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Abstract—Nowadays, the networ k capacity of the wireless sensor network isa critical research topic areain theworld. Asthe number
of sensors connected to the network is quickly growing, it is important that they can sense and transmit data instantly. One of the
approachestoincrease the network capacity is clustering the sensorsto control communication. The approach will divide sensorsinto
several groups and drive the sensors to send the data through the cluster head. However, the approach will arise inter-cluster
interference problems from the sensors near the border that is higher level than other sensors. All of those will cause the fewer sensor
that can send the data so that reducing the network capacity. In order to overcome the problem, layering the sensor cluster is
proposed which each cluster is divided into two layers. Moreover, the outer layer is divided into four zones and assigned one
intermediary sensor in each zone. Sensorsin the outer layer will communicate with the cluster head through theinter mediary sensors.
The method will reduce the transmission power and lessen the interference to other clusters. The approach not only can minimize
interference coming from the sensors near the outer layer but also reduce the power consumption. The study concludes that applying
the layering technique will drive the sensors near the border to generate minimum interferencein their cluster and neighbor clusters.
Asaresult, the network can deliver mor e capacity than approaches using either only clustering or layering.

Keywords— network capacity; cluster; layering; interference.

clusters into two-layer and studies interference in the
I. INTRODUCTION network. With this approach, the network capacity will be

Sensors provide intelligence for smart cities by providing '”!p.roved IW'thl tge preservation of energy consumption at a
useful information to enhance people’s life. These sensorsm'rF‘eImum ehve [6]. irel ks f
sense, collect, and transmit data into the sink [1]. The data is esearch on wireless sensor networks focuses on
then processed into useful information for monitoring and reducm_g mtgrference and improving thelllves of the network
controlling the city's situation and directing people's by maintaining low energy consumption. Reference [6]
movement efficiently. The sensors autonomously build a StUd'_ed the cross-layer implementation in the netW(_)rk layer,
wireless sensor network (WSN) and collaborate to collect me_d|um access control (M.AC) layer, and t_he_ ph_y5|cal layer
data [2]. As the number of sensors connected to the network Increase the network existence. The optimization problem
is growing, network capacity is becoming an important issue. EN¢OMPasses routing, I|nk_ scheduling, rate of transmission,
As with other wireless communications, the network @nd power distribution. Using the approach, varying source
capacity of code division multiple access (CDMA) wireless rﬁ\te, link sckhtle_?uung, aF?df node’s p7lacement can maX|m|z|e
sensor networks is affected by the quality of the signglJE the network lifetime. Reference [7] proposes two nove
which determines the bit error rate (BER) in the destination advances to achieve accuracy e}nd approximation estimation
sensor [3][4]. One of the factors that impact directly on the of signal to interference and noise ratio (SINR) distribution

BER of signals is the strength of interference. Higher in a wireless sensor network. This SINR distribution can be

interference means many errors occur in the network, andus‘ed to evaluate the thrc_)ughput or the WNS's capacity.
fewer sensors can transmit data in parallel. Referenc_e [8] investigates the influence (.)f the_ outage
Many efforts to overcome this problem have been threshol_d Into n_etwork capacity _and relat|0nsh|p W!th
completed by controlling the communication inside the modulation techniques like BPSK (binary phase-shlft keying)
network. The network is partitioned into several sub- 2nd QAM (quadrature amplitude modulation). The paper
networks to reduce complexity, and the sensors are divideoa!so_ prgsented mathemancal expression for the cumulative
into clusters that group sensors based on the deployment Ogls.trlbutlon function of SIR (Fhe signal to interference power
power transmission [5]. In this paper, the author layers the@i®) and the outage capacity. From the study of the outage

1129



threshold, the paper concludes that there is an optimum p = Zgf p (1)
number that maximizes the outage capadigference [9] DS T (22g+225-220qzascos®) ™’ rf
evaluates the relationship between interference and traffic.

. ; N If t=2,47., and p=R/R then (1) becomes:
The research shows that increasing the traffic will generate adZea P RIZ (,,32
higher interference and collision in the receiver node. Then, = % 2
the sender node spends more energy to retransmit the data. (1+¢5-2tcos0)

The research Proposes a new method to overcome th?/vhere t is the ratio of the distance between the cluster head
problem by creating a new route of data transmission using a(example 2) and the distance between the sensor and its

Iov;loadeld nelghb(()jrdnode. i ber of th t luster head (example,z Sensor e generates intra-cluster
everal works address optimum number of the router useq o forence in Ci

in WSN to reduce interference but still maintain the system
reliability [10], find a spanning tree that minimize the - —_

receiver’s interference by using MinMax-RIP and MinMax- p = (78a+72~22caZayc050) P 3)
BRIP algorithm [11], and derive transmitted power that ha zod? i

consider relationship between interference and network

activity by using stochastic geometry theory [12]. In the Following [3], the interference signal follows the probability
current work, we analyze the interference’s effect from the distribution function (pdf):

sensors near the border in the layering wireless sensor

cluster and the effect on energy depletion and the capacity of Z4P%—1_P%Z4P-%-l pgm p M

the network. The paper is composed of three sections. = for T <P <
Section | is the introduction of the research and the related fo, = mpP" (27 ~23)(2§~25) ! tr 4)
work. Section Il introduces the material and method (include P%(zz+zz) 2, o

network capacity and energy analysis); Section Il shows the ﬁf’, ™ for ;I,,’f <P <P

results and discussion.

where:
P, is the receiving power
Sensors near the border generate an interference poweP, is the interference power
higher than other sensors. To overcome this, the authorz,is the smallest range between sensors
proposes layering the cluster of the wireless sensor networkz is the highest sensor range
cluster (Fig. 1). Each cluster was divided into two layers, z is the interfering sensor range
layer one and layer two. A sensor in layer two will transmit m is the signal path loss exponent.
the data into the cluster head (CH) through an intermediary
node in layer one. There are two types of interference The amount of interference power from sensors near the
generated by sensors cluster B in layer 2. They interfere withborder can be represented by the average value of the
other clusters around cluster B (inter-cluster interference)interference power with distribution following (4). The
and interfere with its cluster (intra-cluster interference). With average interference between clusters is calculated:
layering, the transmission power of the sensors in layer two .
will decrease and generate less interference. To evaluate the EP]=[Pf(P)dR (%)
impact of interference, the author uses the network model in -
Fig. 1, with the performance indicator being average The lower bound and the upper bound of (5) is
interference per cluster, network capacity, and average
energy per cluster. Then the author compares this model (1+p2-2pcosp)™*
with two other models, namely the cluster network and 0<P < Q+t?=2tcospymiz LT (6)
layering network.

Il. MATERIALS AND METHOD

Applying the bound in (6) with probability distribution
Cluster B function following (4), then the average interference signal
) power E[H] is as follows:

Cluster A

-7

1 2 2 (14 p2-1414p)™
TP' mt " 1+k2- 1414K)™
7 o AP -BR et DP
I
c

_ (@)
HPR] | d(p)+ JP R E d(R)

where: A # B ﬁq; C mE“E(dz—d.f)(dé‘df)
D= Pr( ¢+ ¢); E= n(d? - d?)

———— N,
~ '\,

-

Fig. 1 Layering of the wireless sensor network cluster L
The sensor f controls the transmission’s power of the

The network model uses a random uniform distribution S€nsor € and the interference to .CHImplementing the
for sensor deployment. Let m be a signal path loss exponentS2Me method as (7) resulting in)dz
and then sensor e generates inter-cluster interferencegin CH
(P).. =(p* + - 1414p)°R,, (8)

r
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For 7,=0°, the interference from sensor i to cluster A is: x is the interference factor
W is the bandwidth of a signal

(), = +1-20)""R, © T s Bl hreshold _
' ' | is the average interference power metrics
The sensor's position influences the amount of X is sum of the sensors in every cluster metric
interference of the sensor into the cluster head. Sensor i has & IS the maximum of active sensors in a network

high interference into CHcompare to other sensors as its .
position is nearest to CHHowever, sensor i generates the B- ENergy Analysis
lowest interference to GHbecause its position is nearest to Sensors use energy to sense the data and then transmit it
intermediary sensor f, and it needs low transmission powerinto the cluster head, while the sensor that acts as a cluster
to send data into CHThe p variable has a value between head does several activites as other sensors and an
zero and one when the layer moves from the centre into theadditional job like receiving data from sensor member,
cluster’s border. If the layer is near the cluster head, theaggregating and transmitting it into the sink. The energy
sensors are mainly located in layer two and produceconsumption in a sensor will increase when it becomes a
excessive inter-cluster interference but little interference cluster head. Energy consumption in CDMA wireless sensor
with its cluster. The contrasting case takes place when pnetworks is affected by the transmission power, the number
moves to 1. Most of the sensors are located in the inner layegf bits transferred, and the number of retransmissions.
and fewer sensors are located in the outer layer. The p
variable has a minimum impact at the position between the aPKL

— t b
centre and the border of the cluster. E, = R (13)

A. Network Capacity Analysis

Network capacity is an indicator to measure how many
sensors can send data simultaneously. In the CDMA
environment, the successful delivery of data is determined
by the E/ly signal received in the destination sensor. A
lower B/l, means a higher bit error rate. The interference
inside the cluster and from other clusters will affect the
number of sensors that can be active at one time. A
particular cluster capacity depends on another cluster
capacity [13]. Increasing the capacity of one cluster will

where: Eis energy consumption
a is the activity factor
P, is the transmission power
L, is sum of bits transferred
Ry, is the transmission rate
K is the number of retransmission (due to error).

Variable K shows how many retransmissions occur caused
by the error, and depends on the average PER (packet error

decrease another cluster capacity. If the capacity is growing,rate) [14].
then it produces more signal and high interference to other 1 14
clusters. Because the interference in a cluster is limited to K =7(1_@ (14)

the threshold value, the cluster will decrease active sensor

to keep the performance above a certain threshold. ?f one packet consists ofyLbits, then the probability of

packet error depends on the probability of bit errgy. (p

PER=1-(1-p,)" (15)

JWRfL L +10c 10
= ~ a \T E,/N, o (10)
The distance between sensors and the received power in

Equation (10) shows the relationship between the the receiving sensor influences energy spending in the

threshold value & and the sum of interference in a cluster. network. In CDMA, the receiving signal will be kept

The interference should be lower than the threshold to keerbonstant by power control. The average energy Consumption

the performance excellent. Several factors influence thedepends on the random variable distance.

threshold like the processing gain, the number of active

sensors o), and E/No. The equation (10) is the network ad™P KL (16)

capacity linear programming. Applying (10) into the E=——_r"

network model (Fig.1) will solve the optimization problems R

for CDMA wireless sensor network. The objective is to find |f y=d™ with the probability distribution function (pdf)

maximum sensors in every cluster with the total interferencefouowing [3], we can then calculate average energy

is lower than the threshold value. The total interference is consumption.

computed from the average interference power and the 2,
number of sensors in each cluster. f(y)= 2y" (o)
M M Y y - m(rZ_rOZ) 0 (17)
Objective function: max > . n, +> nBij (11) 0,elsewhere
i=1 i=1
Constraint: IX <c, Evaluating average energy consumption by equation (16)
(12) using pdf in equation (17), we obtain:
(18)
where: nis sum of the sensors in a cluster HE]= akL, _al,
M is sum of the clusters “ R R(@-PER
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[1l. RESULTS ANDDISCUSSION For the evaluation, the author sets up 4 clusters, and each
To analyze the effect of the layering model on the CDMA cluster has two layers. To serve the sensors in the outer layer,
wireless sensor network cluster, we apply (7), (11), (12) angthe author defines four zones and allocate one intermediary
(18) with the parameters in Table 1. The interference matrix SENSOr for each zone, presented in Fig.2.
to solve optimization is using Table 2 and Table 3, withthe — ______ _____

performance indicators evaluated, namely average RS N - A N
interference, network capacity, and energy consumption ClstrB / NS \
. . . 1 I \
with the network model shown in Fig. 1. . 2y o |
1 1
TABLE | \ P /
NETWORK PARAMETERS \ > ’ A 4 ). N
Variables Numbers Unit Rt I
Pr 70 dBm o7 T e SN Sk T TN
Zr 25 Meter Chsier A I/, \\\ /,/ \\\ Cluster C
z 56 Meter N Vg \
WIR 20 dB ! a2t c )
T 9.2 dB \ TR /
m 4 \\ // \\ /,
[ 1,064 Bits Sel A3 L7 Se__ @ _.7
Ry 20 Kbps TToT T
a 0.375 Fig. 2 Layering wireless sensor network cluster
TABLE I
MATRIX INTERFERENCKE()
A Al A2 A3 A4 B Bl B2 B3 B4
A 1.00E+00 5.48E-02 5.48E-02 5.48E-02 5.48E-02 6.21E-04 4.10E-04] 4.10E-04] 1.38E-02 7.38E-05
Al 6.33E-03 1.00E+00] 4.65E-05 5.23E-04 5.23E-04 2.88E-06 4.21E-06 1.14E-06 3.23E-05 4.79€-07
A2 6.33E-03 4.65E-05 1.00E+00) 5.23E-04 5.23E-04 2.88E-06 1.14E-06 4.21E-06 3.23E-05 4.79€-07
A3 6.33E-03 5.23E-04 5.23E-04 1.00E+00 4.65E-05 5.91E-07 4.79€-07 4.79€-07 4.21E-06 1.34E-07,
A4 6.33E-03 5.23E-04 5.23E-04 4.65E-05 1.00E+00 7.75E-05 3.23E-05 3.23E-05 1.92E-02 4.21E-06
B 6.21E-04 4.10E-04 4.10E-04 7.38E-05 1.38E-02 1.00E+00 5.48E-02 5.48E-02 5.48E-02 5.48E-02
B1 2.88E-06 4.21E-06, 1.14E-06 4.79€-07 3.23E-05 6.33E-03 1.00E+00 4.65E-05 5.23E-04 5.23E-04
B2 2.88E-06 1.14E-06 4.21E-06 4.79€-07 3.23E-05 6.33E-03 4.65E-05 1.00E+00 5.23E-04 5.23E-04
B3 7.75E-05 3.23E-05 3.23E-05 4.21E-06 1.92E-02 6.33E-03 5.23E-04 5.23E-04 1.00E+00) 4.65E-05
B4 5.91E-07 4.79€-07 4.79€-07 1.34E-07 4.21E-06 6.33E-03 5.23E-04 5.23E-04 4.65E-05 1.00E+00
C 6.21E-04 7.38E-05 1.38E-02 4.10E-04 4.10E-04 5.33E-05 1.63E-05 1.77E-04 1.77E-04 1.63E-05
C1 7.75E-05 4.21E-06 1.92E-02 3.23E-05 3.23E-05 1.32E-06 4.37E-07 3.17E-06 7.38E-06 3.01E-07
c2 5.91E-07 1.34E-07 4.21E-06 4.79€-07 4.79€-07 1.44E-07 5.17E-08 4.37E-07 3.01E-07 6.37E-08
C3 2.88E-06 4.79E-07 3.23E-05 4.21E-06 1.14E-06 1.44E-07 6.37E-08 3.01E-07 4.37E-07 5.17E-08
C4 2.88E-06 4.79E-07 3.23E-05 1.14E-06 4.21E-06 1.32E-06 3.01E-07 7.38E-06 3.17E-06 4.37E-07
D 5.33E-05 1.63E-05 1.77E-04 1.63E-05 1.77E-04 6.21E-04 7.38E-05 1.38E-02 4.10E-04 4.10E-04
D1 1.32E-06 4.37E-07 3.17E-06 3.01E-07 7.38E-06 7.75E-05 4.21E-06 1.92E-02 3.23E-05 3.23E-05
D2 1.44E-07 5.17E-08 4.37E-07 6.37E-08 3.01E-07 5.91E-07 1.34E-07 4.21E-06 4.79E-07 4.79€-07
D3 1.32E-06 3.01E-07 7.38E-06 4.37E-07 3.17E-06 2.88E-06 4.79€-07 3.23E-05 4.21E-06 1.14E-06
D4 1.44E-07 6.37E-08 3.01E-07 5.17E-08 4.37€E-07 2.88E-06 4.79€-07 3.23E-05 1.14E-06 4.21E-06
TABLE Il
MATRIX INTERFERENCHK()
C C1 c2 C3 C4 D D1 D2 D3 D4
A 6.21E-04 1.38E-02 7.38E-04 4.10E-04 4.10E-04 5.33E-04 1.77E-04 1.63E-0% 1.77E-04 1.63E-0%
Al 5.91E-07  4.21E-0¢ 1.34E-01  4.79E-07  4.79E-07  1.44E-07 4.37E-0 5.17E-08 3.01E-0] 6.37E-08
A2 7.75E-05  1.92E-02  4.21E-0¢ 3.23E-01 3.23E-01 1.32E-0¢ 3.17E-0¢ 4.37E-07  7.38E-0f 3.01E-07
A3 2.88E-06 3.23E-04 4.79E-07 4.21E-04 1.14E-04 1.44E-07 3.01E-07 6.37E-08 4.37E-07 5.17E-08
A4 2.88E-0¢ 3.23E-0% 4.79E-07  1.14E-0¢ 4.21E-04 1.32E-0¢ 7.38E-0¢ 3.01E-0f  3.17E-06  4.37E+07
B 5.33E-0% 1.77E-04 1.63E-04 1.63E-04 1.77E-04 6.21E-04 1.38E-02 7.38E-0% 4.10E-04 4.10E-04
Bl 1.44E-0f  4.37E-0f 5.17E-08 6.37E-08 3.01E-0] 5.91E-0]  4.21E-0¢ 1.34E-07  4.79E-07  4.79E-07
B2 1.32E-06 3.17E-0 4.37E-07 3.01E-07 7.38E-0¢ 7.75E-04 1.92E-02 4.21E-0¢ 3.23E-04 3.23E-0%
B3 1.32E-06  7.38E-0¢ 3.01E-07  4.37E-07  3.17E-0¢ 2.88E-0¢ 3.23E-05  4.79E-07  4.21E-0¢ 1.14E-0¢
B4 1.44E-0Y 3.01E-07 6.37E-08 5.17E-08 4.37E-07 2.88E-0¢ 3.23E-0% 4.79E-07 1.14E-0 4.21E-0¢
C 1.00E+00  5.48E-02  548E-02 548E-02 548E-02 6.21E-04 4.10E-04 4.10E-04 1.38E-02  7.38E-0%
Cl 6.33E-08  1.00E+0 4.65E-01 5.23E-04 5.23E-04 2.88E-0¢ 4.21E-0¢ 1.14E-0¢ 3.23E-04 4.79E-07
C2 6.33E-08  4.65E-05  1.00E+0 5.23E-04 5.23E-04  2.88E-0f 1.14E-0¢ 4.21E-0¢ 3.23E-0f 4.79E-07
C3 6.33E-0B 5.23E-04 5.23E-04  1.00E+0 4.65E-01 5.91E-07 4.79E-07 4.79E-0  4.21E-0f 1.34E-07
C4 6.33E-08 5.23E-04 5.23E-04 4.65E-0f1 1.00E+0 7.75E-04 3.23E-0% 3.23E-0% 1.92E-02 4.21E-0¢
D 6.21E-04  4.10E-04 4.10E-04  7.38E-0% 1.38E-02  1.00E+0 5.48E-02  5.48E-02  5.48E-02  5.48E-02
D1 2.88E-06 4.21E-0 1.14E-04 4.79E-07 3.23E-0f 6.33E-0 1.00E+00 4.65E-0% 5.23E-04 5.23E-04
D2 2.88E-0p  1.14E-0¢ 4.21E-0¢ 4.79E-07  3.23E-0f 6.33E-0 4.65E-05  1.00E+0 5.23E-04  5.23E-04
D3 7.75E-0b 3.23E-04 3.23E-0f 4.21E-04 1.92E-02 6.33E-0 5.23E-04 5.23E-04 1.00E+0 4.65E-0%
D4 5.91E-0f  4.79E-0  4.79E-07  1.34E-0]  4.21E-0¢ 6.33E-0 5.23E-04 5.23E-04 4.65E-05 1.00E+0
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Table 2 and Table 3 are the interference matrix that is 750 2.40€-06
evaluated using (7). Every cell shows an average o0 Lo A, - 2.20e06
interference factor between clusters, the farther distance \‘\/\\{/ & - 200e06
between clusters is getting smaller the interference factors. 650 ~ .« % | 180£06
First, the author evaluates the effect of layering ratio into 600 — - 1.606-06
interference and network capacity. The layering ratio
determines the sensor’s distance in the outer layer from the

- 1.40E-06

550 —— Network Capacity
A - 1.20E-06
—a— Avgenergy

Network Capacity (sensors)
Avg Energy per cluster (Joule)

intermediary sensor and influences the amount of 500 — 1.00£-06
interference for its cluster and other clusters. Fig. 3 plots the 01 02 03 04 05 06 07 08 09
effect of the layering ratio on interference and network P {layering ratio)

capacity. The percentage (%) indicator of interference powerrig. 4 Effect of layer ratio on network capacity and average energy per
in Fig. 3 measures how much interference occurs in thesensor
cluster compared with its receiving power (-70 dBm).

The result shows that there is a little variation in Third, the author evaluates how the layering approach in
interference power for layering ratio (p) between 0.1 untii CDMA wireless sensor network clusters could add network
0.5, which it decreases to minimum interference power atcapacity. The simulation using the configuration in Fig. 2
radius 0.7, then rises again. At layering ratio 0.7, the amountresults in a network capacity of 712 sensors with the sensor
of interference power is only 6%, much lower than 24% (the distribution is displayed in Fig. 5. Zone A, B, C, and D have
highest contribution) at layering ratio of 0.1. This behavior the fewest number of sensors, while zone Al, A3, B1, B4,
occurs because of the distance variation between the sensofs2, C3, D2, and D4 own the largest sensors. The sensor
in layer 2 and the intermediary sensor. Besides interferencedistribution follows the interference pattern where the inner
Fig. 3 shows network capacity in the network model. If layer experiences interference from 4 zones and other
interference is low, then the number of active sensors will clusters, whereas the outer layer only has little interference
increase, and vice versa. At point 0.7, the network will have from the outer layer or the inner layer.

a maximum capacity as it has the lowest level of interference.

Cluster B R I TN ,27 paoag N Cluster D
4 Y 7 Y
1800 30% - \
1600 *\\ p2 !
v F 25% 1
S 1400 N A 5 /)
H] * :: = y ( H
& 1200 - 20% 8 ’
> \ F @ 37 -,
= 1000 =} ~o D3 _-
s N\ /ot s | hesnl gL S
'._i'; 800 \ / & Cluster A TR IR
= 600 10% N, ClustrC
=} £ \
é 400 | —¢—Numberof sensor \-/j ® \
- 5% ot
Z 200 —| —l—Interference power @ I
1
0 : : : : : : . : 0% ®,
4
01 02 03 04 05 06 07 08 09 T
S c3 -7
p (Layering Ratio) Se==-
Fig. 5 Layering wireless sensor network cluster

Fig. 3 Effect of layer ratio on network capacity and interference
The author simulates to increase the number of clusters,

Second, the author evaluates the relationship betweerevaluate interference distribution and the growth of network
layering ratio and energy per cluster. Fig. 4 shows the effectcapacity. Also, energy spending in the network is assessed.
of the layering technique on energy consumption. Same withFig. 6 presents the relationship between the number of
interference, energy consumption tends to decrease frontlusters, network capacity, and average energy spending in
point 0.1 to 0.5, it decreases sharply to its minimum level atthe system.
layering radius 0.7, then increasing again. At layering ratio
0.7, the amount of average energy per cluster $xbdle 1.08E-05 6000
compares to 2.2x19Joule (2.2 times) at 0.1. The average LO6E-05 I
energy consumption depends on the average packet erro 104E.05 /
rate (PER), and the PER relies on the amount of interference 3 ... . < 40

-

taking place in the network. Higher interference will cause - 3000

Avergae Energy (Joule)
Network Capacity (sensors)

o R 1.00E-05
many transmission errors and the need for retransmission o sot00 « - 2000
. . . B = —— Average energy
and it increases energy consumption. That is _why energy s or06 / o Network Capacity | 1000
consumption shows similar behavior to the interference
. . 9.40E-06 T T T T 0
graph in Fig. 3. a 5 16 2 36

Number of cluster (p=0.7)

Fig. 6 Number of clusters versus average energy and network capacity
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On average, increasing the number of clusters by 76%than the other methods, then follows by layering and cluster.
will increase network capacity by nearly 27%, and also This means that the approach is more efficient than the other
increases energy consumption by 2%. The study also showsechnique. Increasing the number of clusters shows little
that the growth in average energy consumption is almost thevariation in energy consumption in the three methods.
same as network capacity. Next, we compare the
performance of layering in the cluster network (cluster 1.20£-05
layering) with the layering and cluster only approaches. In M
the layering approach, the network will be partitioned into 1.008-05 1
several layers with the sink as the center, as shown in Fig.7

The method minimizes interferences by selecting a sensor ir]
layer one to serve the outer sensor when it wants to send th

8.00E-06

—&— Cluster Layering
6.00E-06

Average Energy (Joule)

—— Layering
data into the sink. For instance, if sensor h sends data t 4.00E-06 e Cluster
sensor e through intermediary sensor g and f. With this
approach, the transmit power of sensor h will be reduced. 00806 . *
0.00E+00
4 9 16 25 36

Number of cluster

Fig. 9 Number of cluster vs average energy per sensor

Fig. 10 shows the relationship between the number of
clusters and network capacity (number of sensors).
Increasing the number of clusters will increase network
capacity. The study indicates that cluster layering delivers
higher network capacity compares to the other approaches.
Cluster layer's capacity is about 1.5 times that of the layering
and about 6 times that of the cluster approach. Even though

Fig. 7 Network model with a layering approach cluster layering results in higher capacity, the network
capacity's growth is similar to the other methods (49%-52%).

Another approach is network cluster, displayed in Fig.8. It The reason for higher capacity is cluster layering result in
applies network clustering to reduce interference where thefour times new zone to cluster approach. Fig. 10 displays
cluster's members send data through the cluster head. Theanother interesting result that the curve of cluster layering
the cluster head will proceed with the data aggregation thatand layering the only approach follow an exponential line,
combines data from several sensors and sends it into the sinRowever, the cluster approach curve is linear.

In this model, the transmission power of sensors will be

controlled by the cluster head, and interference power| _ 2o
depends on the distance between the sensors and clustg g '8 A
head S 16 —=— Cluster
’ é 14 —a—Cluster Layering (p=0.7) /
3 12 —¢—Layering
,-é 10 //d’ ///x
> 8
o
S a //
s P
4 9 16 25 36 49 64 81 100
Number of Cluster

Fig. 10 Number of clusters versus network capacity

IV. CONCLUSIONS

[

The research of layering on CDMA wireless sensor
network clusters has led to the following conclusion. The
approach has a significant impact on reducing interference
and increasing network capacity compared to cluster or layer
only method. At a layering ratio of 0.7, the network
Fig. 8 Network model with a clustering approach experiences the lowest level of interference and maximum
. . . network capacity. The amount of interference at this layering
Fig. 9 displays the impact of the three approaches ONyatio is 6% from receiving power in the cluster head. The

average energy consumption. The results show that Ener¥nterference is not equal in every area. It impacts to un-equal

consumption in the cluster layering approach is much Iessernetwork capacity in every layer where the inner layer that
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experiences higher interference than the outer layer will havel7]
the lowest network capacity. Vice versa, the outer most layer
has lower interference than other layers, and it has the
highest network capacity. The research shows that layerings)
in CDMA wireless sensor networks is a superior approach to

that of layering or clustering only methods. Network
capacity will increase by 1.5-6 times if the layering cluster
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approach is applied.
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