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RF-Based Charger Placement for Wireless-Powered Mobile Body Area Networks
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(School of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract: With the breakthrough in the technology of wireless power transmission, wireless-powered body sensor nodes are able to
harvest radio frequency (RF) energy from RF-based chargers and thus operate continuously. Rational planning of the number and
positions of the chargers is an effective way to improve the charging efficiency and save deployment budget. Previous studies on
RF-based charger placement mainly consider the scenario that nodes are static, or convert to the static scenario using probability statistical
model. With the background of mobile body area network, this paper considers the situation that users carrying sensor nodes have specific
sojourn-move behavior patterns. Based on this behavior model, charger placement optimization problem is formulated with the constraint
of node’s non-outage probability. Both greedy and divide-and-conquer based particle swarm optimization (D&C-PSO) approaches are
proposed to solve the problem. Finally, performances of the two proposed algorithms are evaluated and compared with existing path
provisioning approach through various simulations. Simulation results show that the divide-and-conquer based particle swarm
optimization outperforms both greedy and path provisioning approaches in the charger placement cost while it guarantees the node’s
non-outage probability.
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Fig.4 Charger placement results of the three algorithms in comparison under topology 1
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Fig.5 Charger placement results of the three algorithms in comparison under topology 2

5 A 2 00T 3 AR RE AT E 4 RN B K

© HFBIERAIEIFIDN  hipsswww. jos. org. en



FRB FABHRIEMBA SN T RA Bk

500

&
(=3
S

Number of required chargers

100
50

150

—s— Path provisioning
—o— Greedy
——D&C-PSO

Fig.6

Node’s power consumption (mW)

Impact of the node’s power consumption on the

number of required chargers under topology 1

Ko Jhdh 1H500T 1 RiiHAERTh &

(=N -
(=3 (=3
S S

w
(=3
(=

Number of required chargers

.
(=3
S

Fig.8

© &

(=3 (=3

=3 =
T T

[5~]

(=3

S
T

wo

X RE R 15

150
[100
F 50
03 5 7
—»— Path provisioning
—o— Greedy
——D&C-PSO

[

5 7
Node’s power consumption (mW)

Impact of the node’s power consumption on the

number of required chargers under topology 2

K8 hdh 2 f500 T 1Y sl RER I FED R

X R S R 15

7 HERIE

ASTC G R AR o N P S5 405 R B K P AT R 1 B - R s R AR LA bV 4 T AL

A A P I ABE < R (Y R YDA AT B ol AL, D 2% T A B A 2 1 20 A e A A

1200

200
—s— Path provisioning
w 1000p\ —e— Greedy 150
% —— D&C-PSO
1
S 800f 100
]
= 50
% 6001 1.0 1.5 2.0 2.5 3.0
—
[
S
_§ 400+
E
E
“ 200}
P——
0

1

1.5

2.0

2.5

Charger’s transmit power (W)

59

3.0

Fig.7 Impact of the charger’s transmit power on the

number of required chargers under topology 1
K7 b 10T Re RIS h &
X e Y AR 1) S )

1600

14001

Number of required chargers

200

0
1

—_
[5o]
(=3
=

1000
800+
600
4001

—»— Path provisioning

200

150
100

50
1.0 1.5 2.0 2.5 3.0

—o— Greedy 1

— D&C-PSO B
% |
.0 1.5 2.0 2.5 3.0

Charger’s transmit power (W)

Fig.9 Impact of the charger’s transmit power on the

number of required chargers under topology 2
Ko Jhdh 2 1500 T RERWIR ST
X e Y AR 1Y) 5 )

AN ) L T D A

SR G-RL T RESIE BT T RER UL AL A B SR A 2 407 LS00 AE AN R0 $h AN AN R S HOBUE R 9

LS B M AR o SR IO VE REMEAT TR LU 077 OS5 R AR AR A2 1Y
TR PRSI LU A 7 i IR R 3 BRI
BRRE SR AT BT S RENS 1 — 1 PR B FL U5 P 28 AR

= Hb B
e

© hRBIEB IR

35 il B o TR BESR P T A0
MR, FL 5 B SN L ST 4 ¥ R T RE LI 1 i

http:// Www. jos. org. cn



60 Journal of Software 3434k Vol.28, Supplement (1), October 2017

References:

[1] Guan JB, Wang R, Cui L. Research advances and challenges of body sensor network (BSN). Journal of Computer Research and
Development, 2010,47(5):737-753 (in Chinese with English abstract).

[2] WISP. http://wisp5.wikispaces.com/

[3] UMass Moo. https://spqr.eecs.umich.edu/moo/

[4] Zhang S, Qian Z, Kong F, Wu J, Lu S. P*: Joint optimization of charger placement and power allocation for wireless power transfer.
In: Proc. of the IEEE Int’l Conf. on Computer Communications (INFOCOM). Hong Kong: IEEE, 2015. 2344-2352. [doi: 10.1109/
INFOCOM.2015.7218622]

[5] Dai HP, Liu YH, Liu AX, Kong LT, Chen GH, He T. Radiation constrained wireless charger placement. In: Proc. of the IEEE Int’l
Conf. on Computer Communications (INFOCOM). San Francisco: IEEE, 2016. 1-9. [doi: 10.1109/INFOCOM. 2016.7524385]

[6] FuLK, Cheng P, GuY, Chen JM, He T. Minimizing charging delay in wireless rechargeable sensor networks. In: Proc. of the IEEE
Int’l Conf. on Computer Communications (INFOCOM). Turin: IEEE, 2013. 2922-2930. [doi: 10.1109/INFCOM. 2013.6567103]

[7] LiY]J, Fu LK, Chen M, Chi KK, Zhu YH. RF-Based charger placement for duty cycle guarantee in battery-free sensor networks.
IEEE Communications Letters, 2015,19(10):1802—1805.

[8] He SB, Chen JM, Jiang FC, Yau DKY, Xing GL, Sun YX. Energy provisioning in wireless rechargeable sensor networks. IEEE
Trans. on Mobile Computing, 2013,12(10):1931-1942.

[9] Dai HP, Chen GH, Xu LJ, Liu YH, Wu XB, He T. Effective algorithm for placement of directional wireless chargers. Ruan Jian
Xue Bao/Journal of Software, 2015,26(7):1711-1729 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4618.
htm [doi: 10.13328/j.cnki.jos.004618]

[10] Chiu T, Shih Y, Pang A, Jeng J, Hsiu P. Mobility-Aware charger deployment for wireless rechargeable sensor networks. In: Proc.
of the Asia-Pacific Network Operations and Management Symposium (APNOMS). Seoul: IEEE, 2012. 1-7. [doi: 10.1109/
APNOMS.2012.6356102]

[11] Liu Y, Zhang Z, Luo Y, Wu X. An Improved PSO for multimodal complex problem. In: Proc. of the Int’l Conf. on Intelligent
Computing (ICIC). Taiyuan: Springer-Verlag, 2014. 371-378. [doi: 10.1007/978-3-319-09330-7 44]

Bff H 325 2 STk

[1] B kS, FA4 AR AR BSN AT 58 3E e K I 1 Bl vH LT 2 5 K iE,2010,47(5):737-753.

(97 SRS, Wk B ¥k Ak D0 208, 00 2o e, SR /N S o] Y — TP s 280 ) G 2 7 LB IR AT B AR R 2441 ,20115,26(7):1711-1729. http://www.
jos.org.cn/1000-9825/4618.htm [doi: 10.13328/j.cnki.jos.004618]

2B (1982 —), %, VLI Rl A 18 1 il 2(1968 —), J, 1+, ##2,CCF &k

HIR,CCF Lk £ by, W I 08 To 2k o ] A, BRI ST AT A 190 4% 4 s, 20 B 1
A

BRI (1994 —), 5 i+ 4£ CCF %44 RELA961—), W, 1+ e kS
B, STk 0 2t g A Jifi ,CCF i 2 45 b4, 2 W 9 450k o

Bl k5,50 2 0 4% B .

AELEL(1980—), 3, i+ #4%,CCF Lk s
B, BT P

© HFBIERAIEIFIDN  hipsswww. jos. org. en




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


