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Methoden zur 
Energieeinsparung

‣ Zeitplan für Schlafzyklen (Schedule)
• MAC, Routing-Protokoll, Messungen

‣ Minimale Übertragungsrouten
• Viele Hops, wenig Hops

‣ Auswahl von Knoten anhand ihres Ladezustands
• Messwerterfassung
• Wechsel eines Cluster-Heads
• Routenwahl berücksichtigt Ladezustand

‣ Reduzierung der Datenmenge
• Datenaggregation
• Kompression
• Filtern
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Lebensdauer eines 
Sensornetzes

‣ Drahtlose Sensornetze (WSN) 
• günstige, energie-beschränkte Sensoren
• senden Daten zu einer Senke

‣ Lifetime (Lebensdauer) des Netzes
• Analytischer Ansatz ist schwierig

‣ Abhängig von
• Netzwerkarchitektur, Protokolle
• Ereignis/Input-Verhalten
• Definition der Lebensdauer
• Hardware, Kanalcharakteristi
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Lebensdauer
‣ On the Lifetime of Wireless Sensor Networks 

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

‣ Theorem
• Für ein WSN mit 
• E0: nicht-wiederaufladbarer Anfangsenergie E0

• Pc: konstanter kontinuierlicher Energieverbrauch im 
Gesamtnetzwerk

• E[Ew]: erwartete Energieverschwendung
• λ: durchschnittliche Anzahl von berichteten Ereignissen
• E[Er]: erwartete Energie zur Beförderung eines Ereignisses

4

.

E[L] =
E0 − E[Ew]
Pc + λE[Er]
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Greedy Lifetime-Maximierung

‣ Frage: 
• Welche Sensoren sollten die Datensammlung 

durchführen
‣ Greedy Algorithmus

• Wähle den Sensor mit dem maximalen Energie-
Effizienz-Index γi:

• Er(ci):  Energie für den Transport einer Nachricht
• ei: Restenergie des Knoten

5

.

γi = ei − Er(ci)
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Performanz Greedy-Algorithms
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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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Lebenszeitverlängerung durch 
Scheduling
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‣ Cardei, Du
• Improving Wireless Sensor Network Lifetime through 

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

‣ Problem
• Messstationen werden durch Sensoren mehrfach 

überdeckt
• Dadurch entstehen Energieverluste

‣ Lösung
• Durch Aktivierung einer minimalen überdeckenden 

Menge wird der Energieverbrauch minimiert
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Mehrfachüberdeckung durch 
Sensoren
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Überdeckende Menge
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Disjoint Set-Cover
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Definition Disjoint Set-Cover
(DSC)
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‣ Gegeben
• n Sensoren S={S1, S2, ..., Sn}

• m Messpunkte T={T1, T2, ..., Tm}
• Sensorabdeckungen Si ⊆ T

‣ Suche 
• Maximale Menge von disjunkten Überdeckungen, d.h.
• Disjunkte Mengen M1, .., Mk aus S, so dass die 

Sensorabdeckungen von M1, ..., Mk  die Menge T 
ergeben

‣ Motivation:
• Dann lässt sich das Netzwerk k mal länger betreiben
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Komplexität von Disjoint Set-
Cover (DSC)

‣ Theorem
• DSC ist für zwei Mengen NP-schwierig
• DSC ist im allgemeinen NP-schwierig
• DSC lässt sich nicht mit Faktor 2 approximieren ohne 

ein NP-schwieriges Problem zu lösen

‣ Verschiedene Heuristiken bekannt

12
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Heuristiken für DSC
‣ Slijepcevic Potkonjak 2001

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

• Greedy Algorithmus
- Wählt gierig minimale überdeckende Menge
- Entfernt diese und wiederholt, bis keine überdeckende 

Menge mehr gefunden wird
‣ Cardei, Du 2006

• Problem als Flussproblem dargestellt
• Dieses wird als lineares Programm gelöst
• Die Lösung liefert eine Approximierung des Disjoint-Set-

Cover-Problems

13
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Vergleich der Verfahren

‣ Slijepcevic Potkonjak 2001
• einfacher verteiltes Greedy-Verfahren

‣ Cardei, Du 2006
• MC-MIP komplizierter zentraler Prozess
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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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Ausblick

‣ Disjunkte Mengen evtl. als Knoten für Netzwerk nicht 
brauchbar
• könnten zu weit von einander entfernt sein
• wichtige Zwischenknoten werden nicht aktiviert

‣ Erweiterung
• Disjoint Connected Set Problem:

- Suche zusammenhängende knotendisjunkte 
Teilgraphen

• Ebenfalls NP-schwierig
• ähnliche Heuristiken existieren
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Disjoint Connected Set Problem
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Disjoint Connected Set Problem
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