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ABSTRACT and define a remaining lifetime of a wireless sensor network (de-
noted as RLSN) first, which is defined as the weighted sum of the
lifetime of individual sensors (denoted as RLIS) of all the sensors
in the sensor network. Given that, we can define the LSN for three
major application categoriesictive query event-drivenandpas-
sive monitoring

Prolonging the lifetime of wireless sensor networks (WSN) is one
of the most important goals in the sensor network research. A lot
of work has been done to achieve this goal; however, current defi-
nition of lifetime is either superficial or impractical. In this paper,

we take the first step to modeling the lifetime of a wireless sensor X . L '
network by considering the relationship between the whole sensor In anactive query like appllcatlons, the LSN can be defined as the
network and individual sensors, as well as the importance of differ- maximum number of queries the sensor networ_k can haf‘d'e. before
ent sensors based on their positions. We envision that the proposeahe sensor netwprk terminates. For an event-driven application, the
lifetime model can be used to evaluate energy-efficient protocols LSN can be defined as tota_l nu_mber_of events t_he sensor T‘etwork
and algorithms, which is validated by simulation results. can process bef(_)re the termination of it. For passive monitoring, the
LSN can be defined as the total amount of time before the sensor
network terminates. The termination of the sensor network is de-

Caternes and SUbJeCt Descrlptors fined as the time when the RLSN starts to keep stable that implies

C.2.1 [Computer-Communication Networks]: Network Archi- that the sensor network loses connectivity or the number of sensors
tecture and Design-Wireless Communication with zero RLIS exceeds a threshold which means that the sensor

network becomes uselessNext, we in turn describe several key
General Terms concepts in our proposal.

Remaining Lifetime of Individual Senssidefined as the remain-
ing normalized energy of the sensor at some mom€nt, Here the
initial sensor energy is normalized as 1. The energy is consumed
Keywords when the sensor receives or sends messages, so RLIS of the sensor
Lifetime, Wireless Sensor Networks is the total initial energy of each sensor minus the consumed energy.
So, we have

1. PROBLEM STATEMENT N
. €jig * Njig + €jir * Njir

The physical constraints of the battery-backed sensors and the LG =1-) 2 (1)
prohibitive costs to replace failure sensors in large-scale sensor net- i=1 !
works make energy a crucial consideration to prolong the lifetime where N, is the sequence number of queries processed in active
of sensor networks. Many efforts have been made to achieve thisquery, the sequence number of events handled in event-driven and
goal by using energy efficient protocols; however, none of them the amount of time used in passive monitoriigy) is RLIS; and
has a detailed analysis of the lifetime of sensor networks, which E; is the initial energy of sensgr.
prevents us from thoroughly understanding the efficiency of these  We borrow the same energy model and symbals, @nde;;,)
proposed protocols. used in [2] to calculate the energy consumption of each message

Currently, the lifetime of a sensor network is defined as the time transmission. To calculatk(5), we should also calculat¥;;, and
for the first node as in [1, 2, 3] or a certain percentage of network N;,,., the number of going through messages, which is related to the
nodes as in [6] to run out of power. However, these definitions are probability, P;;, of the message go through thig sensor in théth
not satisfactory. The former is too pessimistic since when one node query. Observed from the sensor network that the sensors near the

fails the rest nodes still can provide appropriate functionality. While sink have more chance to consume energy than the far away ones,
the latter does not consider the difference of the importance of sen-we define the probability as

sors in the sensor network. We argue that lifetime is an application- )
ifi To this end I lifetime definiti 1 Nn —mdjis”™p
specific concept. To this end, we propose a novel lifetime definition P, = J )
by considering the relationship between the lifetime of a single sen- ! (2 Ldj%J +1)r2p Ny,
sor and that of the whole sensor network, the importance of sensors

at different positions, and the connectivity of the sensor network. WhereNs is the number of total sensors adg. is the distance
from thejth sensor to the sink: is communication range andis

the density of the sensors. The deduction of formulas in this poster
2. LIFETIME OF SENSOR NETWORKS are available in the technical report of this paper [5]

The ||fet|me of a Wil‘eleSS sensor netWOI‘k (denoted as LSN) iS an |mportance of SenSOI($MP). We Observe that the fa”u’%@f sen-
application-specific, flexible concept. However, we can abstract
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sors will cause the sensor network to act improperly, but the level
of the damage it causes is different. For the same number of failure
sensors, the damage may be very slight when the sensors are far
from the sink and be very serious when the sensors are located near
to the sink. So we define IMP as
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Herec is a constant and); denotes for IMP.
The remaining lifetime of the whole sensor netw@tk is defined
as the weighted sum of the RLIS of all sensors.
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Based on the RLSKhe lifetime of wireless sensor networ&an Figure 1: Comparison of RLSN.

thus be deduced as

LSN={ Ny, | L(Npm — 1) < L(Ny) & L(Npm + 1) = L(Np,)
or Nf(”'l > 0 } (5)

wheref is a pre-defined threshold of maximum number of the
failure sensors in the sensor network aNg,;; is the number of
the failure sensors. And(N,,) is RLSN at momentv,,.

3. AN EXAMPLE OF USING THE MODEL

In this section we will use our model to compare two types of
query protocols, direct quergénoted as Traditional )and
indirect query enoted as 1Q ), whichis proposed by in[4]. In
Traditional , queries are routed from the data sink to its desti- |
nation (one or more sensors) using an energy efficient path or an bos
alternative path based on other performance metrics. Whi@ jn
the data sink randomly selects a sensor as the query delegate and
forwards the query to the delegate. Then the delegate conducts the Figure 2: Comparison of LSN.
query processing on behalf of the data sink and sends aggregated
replies back to the data sink.
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of LSN. The result shows that LSN increase with the increasing of

Variables| Location | Traditional 1Q initial energy in both cases, but that of usiqy increases as several
RLIS |[0<d<r 1 — 5200w 1 — 229m times fast as that of usinfraditional . RLSN drops with more
RLIS d="Tr 1 — 20008y 1 — ANy, queries been processed while that of usimgditional drops
RLIS | d=14r [P P B s much faster. The RLSN keeps unchanged after 300 queries are pro-
RLSN — TSI GIN STTIE—AON cessed irlraditional , which denotes that the sensor network

108 10° loses connectivity. The simulation result matches what we get from
the model.

Table 1: Comparison of Traditional and I1Q.

4. FUTURE WORK

Given the proposed lifetime model, we plan to extend our work

According to the defined model, we deduce the lifetime formula in two-fold. On one hand, we will extend the model by consider-
for both query protocols. After we assign practical values of sensor ing the link quality, MAC protocols, topology control, and network
parameters obtained from Berkeley motes to the formula, we get coverage. On the other hand, we will use this model to guide the
the deduced results listed in Table 1. The deduction procedure isdevelopment of more energy-efficient protocols and evaluate the ef-
available in the technical report version [5]. Table 1 denotes the ficiency of existing protocols.
RLSN and RLIS of different sensors using two query protocols. In
the table, we can find that the sensor network using@hprotocol 5. REFERENCES
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Figure 1 and 2 separately. In Figure 1 x-axis is the number of
queries and y-axis is the value of RLSN and in Figure 2 x-axis rep-

resents the initial energy of sensors while y-axis denotes the value



