Ay, and Ap are also
exponentially distributed consequently next departure is min
(App, A Ap). Service time is exponentially distributed as
per memory less property of exponential distribution with

mean“;”
Hptiet B

Hm1 = Myl 1<m <X

X<m1S X+ Nh

= myp, X.<m < X+ Ny

1S m1S No

Else 0

State transition diagram is shown in fig.1a
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Fig. 1a

It has been supposed that the system is in steady state,
therefore for each state G(m;, m,) (m;=0,1,23.... Ny,
n,=0,1,2,3......N,) mean flow into a state equates equal to
mean flow out of that state. To calculate performance
metrics flow balance equations is the base in queueing
system.

Flow rate out of state G(m,, m,) is equated to flow rate into

state G(m,, m,), we get equations at equilibrium for the
state probabilities p(m,, m,). When the rates are substituted,

state probabilities p(m,, m,)exhibit the product form as in
L-Rule in [10]
p1m1p2m2”
m,,m,) = C ¥+ ———
p(m;, my) mp—
In the equation above C is constant, now let
supposem, = m, = 0, above equation will be of form

8 (1
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p(0,0) =C
Hence

pam,my) = 22 15(0,0)

Summation of probabilities equates to 1, Therefore

Xa—1 Xc /‘le/-{/ml_Xd
1+ Z Z A
mil=1 ml=Xq4 ml!uml
+ Noz_:l AXdA/XC_XdAhdmZ
=1 Xc!p¥Xe Hzil(xc pu+ m.ud)
mXe o1
X—-1 - - _
+ i AXa ™ A ™
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m. Performance Measures

Xe—1

Mean number of packets in system, L= Z =1 X1 %

N,

p(x1,0) + Zml =5, T * Ly =1 M2* p(My, My)
Mean number of HO(Hand over) data packets in Queue,
L Z =X, Zmz 1m2*p(m1;m2)

Mean number of HO(Hand over) voice packets in Queue,

Ly = Yot s (my — X) % 300 _ p(my, my)
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Blocking probability of HO(Hand over) voice packets, B,=

Z%ﬁ:xc p(mlr No)

Blocking probability of HO(Hand over) voice packets, By,=

N,
Blocking probability of originating voice and data packets =

Xc-1 N
Bova = { chl=xdm1 * p(my,0) +2m’1=Xcm1 *

Z,A,I:;ﬂ my* p(my, my)}

Actual Arrival rate = (A, + Ape) (1 — Bopa) +

Ahvc * (1 - Bh) + Ange * (1 - Bo)

Mean waiting time of customers, W = Total

customers/Actual arrival rate

Mean waiting time of HO(Hand over) data packet in queue,

LO
" Acutal arrival rate of HO data call

oc

N N
_ {Zmill=xc Zm‘;=1 my* p(my,mz)}

Mac*(1=Byg)

Mean waiting time of HO(Hand over) voice packets in

Lp
Acutal arrival rate of HO voice call

queue, Wy, =

_ {Zrl\r,l}ll=x+1 Zﬁ’; :1(7"1 -X)* p(m1,myp)}

)‘hvc*(l_Bh)

iv. Results

The numerical results for mean number of packets, mean
waiting time and probability of blocking for HO voice and
data packets are shown in fig.1, fig.2 and fig.3.

In fig.1 below mean number of HO voice & data packets
are compared. The number of data packets in system
decrease with increase in number of shared channels and
vice versa. For the voice packets these will also decrease as
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for shared channels all types of packets are allowed to get
processed whereas in dedicated channels only HO packets
for voice and data get processed. In caseall channels remain
busy processing, only HO voice packets get processed till all
channels are occupied.

D T T -

S ¢ awt Dw

Fig.1

Mean waiting time for hand over voice and data packets
are shown in fig.2. It has been observed that as the number
of shared channels are increased the mean waiting time of
packets do decrease as well. We can also notice that the
mean waiting time for handover voice packets is nearly zero,
as there are dedicated channels available for hand over voice
packets only.

I T T T .

N

Fig.2

In fig.3, blocking probabilities of handover voice and
data packets has been compared. It is obvious from the
figure that the blocking probability do decrease with the
increase in shared channels and vice versa. The packets that
find all channels busy are blocked. The blocked packets are
lost and will not return again to system.
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v. Conclusion and Future work

To conclude with, we can say that by assigning dedicated
channels to hand over packets we can reduce the number of
packets being blocked and we can also improve the
performance. Because as we increase the number of shared
channels mean number of packets decrease, mean waiting
time each customer observe also decreases and eventually
the mean waiting time decreases as well.

It will be interesting to see how the given prototype works
well when the arrival and departure of packets is in burst.
There is also a possibility to do the percentage performance
evaluation of the said model to improve QoS and

maximizing utilization of the system.
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