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Energy Saving Methdos

‣ Schedule for sleep cycles
• MAC, routing protocol, sensoring

‣ Optimize transmission routes
• many hops of few hops

‣ Selection of nodes depending on the charge battery status
• data acquisition
• change of cluster heads
• route choice may consider battery status

‣ Reduction of the amount of data
• data aggregation
• compression
• filtering
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Lifetime of a Sensor Network

‣ Wireless Sensor Networks (WSN) 
• cheap and energy optimized sensors
• send data to sinks

‣ Lifetime of the network
• is hard to analyze

‣ Depends from
• network architecture, protocols
• event or input behavior
• definition of lifetime
• hardware, channel characteristics
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Lifetime
‣ On the Lifetime of Wireless Sensor Networks 

• Yunxia Chen, Qing Zhao, Communication Letters, Vol. 9, 
No. 11, Nov. 2005

‣ Theorem
• For a WSN where

- E0: non-rechargable inital energy E0

- Pc: constant continuous power consumption in the 
complete network

- E[Ew]: expected waste of energy
- λ: average number of reported events
- E[Er]: expected energy necessary to report an event

4

.

E[L] =
E0 � E[Ew]
Pc + �E[Er]
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Greedy Lifetime Maximization

‣ Question
• Which sensors should collect the data

‣ Greedy Algorithmus
• Choose the sensor with the maximum energy efficiency 

index γi:
•

• Er(ci):  Energy for the transport of a message for node i
• ei: Available energy at the node i

5

.

�i = ei � Er(ci)
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Performance Greedy-Algorithm
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Fig. 1. Comparison of the network lifetime. E0 = 5, Ec = 0.01, Ees =
0.001.

which sensor should be enabled in each data collection in order
to maximize the network lifetime.

We assume that sensor measurements are in the form of
equal-sized packets. The channel between the mobile AP and
a sensor follows a block fading model with the block length
equal to the transmission time of one packet. The required
reporting energy Er(ci) of sensor i as a function of its fading
gain ci can be modelled as

Er(ci) = Etc +
E

ci
(8)

where Etc is the energy consumed in the transmitter circuitry
and E is the required transmission energy to achieve an
acceptable received SNR at the AP in the absence of channel
fading. Clearly, the better the channel gain ci, the smaller the
required transmission energy Er(ci). A sensor is considered
dead if its residual energy drops below Etc, i.e., it does
not have enough energy for transmission under any channel
condition. We ignore the continuous energy consumption in
the network and define the network lifetime as the time
span until any sensor in the network dies (the first death)
or no sensor has enough energy for transmission during a
data collection (the first failure in data collection), whichever
occurs first2.

Applying (1) to the current network setting, we have

E[L] =
SE0 − E[Ew]

E[Er]
, (9)

where we have assumed, without loss of generality, that λ = 1.
Equation (9) shows that the network lifetime E[L] increases
as E[Er] or E[Ew] decreases. To prolong the network lifetime,
the MAC protocol should strike a balance between E[Er] and
E[Ew]. With this goal in mind, we propose a MAC protocol
which selects the sensor with the maximum energy-efficiency
index γi defined as

γi = ei − Er(ci), (10)

2We realize that this lifetime definition may not apply to many WSN
applications. It, however, provides insights on protocol design and makes
analysis tractable.

where ei is the residual energy of sensor i at the beginning of a
data collection. It is clear from (10) that the proposed protocol
maximizes the minimum residual energy across the network
in each data collection. We can see that this protocol, referred
to as the max-min protocol, presents a greedy approach to
lifetime maximization by exploiting both CSI and REI of
individual sensors. A distributed implementation of the max-
min protocol, which allows each sensor to determine whether
to transmit based on its own channel state and residual energy,
can be found in [5].

Fig. 1 provides simulation result on the lifetime comparison
of several MAC protocols in i.i.d. Rayleigh fading channel.
All the energy quantities are normalized by the required
transmission energy E in the absence of channel fading.
The “random” protocol which utilizes neither CSI nor REI
randomly chooses a sensor for transmission. The pure conser-
vative protocol which selects the sensor with the most residual
energy maxi{ei} aims to reduce E[Ew] by exploiting REI. On
the other hand, the pure opportunistic protocol which selects
the sensor with the best channel maxi{ci} focuses solely on
minimizing the reporting energy E[Er] by utilizing CSI. To
compare the lifetime performance on a fair basis, we consider
the energy Ees required for channel acquisition in the pure
opportunistic and the max-min protocols. Fig. 1 shows that by
exploiting both CSI and REI, the max-min protocol improves
the network lifetime performance, and the gain in lifetime
increases with the size S of the network.

V. CONCLUSION

In this letter, we derive a general expression for the lifetime
of WSNs which holds regardless of the underlying network
model. This formula provides insights on lifetime-maximizing
protocol design. It reveals that a lifetime-maximizing protocol
should exploit both CSI and REI of individual sensors. Based
on this formula, we propose a greedy approach to lifetime
maximization which achieves considerable improvement in
lifetime performance.
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Lifetime Maximization by 
Scheduling
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‣ Cardei, Du
• Improving Wireless Sensor Network Lifetime through 

Power Aware Organization, Wireless Networks 11, 333–
340, 2005

‣ Problem
• Measurement points are covered by more than one 

sensors
• Multiple measurements waste energy

‣ Solution
• Activate only the nodes with minimum set-cover
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Multiple Coverage of Sensors
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Covering Set
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Disjoint Set-Cover
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Definition Disjoint Set-Cover
(DSC)

11

‣ Given
• n sensors S={S1, S2, ..., Sn}

• m measurement points T={T1, T2, ..., Tm}
• Sensor coverage Si ⊆ T

‣ Compute 
• Maximal number of disjoint coverings, i.e.

- disjoint sets M1, .., Mk from S, such that each set 
covers the set T

‣ Motivation
• The network lifetime increases by a factor of k
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Complexity von Disjoint Set-
Cover (DSC)

‣ Theorem
• DSC is NP-hard for two sets
• DSC is in general NP-hard
• DSC can not be approximated by a factor of 2 without 

solving an NP-hard problem

‣ Several heuristics are known
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Heuristiks for DSC
‣ Slijepcevic Potkonjak 2001

• Power Efficient Organization of Wireless Sensor Networks, 
IEEE International Conference on Communications

• Greedy algorithm
- Greedily selects a mimal covering set
- Removed this one and repeated until no more covering 

set is found
‣ Cardei, Du 2006

• Problem is represented as flow problem
• This is solved as linear problem
• The solution gives an approximation of the disjoint set-

cover problem

13

Mittwoch, 25. Januar 12



Computer Networks and Telematics
University of Freiburg

Algorithms for Radio Networks
Prof. Dr. Christian Schindelhauer

Comparison

‣ Slijepcevic Potkonjak 2001
• simple distributed greedy solution

‣ Cardei, Du 2006
• MC-MIP complex central algorithm

14

IMPROVING WIRELESS SENSOR NETWORK LIFETIME THROUGH POWER AWARE ORGANIZATION 339

Figure 4. Average number of covers computed by MC-MIP, depending on the number of sensors and number of targets.

Figure 5. Average number of covers with 90 sensors with sensing range of 250 m.

In Table 2, we present the maximum, average and minimum
number of covers computed by MC-MIP and the heuristic in
[10] for 90 sensors randomly distributed, with a sensing range
of 250 m when number of targets vary between 10 . . . 50. The
general remark is that the number of covers obtained by MC-
MIP is larger, but the heuristic in [10] has lower execution
time.

Figure 5 compares the number of covers output by MC-MIP
and the heuristic in [10]. The oscillations in cover numbers
occur depending on the sensors and targets random distribution
in the 500 m × 500 m given area. As the number of targets
grows, the average number of sensors that cover every target
decreases, resulting in fewer covers.

5. Conclusion

Wireless sensor networks are battery powered, therefore pro-
longing the network lifetime through a power aware node or-
ganization is highly desirable. An efficient method for energy
saving is to schedule the sensor node activity such that every
sensor alternates between sleep and active state. One solution
is to organize the sensor nodes in disjoint covers, such that
every cover completely monitors all the targets. These covers
are activated in turn, in a round-robin fashion, such that at a
specific time only one sensor set is responsible for sensing
the targets, while all other sensors are in a low-energy, sleep
state. This problem is modeled as maximum disjoint set covers

Cardei, Du
Improving Wireless Sensor Network 
Lifetime through Power Aware 
Organization, Wireless Networks 11, 
333–340, 2005
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Outlook

‣ Disjoint sets of network nodes may not be useful 
• might be too far away from each other
• important relay nodes are not activated

‣ Extension
• Disjoint Connected Set Problem::
• Find vertex-connected subgraph

- Also NP-hard

‣ Similar heuristics exist
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Disjoint Connected Set Problem
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Disjoint Connected Set Problem
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