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Abstract. This paper proposes an energy-efficient sensor node control 
mechanism to prolong sensor networks’ lifespan by minimizing and equalizing 
energy consumption of sensor nodes. The proposed scheme newly defines three 
operational modes of a sensor node, which are normal, power-saving, and 
inactive. When the remaining energy of a sensor node is lower than the average 
remaining energy of all sensor nodes in the same network or cluster, it operates 
in the power-saving or inactive mode. This makes it possible to minimize and 
equalize energy consumption of each sensor node. The proposed mechanism 
additionally includes another scheme to prevent a sensor node transmitting 
duplicate sensed data. When a sensor node takes sensed data, it compares them 
with pre-sensed data to decide their duplicity. This makes it possible to avoid 
unnecessary energy consumption caused by transmitting duplicate sensed data. 
We implemented and simulated the proposed schemes with TinyOS and NS-2, 
respectively. The simulation results show that the proposed mechanism can 
efficiently reduce and equalize energy consumption, and therefore prolong 
sensor networks’ lifespan. 

Keywords: energy-efficient, sensor node control, remaining energy, normal, 
power-saving, inactive, duplicity. 

1   Introduction 

In wireless sensor networks, it is very important to minimize and equalize energy 
consumption of each sensor node to prolong sensor networks’ lifespan, because the 
only energy source for a wireless sensor node is a battery. The energy is mainly 
consumed during the process of sensing, processing, and transmission [1-2]. In 
particular, RF transmission and reception of data is the major cause of the energy 
consumption. So, many researches are being made to minimize energy consumption 
of sensor nodes by reducing packet size or the number of transmission and reception 
of sensor data [3-7]. Plus, it is also important to equalize energy consumption of each 
sensor node to prolong sensor networks’ lifespan, especially when sensor nodes are 
widely distributed. 
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This paper proposes an energy-effective sensor node control mechanism based on 
sensed data and power monitoring to improve energy efficiency and sensor networks’ 
lifespan. 

2   Sensor Node Control Based on Sensed Data and Energy 
Monitoring 

The proposed mechanism newly defines three operational modes of a sensor node, 
which are normal, power-saving, and inactive. A sensor node operates in one of the 
three operational modes, which are decided by a monitoring entity (e.g., network 
management system) connected to a sink node. Every sensor node reports its 
remaining energy with its sensed data to the monitoring entity. And then the 
monitoring entity decides each sensor node’s operational mode and sends a control 
command to each sensor mode to make it operate in the mode. 

 
if (ESN ≥ Eavg) 
 mode ← normal 
else if (Eth < ESN < Eavg) 
 mode ← power_saving 
else 

mode ← inactive 

 
Fig. 1. Operational mode decision algorithm 

 
Fig. 1 shows the operational mode decision algorithm used by the monitoring 

entity. The operational mode decision is made by comparing the remaining energy of 
a sensor node with the average remaining energy of all sensor nodes in the same 
network or cluster. A sensor node operates in normal mode when its remaining energy 
(ESN) is higher than the average remaining energy of all sensor nodes (Eavg), whereas a 
sensor node operates in power-saving mode when its ESN is lower than the Eavg. As the 
sensor node keeps consuming its battery capacity and its ESN is lower than the pre-
defined threshold Eth, the sensor node operates in inactive mode until the Eavg reaches 
the threshold Eth. 

Table 1 shows the comparison between three operational modes. A sensor node 
operating in normal mode senses and transmits data with a normal period (T) which  
 

Table 1. Operational modes of a sensor node 

Operational modes Period of Sensing and Transmission 

Normal T 

Power-saving 3 × T 

Inactive not applicable 
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can be set and adjusted by the monitoring entity. In power-saving mode, the sensing 
and RF transmission period is longer than T, so energy consumption from sensing and 
data transmission is reduced. In our implementation and simulation, the period in 
power-saving mode is three times longer than T. A sensor node operating in inactive 
mode not only stops sensing and transmitting data but also makes its MCU operate in 
sleep mode. So, energy consumption of a sensor node can be minimized during the 
node stays in the inactive mode. 

The proposed mechanism includes another scheme to prevent a sensor node 
transmitting its duplicate sensed data to additionally reduce energy consumption of 
the sensor node. When a sensor node senses data, it compares them with pre-sensed 
data to decide their duplicity. If they are identical, the sensor node does not send the 
duplicate sensed data. 

Fig. 2 shows the system architecture for the proposed mechanism with the flow of 
data and control messages. Each sensor node periodically sends to the sink node its 
remaining energy value with its sensed data such as temperature, humidity, 
luminance, etc. by RF transmission. The kind(s) of sensed data can be specified by the 
monitoring entity. The sink node delivers the data to the monitoring system by serial 
communication. After receiving the data from the sink node, the monitoring entity 
processes the data and decides each sensor node’s operational mode by using the 
algorithm shown in Fig. 1. The monitoring system sends a control command 
specifying an operational mode to each sensor node via the sink node. When a sensor 
node receives the control command, it operates in one of three operational modes. 

 

Fig. 2. System architecture of the proposed mechanism 

Fig. 3 and 4 show the algorithms of a sensor node and the monitoring entity, 
respectively. As shown in Fig. 3, the operational mode of a sensor node can be 
changed only when it receives a control command from the monitoring entity. A 
sensor node operating in inactive mode stops sensing and transmitting data until it 
receives a new control command specifying a different operational mode. When a 
sensor node receives a control command specifying power-saving mode, it increases 
its sensing period to three times longer period to reduce its energy consumption. If 
there is no duplication between current and old sensed data, a sensor node sends the 
current sensed data to the sink node by RF transmission. Yet, if there is a duplication  
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Fig. 3. Sensor node algorithm 

between them, the sensor node delays sensing and transmitting the data for a sensing 
period. In the proposed scheme, we define the maximum number of delays as 3 to 
prevent the monitoring entity from misunderstanding the data duplicity as the end of 
sensor nodes’ lifespan. If the data duplication continuously happens three times in 
power-saving mode, the RF transmission will be made in 9 times longer period than 
the normal period T. 

As shown in Fig. 4, the monitoring entity decides the operational mode of each 
sensor node and it sends a control message to the sensor node to make it operate in the 
decided operational mode. The entity also has the function of data monitoring and 
processing. 
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Fig. 4. Monitoring entity algorithm 

3   Performance Evaluation 

This section evaluates the performance of the proposed mechanism by simulation 
using NS-2. Table 2 and Fig. 5 show the parameters and topology of the simulation, 
respectively. We compare the performance of the proposed mechanism with that of 
IEEE 802.15.4. Two critical performance criteria are average remaining energy and 
standard deviation of remaining energy. We assume that 30% of sensed data are 
duplicated once, the other 30% are duplicated twice, and the remainder 40% are not 
duplicated with pre-sensed data. 

Fig. 6 and 7 show the average remaining energy and standard deviation of 
remaining energy, respectively. As shown in Fig. 6, the average remaining energy of 
the proposed mechanism is higher than that of IEEE 802.15.4, which means that 
energy consumption can be reduced very much by the proposed mechanism. As 
shown in Fig. 7, standard deviation of the proposed mechanism is much lower than 
that of IEEE 802.15.4, because energy consumption of all sensor nodes is equalized 
by the proposed mechanism. 
 



320 H.-G. Song et al. 

 

Table 2. Simulation parameters 

Parameters Values 

MAC IEEE 802.15.4 

Routing protocol AODV 

Network size 50 m × 50 m 

Number of sensor nodes 20 

Normal sensing period (T) 3 sec 

Packet size 30 bytes 

Simulation time 60 sec 

Initial energy 0.5 Joules 

TxPower 0.4 W 

RxPower 0.3 W 

 

Fig. 5. Simulation topology 

 
Fig. 6. Average remaining energy 
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Fig. 7. Standard deviation of remaining energy 

4   Conclusions 

This paper proposes an energy-efficient sensor node control mechanism to prolong 
sensor network’s lifespan. The monitoring entity defines one of three operational 
modes for each sensor node based on the remaining energy to reduce and equalize 
energy consumption of each sensor node. Plus, the proposed mechanism can make it 
possible to additionally reduce energy consumption by preventing a sensor node from 
transmitting duplicate sensed data. The simulation results show that the proposed 
mechanism can prolong sensor networks’ lifespan by minimizing and equalizing 
energy consumption of a sensor node. 
 
Acknowledgments. This research was supported by Basic Science Research Program 
through the National Research Foundation of Korea(NRF) funded by the Ministry of 
Education, Science and Technology(2011-0010627) and Industrial Strategic 
Technology Development Program funded by the Ministry of Knowledge Economy, 
Korea(10038653, Development of Semantic Based Open USN Service Platform). 
This work was supported by 2011 Research Support Program of Korea Nazarene 
University. Corresponding author: Hee-Dong Park (E-mail: hdpark@kornu.ac.kr). 

References 

1. Madden, S.R., Franklin, M.J., Hellerstein, J.M., Hong, W.: TinyDB: An Acquisitional 
Query Processing System for Sensor Networks. ACM Transactions on Database 
Systems 30(1), 122–173 (2005) 

2. Girban, G., Popa, M.: A Glance on WSN Lifetime and Relevant Factors for Energy 
Consumption. In: Proceeding of International Joint Conference on Computational 
Cybernetics and Technical Informatics, pp. 523–528 (2010) 



322 H.-G. Song et al. 

 

3. Wu, Y., Li, X., Liu, Y., Lou, W.: Energy-Efficient Wake-Up Scheduling for Data 
Collection and Aggregation. IEEE Transactions on Parallel and Distributed Systems 21(2), 
275–287 (2010) 

4. Jurdak, R., Ruzzelli, A.G., O’Hare, G.M.P.: Radio Sleep Mode Optimization in Wireless 
Sensor Networks. IEEE Transactions on Mobile Computing 9(7), 955–968 (2010) 

5. Juzheng, L., Shatz, S.M., Kshemkalyani, A.D.: Mobile Sampling of Sensor Field Data 
Using Controlled Broadcast. IEEE Transactions on Mobile Computing 10(6), 881–896 
(2011) 

6. Kurp, T., Gao, R.X., Sah, S.: An Adaptive Sampling Scheme for Improved Energy 
Utilization in Wireless Sensor Networks. In: Proceeding of IEEE Conference on 
Instrumentation and Measurement Technology, pp. 3–6 (2010) 

7. Alippi, C., Anastasi, G., Di Francesco, M., Roveri, M.: An Adaptive Sampling Algorithm 
for Effective Energy management in Wireless Sensor Networks with Energy-Hungry 
Sensors. IEEE Transactions on Instrumentation and Measurement 59(2), 335–344 (2010) 


	Energy-Efficient Sensor Node Control Based on Sensed Data and Energy Monitoring
	Introduction
	Sensor Node Control Based on Sensed Data and Energy Monitoring
	Performance Evaluation
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




