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ABSTRACT

Wireless Sensor Networks are proving themselves as a boon to the surroundings and its deployment in a prominent area
is to be considered for minimum energy consumption. | we have considered deployment of a sensor grid
network for 36 and 100 number of sensor nodes. Diagg des are considered to be source and destination.
Using a modified energy model, the energy consun and that with different number of relays are
calculated. The maximum distance up to which dire and the number of required relays for higher
transmission distances are then found out.
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A sensor node contains a sensing unit, processing unit, transceiver unit, & power unit [7]. Sensor nodes do tasks
like processing, radio transmission-reception, sensing and actuating. In this paper we are discussing the power
consumption and the maximum distance of transmission using relay nodes in a square area grid network of 6*6 and 10*10
dimensions. The structural view of sensor network is shown in Figure 1.
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Figure 1. Stru
ENERGY MODELING FOR WSN

As in wireless sensor network, one
node to node delivery .In second ca:
consumption required for the transmiss
nodes will act as a router which receive
amplifying, and forwardi

One by direct link & second by
into reduce in the power
ion node these relay
ghbor. Receiving,

Etx(k ,d ): Power co ion to transmit K bits of data to distance d

Erx(K ): Power consum eceive K bits of data

Erxelec : Power consumpt sensor node receiver ci process 1 bit

Etxelec : Power consumption | it to process 1 bit
€amp: Power consumption by amp
K: Data size in bits

d: Distance between the two nodes

n is the path loss exponent

N: Total number of nodes in the network

ddimension: The distance from the first node to the last node in the same row/column (in meters).

PROBLEM FORMULATION

Here, for 6x6 and 10x10 networks, it is assumed that:
€amp = 100 pJ/bit/m?

Erxelec = 50nJ/bit

Etxelec = 50 nJ/bit and

K=500bits

n=4, considering suburban area.
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Here, we have used equations (1) and (2) & taken into consideration the source node and destination node as the two
farthest nodes in a grid network receiving data along the diagonal path [12].

Analysis of 6x6 Area Grid WSN Network

Here, node 1 is the source node & node 36 is the destination node as shown in Figure 2. The transmission from node 1 to
node 2 along a diagonal path can be done by using several cases as discussed below:

Case 1: Direct path from node 1 to node 36 without using any relay, the distance calculated

from node 1 to node 36 is V2 dagimension:

In general, E« (6x6) = (Transmitted power) + (Amplified Power )+ (Received Power)

S0, Eror (6x6) direct=(50x500)+0.1x(\2 ddimension)4x500+50><500

Thus we get, Eor (6x6) =50,000+200 daimension” (3)
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Case2: By using r
« Using one

Either Node 8 or Node

nsmitted from Node 1 to Node 8 & then from Node 8 to
Node 36 & similarly for n

fter applying equations (1) and (2) is:

Er0t6X6=50x500%2+0.1%(V2 dgimen
Etot(6X6) =82.24 dgimension * +100,000

n 15)*x500+ 50x500%2
4)

Or, if either Node 15 or Node 22 is taken as relay nodes then the data is transmitted from Node 1 to Node 15 & then Node
15 to Node 36 & similarly for node 22. Hence the total power consumption after applying equations (1) and (2) is:

Eiot6X6=50x500%2+0.1%(2V2 ddimension /5)**500+0.1(3Y2 ddimension /5)*x500+50x500x2
E[0[6X6:31.04 ddimension 4"':I.OO,OOO (5)
Case 3:

3

< Using two relays :
Taking the pair of nodes like Node (8, 15), the data gets transmitted from node 1 to node 8 & then to node 15 and finally to

node 36. Similar transmission is considered with (8, 29) or (22,29). So the total power consumption after applying
equations (1) and (2) is:

Etot (6x6)=50x500x3+(0,1)><2(\/2 ddimension /5)4>< 500+0.1x(3\/2 ddimension /5)4><500+50X500><3
Etot 6X6) =26.56 daimension “+150,000 ©)

From the above equation (5), we can conclude that relay at mid position consumes lower power.
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Analysis of 10x10 area grid WSN network

Here, node 1 and 100 are the source node & destination node respectively, as shown in Figure 3. The transmission of the
data from source node to destination node along diagonal path can be done by using several cases as followed:

Case 1: Direct transmission from node 1 to node 100 without using any relay
Etot (10x10)= 50x500+0.1x(\2 dagimension)” x500+50x500

Eto(10x10)~direct= 200 daimension +50,000 @ _
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Figure3: wireless

de 45 or Node 56 as single relay node. ans we transmit data from Node 1 to Node 45 and

then Node 45to N 0; similarly for node 56 also.

So the total power ¢
Ett(10x10)=50%500x%2
Etot (10X10) =26.85 ddimensio

tion after applying Equations (1) and (2) is:
V2ddimension/9) ' x500+0.1x (5| nsion/9) ' x500+50x500x2

®)
Case3:
< Using two relays:

Considering the pair of nodes like (34, 6
to node 100.

ransmitted from node 1 to node 34 & then to node 67 and finally

So the total power consumption after applying equations (1) and (2) is:
EIOI(10X1 0) =50X500X3+(01 )X (3\/2 ddimension /9)4 X 500X3+50X500X3
Eiot(10x10) = 7.41 daimension * + 150,000 )

The data paths for using different number of relay nodes are shown below in Table 1.

No. of Relays Path Followed to Transmit the data
used

0 1 |:>100
1 1:}15 |:|‘>oo
2 7 N

3 o e B
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Tablel. Transmission @ nodes
Case4:

« Using three relays:
Similar process in applied for (34, 56, 78), (23, 56,
and (2) is:
19)* x 500+0.

45, 78) & (23,

Total power consumption after applyi
Etot (10x10) = 50x500%x4+ (0.1)x (3
Etot (10x10) = 3.93 daimension *+ 200,000

Caseb:
% Using f

Taking four relay
to node 100.

like (12,34,56,78), data are trans 34; then to 56; then to 78 & then

Similar process
(23,56,67,78) & (2

So, the total power ¢
Etot(10X10) = 50%x500x
Etot (10X10) =1.98 ddimension

applied for these cases also : 8), (23,45,56,78), (23,45,67,78), (23,45,67,89),
89).

(11)

Case6:
< Using five relays:

Similar process can be applied for these set of five relay nodes (12,23,34,56,78), (12,23,45,56,89), (12,23,45,67,78),
(12,23,45,67,89), (12,34,45,67,78), (12,34,45,67,89), (12,34,56,67,78), (12,34,56,67,89), (12,34,56,78,89),
(23,34,45,56,78), (23,34,45,67,78), (23,34,56,67,78), (23,34,56,67,89), (23,34,56,78,89), (23,45,56,67,78),
(23,45,56,67,89), (23,45,67,78,89).

So the total power consumption after applying (1) and (2) is:
Etot (10x10)= 50%500%6+3%(0.1) x500%(\2 dgimension /9)" x+3x%(0.1)%x500%(2V2 ddimension /9)*+50x500%6
Eiot (10x10) = 1.55 daimension *+300,000 (12)
Case7:

< Using Six relays:

Similar process is applied for set of six relay nodes (12,23,34,45,56,78),
(12,23,34,45,67,89),(12,23,34,56,67,78),(12,23,34,56,67,89),(12,23,34,56,78,89,(12,23,34,67,78,89),(12,23,45,56,67,78),(
12,23,45,56,67,89),(12,23,45,56,78,89),(12,23,45,67,78,89),(23,34,45,56,67,78),(23,34,45,56,67,89),(23,34,45,56,78,89),(
23,34,45,67,78,89),(23,34,56,67,78,89), (23,45,56,67,78,89).

So the total power consumption after applying (1) and (2) is:
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Emt(lOXlO) = 50X500X7+01 X (\/2 ddimension /9)4 X 500X5+01 X(Z\/2 ddimension /9)4X500X2+5OX500X7

Etot (10x10) = 1.12dgimension ‘+350,000 (13)

Cases8:

0,

< Using Seven relays:

Similar process can be done for these relay nodes: (12,23,34,45,56,67,78), (12,23,34,45,56,67,89),
(12,23,34,45,56,78,89), (12,23,34,45,67,78,89), (12,23,34,56,67,78,89), (12,23,45,56,67,78,89), (12,34,45,56,67,78,89), (
23,34,45,56,67,78,89).

So, the total power consumption after applying equations (1) and (2) is:
Emt(lOXlO) = 50X500X8+01 X (\/2 ddimension /9)4 X 500X7+01 X(2\/2 ddimension /9)4X500+50X500X8
Etot (10x10) = 0.70 dagimension *+400,000 (14)

Case9:

« Using eight relays:
Similarly, for eight relay nodes (12, 23, 34, 45, 56, 8
Etot(10x10) =50%500%9+0.1%(\2 daimension /9)*x50
Etoi(10x10) =0.27 daimension “+450,000

OBSERVATIONS

Here, we have calculated the range

umption after applying (1) and (2) is:

(15)

ission of signa

Equating equations (7) & (8), we get:
200 dgimension *+ 50,000 =
ddimension =4.12m
This shows that
Similarly equatin
ddimension =7.12m

The maximum dist overed using 1 relay is 7.12m.

Equating equations
ddimension =10.95m

The maximum distance c ing 2 relays is 10.95m.

Equating equations (10) & (11
ddimension =12.65m

The maximum distance which may be co ys is 12.65m.
Equating equations (11) and (12)

ddimension =18.46m

The maximum distance that can be covered using 4 relays is 18.46m.
Equating equations (12) & (13)

ddimension =18.46m

The maximum distance which can be covered using 5 relays is 18.46m.
Equating equations (13) & (14)

ddimension =18.46m

The maximum distance which can be covered with 6 relays is 18.46m.
Equating equations (14) & (15)

ddimension =18.46m

The maximum distance covered using 7 relays is 18.46m
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Maximum distances of transmission with different number of relay nodes are shown in Table 2.

Number of relay Nodes to be used Maximum Distance of transmission
(In Meters)

0 (Direct transmission) 4.12

1 7.12
10.95
12.65
18.46
18.46
18.46
18.46

N O O B WDN

Hence, it is observed that in 10x10 grid network,
can be used up to distance 7.12m, then two rel
relays are required for transmission upto 12.65
using four number of relays would be the optimum

St up to distance 4.12m, then one relay node
. Similarly, it can be concluded that three
an be covered using 4 to 7 relay nodes but
mption will be less.

in Figure 4.

20

w

Maximum distance of
transmission
[ [
(mtres) v
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a} 1 o] 2 n C c
nodes used

on vs. number of relay nodes

From the above graph it is ob creases upto four number of relays and then becomes

constant.

CONCLUSION

In the present work, we have considered a 10x10 wireless sensor network. It is seen that energy consumption is more in
direct transmission compared to the same when transmission is done by using relays. We have calculated direct
transmission range and optimal number of relays required for larger coverage area.
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