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Abstract

In wireless sensor networks, sensor nodes colbeet Idata and transfer to the base station ofteyed by
other nodes. If deploying sensor nodes evenly,csemsdes nearer to the base station will consume mo
energy and use up their energy faster that redsgstem lifetime. By analyzing energy consumption, a
density formula of deploying nodes is proposed. Téwo of whole energy of sensor nodes to energy
consumption speed of sensor nodes in every aregeagonsistent if deploying nodes by the density
formula, therefore system lifetime is prolonged. alsis and simulation results show that when
communication dominates whole energy consumptiahthe monitored region is big compared with radio
range of sensor node, system lifetime under this®e can be 3R/(2t) times of that under deploydes
evenly, where R is radius of the monitored regiod &is radio range of sensor node.
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1. Introduction nodes are deployed evenly, nodes nearer to the base

station will consume more energy. If close nodes ws

their energy, other nodes can't transfer their datéhe

base station and system lifetime of sensor netwgaoker.
Presently, there’s few research about deployingesod

with the purpose of prolonging system lifetime. Mos

researches assumed that sensor nodes are deployed

evenly scattered by airplane or other tools in the

monitored region [11,12]. So system lifetime of the

Recently, wireless sensor networks composed ofelarg
sensor nodes come to realize [1-4]. Sensor nodes ha
very limited processing and communication capaédit
Sensor networks are multi-hop and sensor nodes glay
dual role as both data generators and routerEfdrgy
is identified as one of the most crucial resouinesensor

networks dual to the difficulty of recharging baitts of :

thousands of devices in remote or hostile envirarime §en§0r| network can't be Iol?g. [dlS]hreseg\rchhed dmm
[6-8]. Researches show that energy consumption of! WIrEIESS Sensor network an 1 showe that admrm;
sensor node is dominated by communication [4,9]. of different areas aren't balancing. Data strearmiofdle

In a typical sensor network, there is a base stdtio € is dense while _data strea_m of boundary arma'rse._
the network. Sensor nodes sense environment, tollecl NiS paper determinates rational scheme of depjoyin
sensor reading, process the data and then forverd t nodes by researching energy consumption in differen
information to the base station. An example of sucha@reas to prolong system lifetime.
applications is habitat monitored [10]. Sensor sodee The remainder of this paper is organized as folldws
deployed in the habitat and the base station delidata  Section 2, assumptions and base model are given.
from sensor nodes. So information of the habitatlsa ~ Section 3 describes how to deploy nodes in wireless
achieved from the base station. sensor networks. Section 4 presents some theoretic

Because remote sensor nodes transferring dataeto thanalysis and section 5 presents a comparative
base station needs some close nodes to relaysietan  performance evaluation using simulation. This paper
density nearer to the base station is bigger. fisge  concludes with section 6.
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2. Assumptions and Base M odel

This section presents the basic model of the sensor
network that this paper targets. The network model
makes the following assumption:

- Wireless sensor network is large-scale. There are thebas:mon
many sensor nodes and a base station in the network
Monitored region of the sensor network is a circle
which radius isR. The base station is located in the
center of the circle.

— Sensor nodes are homology. Initial energy of sensor
node ise.

— Each sensor node senses environment and transfers area B
local information to the base station. Events occur Figure 1. Energy consumption in area B.
evenly in the monitored region. Data generatingedpe
Is A per unit area. _ _ _ relaying data generated outside areaBriﬁR/lxdxx (T+E).

— Sensor nodes communicate with the base station by r+2
delivering data across multiple hops. Radio ranfye o
sensor node is

- Energy consumption of sensor nodes transmitting uni Energy consumption speed of sensor nodes in area B
data and receiving unit dataliandE respectively. " ) [ rHt/2

— Energy consumption not caused by communication jstransmitting data generated in area Bm§r—t/2 AXAXXT .

evenly distributed in the monitored region. Other Other energy consumption speed in area A is

energy consumption speed per unit arédl.is +t/2 .
9y P P P ZITJ.rt/z xdxxW . So energy consumption of sensor
.

r+t/2

Data generating speed in area BZisjr_t/Z Axdx .

In above, we assume that the monitored region is a _ )
circle for the sake of analyzing easily. Systeretiifie is ~ nodes in area B is

mostly optimized when the base station is locatethé ol ™ Axcxx (T + EV+ 2770 axaexT + 2771 W
center. 7] g AT +E)+ 2] Axcix [ XBOW

The number of sensor nodes in area B is

3. Scheme of Deploying Nodes 27T_[rr_+://22p(x)xdx. So the whole energy of sensor nodes

. . . . _ _ o
In th|s. section, we will _deduce a density fprmulh 0 inareaB |52ﬂJ” p(x)xdxxe.
deploying nodes that will prolong system lifetimé o r-t/2
wireless sensor networks. The ratio of whole energy of sensor nodes to energy
In wireless sensor networks, the ratio of wholergme  consumption speec_i of sensor nqdes i.n area B sheuid
of sensor nodes to energy consumption speed obisens constant. So following condition is satisfied:
nodes in every area should be consistent. Thus more reti2
. . . an p(X)xdxxe
sensor nodes will be deployed in area where enisrgy r-t2
consumed sooner. As a whole, sensor nodes in eliffer 2an Axdxx(T + E )+ 2;1J'””
areas will tend to use up energy at the same time. ' '_"
Therefore system lifetime gets prolonged furthest. ~ whereb s a constant.
Because we have assumed that the monitored regjion i  gecause node density of each point in area B isstim

center symmetry, node density should be only @ali  ¢q,a1. So we approximately choose) as average node
with distance to the base station. We demp¢te as node t/2

. . r+t2 r+
density of point that is far from the base station. density of area B. I'éﬂj‘r—tlzp(X)XdX: 27T.|.r—t/2 pr)xdx.
Next we analyze energy consumption in area B in 5o we can get:
Figure 1. Area B is a ring centered at the bag@®atthat /o
inner radius isr-t/2 and outer radius istt/2. Because 271, P Xdxxe _
radio range of sensor node tissensor nodes that are ZHIR Axdxx(T+E)+2nj'+”2/1xdxxT+ ZITJ.M/ZXdXXW =b
farther from the base station thast/2 (i.e. sensor nodes r+t/2 rt/2 r-t/2
outside area B) transferring data to the baseostaieeds
some node in area B to relay. From the above formula, we can deduce:

Data generating speed outside areaBrIsrR+t,zixdx.

2 r+t/2 = b
AXAXXT + ZITJ xdxxW

2 -t/2

_AD[R(T+E) —(r =t/ 2)°T - (r +t/ 2)*E]+ 2brtw
Energy consumption speed of sensor nodes in area go(r) = orte .
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Whenr/t large, we have-t/2=r, r+t/2=r. So we get: ne(6R2t — 2t2 +3ct?) So svstem lifetime is:
R -r? 2tw (T+E)Ab REUR+ ) | ’ .
r= +0)d , wheree = ,g=7 . 2 x3 s 2
pr)=( . ) & AT+5) . ne(6R% — 2t° + Xt ?)

27R (4R+ T[] " Axchex (T + E)+ [ AxaxxT + [ xax x W]
Assume that the number of all sensor nodes then ! 0 0

2nj:p(r)rdr=n. We can deduce = — 3n . So we Next let's analyze system lifetime under deploying
(4R+30) nodes evenly. Sensor nodes outside area C trangferr
can obtain node density of point thatridar from the  data to the base station needs some node in atea C
base station: relay. Because sensor nodes are deployed evemgyen
R?_p2 n W consumption speed of sensor node_s in area C igssfast
p(r) =( p +c)x RT3 wherec= AT+E) Therefore sensor nodes in area C will use up trergy

earliest. When sensor nodes in area C use upeheigy,
From above density formula, node density of closethe base station can't receive any data from timesce
area is bigger than that of remote area. It is ister#  network and system lifetime is over. So systentitife
with our expectation. approaimates the ratio of whole energy of sensor nodes to
R? -2 energy consumption speed of sensor nodes in astsoC
Energy consumption speed of sensor nodes in area C
is reverse with distance to the base station @isl a s 2,,[ F dxdxx (T +E)+ an'l/]XdXxT+2;TJ'lxdxxW_ Whole
constant independent of distance to the basestati ' 0 °

/](it\J/rVE) , AMT+E) is energy €nergy of sensor nodes in area C§§ne. So system

consumption speed of sensor nodes transmitting an

2 _ .2
p(r) consists of two partssr—r andc, where

the formula of c=

(infetime is:

receiving data antV is other energy consumption speed. net” )
If the proportion of other energy consumption speed 2nR2[J'R/lxdxx(|'+ E)+Jl/]xdxxT +J'lxdxxW]

. . . o . t 0 0
bigger, ¢ is bigger and node densities of the monitored
region tend to be more even. Otherwise node degsifi The ratio of system lifetime under deploying notgs
the monitored region tend to be more uneven. THis i ) R? —r2 n
because other energy consumption speeds in differerfl® density formulas(r) =(— +C)X7R2(4R+Sc) to

areas are close while energy consumption speeds
sensor nodes transmitting and receiving data iiereifit
areas are different. 6R?-2t>+3ct _  6R? 3 -2t

= +
(4R + )t (4R+3c)t 3c+4R’

%at under deploying nodes evenly is:

4. Analyss of Sygem Lifetime wheret andc are fixed values.

. . _ o From the above ratio, we can see system lifetime
In thls_ section, we will analyze system Ilfetlmede_m under deploying nodes by the density formula isglon
deploying nodes by the density formula deducedst | han that under deploying nodes evenly. When other
section compared with deploying nodes evenly ingnergy consumption is little and the monitored oagis

wireless sensor network. _ big, i.e.c~0 andR»t, the ratio approximates tdR2t).
First analyze system lifetime under deploying nodesgecayse is a fixed value, the ratio is bigger when the
) R?-r2 3n monitored region is |
_ N _ gion is larger.
by the density formulep(r) = ( . 0 x — @R+ 30)

Because in this case the rgtlo of whole energyeobar 5. Simulation
nodes to energy consumption speed of sensor nodes i
every area is consistent, sensor nodes in evegytarel ) ] o
to use up their energy at the same time. Then myste In th|§ section, we compare system lifetime under
lifetime approximates the ratio of whole energysehsor ~ deploying nodes by the density formula proposedhizy
nodes to energy consumption speed of sensor nades iPaper with deploying nodes evenly by simulation. We
some area. Therefore we can only analyze systendoptns-2.28 simulator [14] as experiment platforve
lifetime of sensor nodes in area C which is lessitifar ~ use the following model for our simulation study:

from the base station. — MAC protocol is 802.11 DCF.
Energy consumption speed of sensor nodes in area G- Radio bandwidth is 1 Mbps.
is ZITIR/]XdXX(T +E)+ 2n'[t/1xdx><T + 271_[txdx><W. B R‘f"g'o range is 50 m. .
t 0 0 — Initial power of sensor node is 10000 J.
Whole energy of sensor nodes in area (Zﬁ)&;p(r)xdx: — Sensor node’s sending and receiving power are 0.660
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W and 0.395 W respectively. 6. Conclusions
— The size of packet is 64 B.
- Other energy consumption of sensor node is O. This  paper deduces the density formula
— The occurring of event in the monitored region R? —r2

+C) of deploying nodes in

_ 3n
satisfies Poisson distribution. The speed of eventp(r)_( r X/R2(4R+3c)

occurring In area 1S 0.01°f" wireless sensor networks by analyzing energy
~ Sensing data of one event has 10 packets averagely. ¢onsumption speeds in different areas. The ratishufle

We simulate under various sizes of the monitoredenergy of sensor nodes to energy consumption spked
region. Choose radiuses of the monltore(_JI regio2®®  <onsor nodes in every area can get consistenpibylag
m, 400 m, 600 m, 800 m, and 1000 m. Fix average nod hodes by the density formula. Then we analyze syste
density of the whole monitored area be 1/@00". SO |ifetime under this scheme of deploying nodes. When
the numbers of sensor nodes in various monitoredsommunication dominates whole energy consumption
regions are 100, 400, 900, 1600 and 2500 respéctive ang the monitored region is big compared with radio
We choose system lifetime as the time from begmin - 1ange of sensor node, system lifetime under tHierse
when average ratio of event being successfully toce can be ®/(2t) times of that under deploying nodes
by the base station is under a threshold of 90%seBfe evenly, whereR is radius of the monitored region ahis

system lifetime under various simulation conditiofis  54is"range of sensor node. Finally simulation ltesu
order to make results more precise, we simulatémés validate this conclusion.

for each simulation condition and choose averagigeva

Table 1 shows system lifetime under various
conditions.R denotes radius of the monitored region. /- ACknowledgement
denotes radio rangen denotes the number of sensor
nodes.a denotes system lifetime under deploying nodesThe research was jointly supported by researchtgran
by the density formula proposed by this papedenotes  from Natural Science Foundation of China under gubj
system lifetime under deploying nodes evenly. Tétgor  number 60602066 and 60773203, grant from Guangdong
of system lifetimes under these two schemes is teear Natural Science Foundation under project number
3R/2t. It's consistent with analysis result in section 4 5010494. The work has also got support from Fouodat
Figure 2 shows comparison of system lifetimes underof Shenzhen City under project number QK200601.
these two schemes. System lifetime under deployingCorresponding author: Ke-Zhong Lu (kzlu@szu.edu.cn)
nodes by the density formula proposed by this paper
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