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= Life Time of the Sensor Network
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original 2D Poisson point process. Hence we can
explain the resultant CH distribution as follows.

Let represents the set of all deployed nodes.
Where is a finite measure subset of E with
## .The clustering process yields a random set

+  of secondary points which we call CHs with
the property that F  FU%  where - F
and G .Notethat /  are the non CH member
nodes. For any node /  we have #
F and %% F at least for one CH node F 7/
. We note that ¢ is a member of the cluster with
CHF when# o, F# U 4, FIU

According to Mat’ern 1986 such a dependant
thinning process on 2D Poisson points is referred as
Mat’ern Type III dependant thinning or hard-core
point process. Further Mat'ern 1986 has shown that
even though this point process is more close to prac-
tical situations and natural phenomena it is mathe-
matically intractable to determine the resultant point
distribution. However Bettstetter 2004 has provided
an empirical formula for the resultant CH distribu-
tion of a different clustering algorithm which also
resembles to Mat’ern Type III point process. Ac-
cording to Bettstetter 2004 the resultant point

. . I
process has a point density of | —there

J K2 I.In atypical applicationJ L. . Hence

##

A
—M—=#% iM—

In other words this empirical formula shows that a
given cluster size is almost half of the size of the CH
broadcasting range  covered neighborhood.

Lemma 3: The total overhead in exchanging control
messages in the WSN has complexity Q

Proof. EDCR algorithm sends small fixed length
control messages during each cluster set up period
without iterations as found in HEED. A CH node
sends one message each of CH announcement
TDMA schedule announcement, residual energy re-
quest from its members, maximum energy level an-
nouncement among its cluster members to neighbor
CHs and update of its members with the maximum
energy level within its second degree neighborhood.
Further only one from all CHs will send a CH rota-
tion request message where as all non CH nodes will
send cluster join request messages. Furthermore note
that answer to residual energy request message is
carried out using existing data transmission packet.
Hence it is ignored in the computation. i.e. Total
Overhead Messages )% %

where % ; > &D*+  and typically
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% N
is Q

In LEACH the CHs transmit 2 control messages
and non CH nodes send only one message. Total
Overhead Messages in LEACH

, where is the percentage of CHs (Wang et al.
2004a). However in LEACH the CH announcement
messages must be broadcast to cover the entire WSN
where as in EDCR its messages are limited to a ra-
dius and a radius

On the other hand a complex algorithm like
HEED has total control message overhead of

as given in Younis & Fahmy 2004. Typi-

Thus the total message overhead

cally a high energy node will iterate up to 4
rounds and low energy node may goes beyond
) rounds.

Considering that % N in EDCR and
in LEACH we can approximate:

EDCR Total Message Overhead per round M
LEACH Total Message Overhead per round M
HEED Total Message Overhead per round M

As previously discussed in the section 1, complex
weight based algorithms can achieve a sharp edge in
the lifetime curve compared to pure randomized al-
gorithms. However in many of the weight based al-
gorithms the control message overhead is high. This
will adversely affect the total lifetime of the system.
The goal of most researchers such as Wang et al.
2004a was to derive a good weight based dynamic
and distributed clustering algorithm which has sharp
edge lifetime curve with low control message over-
head similar to a dynamic distributed and random
(DDR) algorithm. The EDCR algorithm has arc-
hived this goal. The analysis done in this section has
proven that the EDCR algorithm has achieved the
expected objectives. Further the simulation results
presented in the next section confirms us the above
analysis.

6 SIMULATION RESULTS

The proposed EDCR algorithm was evaluated us-
ing the MATLAB simulation platform. Performance
of the EDCR algorithm in terms of the network life
time was compared with the existing WSN cluster-
ing algorithms. Then the cluster distribution / CH lo-
cation of the EDCR algorithm was tested using si-
mulation results. Finally the correctness of the
proposed analytical methods in deriving , and

g were tested.
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