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Abstract: On the basic of the demands of communication requirements, this study has presented realization
ways of cooperative communication in body area network group and energy consumption control issues. Based
on the dynamic routing protocol DSR, energy saving self-adaption route DSR-C of cooperative communication
in body area network group has been designed. Besides, the simulation analysis of DSR-C also has been
conducted in this study. The results show that adopting DSR-C will reduce the energy consumption of
communication effectively as well as improve the lifecycle and effective working time of network group.
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1. Introduction

Body area network (BAN) is a kind of wireless
network set on human body, applied in the remote
real-time monitoring about the condition of human
body or small mobile object and their surrounding
environment. BAN has been set with extensive
application prospects in the fields of health care,
firefighting rescue, military, and aerospace.

The direct communication mode is mostly taken
in the practical application of BAN. Each node will
convey the collected data to the center node, in which
collected data brought together and being processed
to be uploaded to data center by external network.
Apart from direct communication mode, the situation
about cooperative communication of BANs in
network group should be recognized as body area
network group includes several body area networks.
Due to the mobility of BAN, distance variation and
signal attenuation will increase the energy
consumption of communication in some BANs of
network groups. Even the direct communication with
external network will be cut off. At this moment, the

Article number P_SI 422

data transmission can be conducted by the
cooperative communication of contiguous BANs in
network group. On the basic of the demands of

communication requirements, this study has
presented  realization ways of  cooperative
communication in body area network group.

Furthermore, the routing policy, suitable for
cooperative communication in body area network
group, has been designed in this study as well as
simulation analysis.

2. Analysis of Energy Consumption

Being set on human body, the miniaturization of
components in BAN limits the power capacity.
Therefore, the requirements for the control of energy
consumption in BAN communication are relatively
higher. When the energy consumption of direct
communication in BAN is massive, and the route
should have been created by each BAN in network
group to transmit data through their cooperative
communication, to guarantee the requirements of
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effective communication and energy conversation in
body area network group.

Cooperative communication in body area network
group makes use of information forwarding function
of center node in BAN to transfer information from
one center node to another one.

As is shown in Fig. 1, when cooperative
communication is conducted in body area network
group, there are “m” information channels between
sending end and destination, if BAN M has been
selected as the cooperation point by BAN A to send
data to target point B.
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Fig. 1. Schematic Diagram of Cooperative Communication
in Body Area Network Group.

According to the relationship of link and load, the
energy needed in sending per bit data from BAN A to
target point B is as follows [1]:

)

In this formula, G, and G, stand for the antenna
gain in sending end and destination respectively;

A stands for the wavelength of carrier wave;

a stands for path loss exponent, whose usual
value ranging from 2 to 4;

E» stands for the lowest energy needed in
receiving per bit date in the condition of a given
bit error rate;

dy, stands for the communication distance
between cooperation point M and target point B.

The receiver is assumed to adopt the detection
technology of maximum likelihood to calibrate data.
According to the boundary theorem, the bit error rate
of receiver is [2]:
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In this formula, N, stands for the number of
adjacent BAN in network group;

o stands for SNR of the receiver;

h; stands for function of channel transmission;

Ny stands for unilateral power spectral density of
white Gaussian noise;

d,i, stands for the shortest distance between two
adjacent BANs.

Work out the mathematical expectation of the

formula (2) and get Eb as the maximum. The mean
emitted energy needed in sending per bit data from
transmitting terminal can be calculated as [3]:
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Energy consumption of circuits in transmit-
receive ends is assumed as E, and E,, respectively;
the total energy consumed in the circuit transmitting
per bit data is E,, which is approximately represented
as E.(m)=mE, +E,. Therefore, the total energy
needed in transmitting per bit data when conducting
cooperative communication is:

mN, .,
_lo EdAB+EC(m) (4)
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Comparing the energy consumption of direct
communication with that of formula (4), sensitive
distance of energy assumption in cooperative
communication of BAN can be concluded as follows:

dAB > mEcr + (mm—;\})Ect (5)
S(Eb - f)
p."

When the communication distance between each
BAN in network group meets the demands of
formula (5), energy consumption of cooperative
communication is lower than that of direct
communication. Therefore, when communication
distance among BAN is shorter than sensitive
distance d4p, direct communication will be taken into
consideration preferentially; when communication
distance among BAN is longer than sensitive
distance d,p, cooperative communication in body
area network group will be much more proper.

3. Routing Design

Based on above analysis of energy consumption
in BAN communication, we have designed self-
adaption route DSR-C adapting to the cooperative
communication in body area network group on the
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foundation of the dynamic routing protocol DSR
(Dynamic Source Routing Protocol) [4]. This design
has been conducted in order to meet the demands of
effective communication and energy-saving in body
area network group.

1) Route Discovery.

The routing table in the center node of BAN
included the completed routing information to the
target point. When communication was needed by a
BAN with the target point, route cache should be
examined firstly. If there was an effective route, the
data could be transmitted by this route directly;
otherwise another routing request procedure should
be initiated.

During the procedure of initiating request, center
node of BAN broadcasts the routing requests. After
receiving the requests, the relevant center node in
network group estimated the requests of target
address to judge whether the information had arrived
at the target point, or whether route cache had
included the routing information to target address. If
the result was positive, a relative routing response to
the original center node will be made; if the result
was negative, the address would be added into the
sequences of requests and the requests would be
broadcasted continually. All the routing information
from the original center node to target point was
concluded on the routing responses. Any one center
node, transmitting or receiving requests, would
update the routing table according to the routing
information in requests.

2) Routing.

When the cooperative communication in body
area network group was necessary, center node of
BAN examines its own routing table firstly to find
out whether a route existing on the way to the target
point. If there was a route, this route should be
recorded into the head of datagram and the data
could be transmitted to the target point directly; if
there was not, the routing requests should be
triggered to broadcast the routing requests to relevant
center node in network group. If transmitting
requests of BAN was time-out and receives no
responses, the routing requests would be resent
continually until the existence of routing responses.
Or, if after several retransmissions there was still not
any routing request, the cooperative communication
would be triggered to enlarge the communication
range reopening transmission about routing requests,
so as to obtain the responses of target point.

The flow chart on acquiring routing of
cooperative communication in body area network
group was shown in Fig. 2.

3) Route Maintenance.

When center node in body area network
transmitted data, the maintenance of the built route
was needed. If mistakes happened in data
transmission of BAN, the center node would
feedback wrong routing information to original
center node. This wrong information included two
addresses of endpoint ends with unsuccessful links.
The center node, receiving the wrong routing

information, would delete the route with the link
from route cache so as to reduce the routing influence
of unsuccessful link to the minimum degree. When
the original center node received the wrong
information, the route discovery would be
initiated again.
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Fig. 2. The Route Acquisition Procedure of
Cooperative Communication in Network Group.

Energy was limited in nodes of BAN; therefore,
maintenance strategies could only be taken on
occasion in case of the energy consumption in
continuously transmitting information of
disconnected links. That’s, when a link is broken,
maintenance is taken only if the center node makes
use of this node. Besides, other center nodes
including the disconnected link in network group
would receive the information. If the disconnected
link is disused, no route maintenance would be taken
so as to reduce the maintenance consumption.

4. Simulated Analysis

In order to verify the conclusion of above
analysis, simulation tool of OPNET has been applied
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in this study to make simulated analysis about the
given cooperative communication in body area
network group and designed routing policy
DSR-C [5].

1) Network Model

Network model was created by OPNET Model,
and the simulated area was assumed as the outdoor
environment of 1000 m x 1000 m. 40 nodes was
spread over 8 BANSs, distributed in the simulated area
randomly. The distance between each branch node
and their center node in BANs was fixed, and the
center node could move randomly in simulated area.
CBR was taken as network data flow with the data
traffic of 4packet/s and data package of 256 bit.

The structure chart of network model was
shown in Fig. 3.

2) Energy  Consumption of  Cooperative

Communication in Network Group

As previously mentioned, the total energy
consumption of cooperative communication in
network group is related to the adopted routing
policy. As shown in Fig. 4, compared with the
situation of adopting dynamic route DSR, adopting
self-adaption route DSR-C of energy conversation
could enable each BAN to send data along the
optimal energy saving touting to the target point (or
base station), with saving about 30 % energy
consumption in communication. When blind areas of
communication coverage appeared, cooperative
communication could be taken to expand the
coverage area as well as to reduce the rate of routing
interruption and energy consumption needed in route
maintenance.

3) Lifetime of Network

As shown in Fig. 5, after 6 hours of simulation,
some BANs in network group failed due to energy
exhaustion of center nodes. Compared with the
situation of adopting DSR, the appearance of valid
BAN was delayed when adopting DSR-C and the
growth rate of valid BAN was relatively lower;
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besides, the number of valid BANs in network group
was less too. After 15 hours of simulation, almost
every BAN in network group adopting DSR failed;
while 4 BANSs in the network adopting DSR-C were
still working. Therefore, from the perspectives of
working time of BANs and the number of remaining
BANSs in network, DSR-C is superior to DSR.

5. Conclusions

Due to the mobility of BAN, distance variation
and signal attenuation will lead to the increase of
communication energy consumption of BAN in
network group. Even the direct communication with
external network will be cut off. At this moment, the
data transmission can be conducted by the
cooperative communication of contiguous BANs in
network group. Cooperative communication in body
area network group makes use of information
forwarding function of center node in BAN to
transfer information from one center node to
another one.

Based on the dynamic routing protocol DSR, self-
adaption route DSR-C with energy conservation of
cooperative communication in body area network
group has been designed. The results shown that
adopting DSR-C could reduce the energy
consumption of communication effectively as well as
guarantee the effective communication.

The simulation results shown that based on the
effective communication and energy conversation,
designed self- adaption route DSR-C has assisted
body area network group to select direct
communication or cooperative communication to
transmit the data. In this way, network energy has
been made full use of to improve the lifecycle and
effective working time of network group.
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Fig. 3. Simulated Model of Cooperative Communication in Network Group.
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Fig. 4. Energy Consumption Comparison of Cooperative
Communication in Network Group.

Acknowledgement

National Science Fund Project of Guizhou
Province: Stage Research Results of Research on
Environment and Safety Monitoring of Wireless
Sensor Network System ([2011] No. J2204 Contract
of Technology Gallery in Guizhou Province).

References

[1]. Wenge  Zhang, Yuxiang Zhang, Simulation
Optimization Method of Communication Network
Based on OPNET, Electronics Technology, Vol. 9,
2005. pp. 33-36.

Fig. 5. Number Comparison of Unsuccessful BANs
in Network Group.

[2]. Wenfeng Li, Lianfeng Shen, Jing Hu, Optimization
Method of Self-adaption Route with Energy
Conservation in Communication among Sensor
Network Clusters, Journal on Communication, Vol. 3,
2012, pp. 10-19.

[3]. Xin Liu, Qiufeng Hao, Wireless Personal Area
Network Technology and Relevant Protocols, Journal
of Information Engineering University, Vol. 10, 2007,
pp- 80-82.

[4].Yick J., Mukherjee B., Ghosal D., Wireless Sensor
Network Survey, Computer Networks, Vol. 52, Issue 4,
2008, pp. 2292-2330.

[5]. Cui S., Goldsmith A. J., Bahai A., Energy-constrained
Modulation Optimization, [EEE Transactions on
Wireless Communications, Vol. 4, Issue 5, 2005,
pp. 2349-2360.

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.
(http://www.sensorsportal.com)

Sensors & Transducers Journal (ISSN 1726-5479)

Open access, peer review

international journal devoted to research,
development and applications of sensors,

transducers and sensor systems.

The 2008 e-Impact Factor is 205.767

Published monthly by

International Frequency Sensor Association (IFSA)

Submit your article online:

http://www.sensorsportal.com/HTML/DIGEST/Submition.htm

173


http://www.sensorsportal.com/HTML/DIGEST/Submission.htm
http://www.sensorsportal.com/HTML/DIGEST/Submission.htm


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 300
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


