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Contributions 

• Analyzing the lifetime of WSN without knowing the 
lifetime of sensors 

• Find a accurate approximation for the CCDF of cluster 
lifetime 

• Study event-driven networks, which can be extended 
to time-driven networks 

• Provide a novel packet transmission rate analysis 
related to network coverage 

• Show a condition when clustered network has a batter 
energy efficiency over nonclustered network 



Clustering Model 

Two clustering models: 
a) Single-hop mode for intracluster transmission; Single-hop mode for intercluster transmissions 
b) Single-hop mode for intracluster transmission; Multi-hop mode for intercluster transmissions 
Cluster Properties:  
1. Static clustering 
2. Rotate the CH role among the sensor nodes 
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Energy Consumption Model 

1. α is the path loss exponent 
2. d is the distance between sensor and destination 
3. k is the loss coefficient 
4. c is the overhead energy for one packet 
Two setting: 
a) Intracluster transmissions: α=2 
b) Intercluster transmissions: α=4 

The energy consumption for transmitting  
one packet is: 

The energy consumption for receiving  
one packet is:   

CH 

Sink 

α = 2 α = 4 



Event Occurrence Model 

1. Event-driven network 
2. Events occur randomly and independently over the network 
3. The distribution of the number of events over the field follow a spatial temporal Poisson 

distribution with the following PDF 
 
 
 

         
        where the number of events P, occurring during T time units in an area with size S 
 
Two data reporting scenario 
a) Multiple event reporting: all sensors, which detect an event, forward a packet containing 

the event information to CH.  
b) Single event reporting: only the closest sensor to the event reports the event to CH.  
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Lifetime Definition 

Def: the network lifetime is the moment when the number of live nodes     
        drops below                   where                     and N stand for the total 
        of nodes in the network 
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Packet Generation Rate of The Sensors 

Multiple Event Reporting 
Assuming a circular sensing region with radius 
• The packet transmission rate of each sensor in T time slot is: 
• The mean and variance of P is: 
 
 
• The number of packets forwarded by CH to sink is:  

 
 

• The redundancy rate of the packet sensing is:  

Single Event Reporting 
Assuming the cluster is tessellated by Voronoi cells generated 
 by sensors 
• The number of packets forwarded by CH to sink is:  

 
 
 
 

• The mean and variance of P is: 



Lifetime Analysis for Single-Hop Clustered Networks 

Goal: find the probability of achieving a desired lifetime       by evaluating the total 
energy consumption  
 
 
 
Analysis steps: 
1. Divide the energy consumption into two parts: (a) intracluster transmission        (b) 

intercluster transmission  
2. Find the mean and variance of energy consumption in (a) and (b) with a given 

sensor whose location is  
3. Applying central limit theorem (CLT) to determine the CCDF of total energy 

consumption and the conditional probability of achieving the desired lifetime        
by that sensor 

4. Average out the location of sensor on the cluster to derive the probability of 
achieving the desired lifetime by an arbitrary sensor 

5. Use the probability of achieving the desired lifetime by an arbitrary sensor to find 
the probability of achieving the same lifetime by the cluster  
 

 
 



Lifetime Analysis for Single-Hop Clustered Networks 
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The number of rounds that the CH role is assigned to a sensor 
during the desired lifetime is:  
 
 
 
 
The energy that sensor 1 consumes to send data to sensor i 
during        is: 
 
 
Where Pi is the total number of packets send to sensor i by 
sensor 1 when sensor i functions as CH where: 
 
 
For all rounds that sensor 1 is not a CH 
 
 
For k rounds that sensor 1 is a CH 
 
 
Where Pt is the total number of packets that sensor1 transmits 
to the sink. Pr is the total number of packets received by sensor 
1 from all sensors. 
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Lifetime Analysis for Single-Hop Clustered Networks 

Since it is assumed that the sensors packet generation occurs 
independently over time, the pdf of       can be accuracy 
approximated using a Gaussian distribution ((CLT) with 
 
 
 
 
 
And 
 
 
 
 
 
 
Notes: The death of node does not directly affect the analysis 
because 

1. It increase the chance of a sensor becoming CH, Yet reduce the traffic by the same ratio. 
2. The death of node affect the cluster region. However, in the limit of the distance of the sink from the cluster and also in the 

limit of the lifetime, the effect is negligible. 



Lifetime Analysis for Single-Hop Clustered Networks 
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• The CHs in level 1 send their data to the fix data sink 
• The other CHs send their data to the CHs in the lower level whose 

position changes as the CH role rotates 
 

If s’ represents the position of CH in Ck, Qi represent the number of 
packets sent to Cj, the total energy consumption is: 
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Remark 

• Using previous, one can determine whether the clustering results in energy 
efficiency or not 

If Ed represent the averages consumed energy by an arbitrary node in a non 

clustered network where the sensor send their data directly to the sink, clustered 

network has a batter energy efficiency when 

 

 

 

For multiple event reporting 

 

 

 

 

For single event reporting 



Remark 

• One can consider the effect of idle power consumption pi in the analysis 

• One can consider the effect of retransmission rate ρ in the analysis by adjusting the 
mean and variance of the distribution of ei s 

• Time-driven network can be consider as a special case where sensors generate 
packet with rate λ’ 

• Time-driven network can be consider as a special case where sensors generate 
packet with rate λ’ 



Remark 

• The analysis is aplicable to multilevel transmission power model by substitute with 
                                                                                 two constant levels of the transmission   
       energy 

• The network lifetime can be defined as the duration over which all cluster are alive 

• Optimizing the network implementation cost is equal to solving the following 
optimization problem 



Numerical Results 
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Conclusion 

• Proposed an approach to determine the probability of 
achieving a lifetime by the clusters of a WSN 

• Studied the lifetime at the sensor level by characterizing 
an appropriate traffic model for each sensor and 
considering the sensor random location within the cluster 

• Show that depending on the data compression ratio, 
clustered networks may or may not outlive nonclustered 
ones 

• Predicted the quality of the network performance after a 
desired lifetime 



Thank You 


