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ABSTRACT 
Recent advances in Wireless Body Area Sensor Network 
(WBASN) technology has become a leading approach for several 
promising applications in the medical field. WBASN is the 
network is built with different kinds of physiological sensors 
which measures different vital parameters on the human body for 
the purpose of monitoring the patients. Prediction and modeling 
are very two important issues which are required to address while 
building a WBASN. To enhance the long-term critical health 
monitoring, a robust predictive approach should be incorporated 
in every WBASN system and it leads to saving computation time 
and increasing the energy. 

In this paper, we describe the use of polynomial regression for 
predicting and modeling biological functions.  We also describe 
how effective different orders of polynomials can be.  There are 
four functions that we use for this purpose: blood pressure, scalp 
EEG signals, the walking gait of people with neurodegenerative 
disorders, and lastly motor movement signals. We have also used 
two different degrees of polynomial functions to determine the 
predictive value. 

Categories and Subject Descriptors 

C.2.0 [Computer-Communication Networks]: General; D.0 
[Software]: General; E.0 [Data] General; G.1.0 [Mathematics of 
Computing]: Error analysis; 

General Terms 

Design 
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1. INTRODUCTION  
Typically reading and recording biological functions requires a 
great deal of space.  Recordings are often made at very small 
intervals and taken over a great deal of time requiring extremely 
large databases for this data.  It also offers very little ability to 
make predictions for future readings.  By using polynomial 
regression the only data that needs to be stored are the beta values 
of the polynomials.  Then by using the time of day as input an 
approximate value for the given time can be acquired. Normally 
the advantages of this would be minimal; however, when used in 
conjunction with a wireless body area network (WBAN) the 
benefits are greater [1, 2]. 

A WBAN is a group a network computing devices that a user can 
wear on their body. Typically, this consists of several peripheral 
body sensors units (BSUs) and a single central unit to collect the 
data. The applications are numerous and include: monitoring vital 
signs of patients at risk of a heart attack, or detecting declines in 
insulin levels in diabetic patients.  In addition, fact that the 
devices are wireless gives the patients freedom of movement that 
make them more attractive than traditional sensors.  However, 
with this convenience comes a limitation, the greatest of which is 
providing power from a limited source.  It is in this area the 
aggregation could provide improvements. Data aggregation can be 
implemented in a number of ways, such as clustering, data-centric 
routing, and others.  Using polynomial regression for data 
aggregation provides much larger reductions in the amount of data 
that needs to be sent.  In exchange the accuracy of the data is 
reduced.  Where polynomial regression is most effective is when 
data is correlated over some dimension, in this case that is time.  

2. BACKGROUND AND MOTIVATION 
Data aggregation schemes in wireless networks tend to have one 
thing in common: preventing redundant data from being 
forwarded throughout the network [3]. To accomplish this, 
intermediate nodes are placed at junctions throughout the 
network. It is their job to collect data from lower nodes, analyze 
the data for redundancies, and pass on only the data with 
relevance and uniqueness. For example, wireless nodes that detect 
temperature in an outdoor environment are likely to have similar 
readings as those nearby. A simple aggregation scheme could be 
to simply pass only one temperature reading on to represent all the 
nodes connected to the sink. More complicated solutions are 
required for more complicated issues that arise. 
If a network uses cluster heads, they are likely to drain their power 
source much faster since they are sending the data for many nodes 
rather than just their own information. One solution would be to 



shift cluster heads to power rich nodes in order to prolong the 
lifetime of the network [5]. 
A similar data aggregation scheme has been implemented in 
another work that is similar to what we propose though it is used 
for modeling temperature over a 2-d area.  We felt that this same 
idea can be applied to body networks [4, 5]. 
We are using polynomial regression because the amount of data 
that would need to be sent by the sensors would remain stable 
over time, and is only dependent upon the order of the polynomial 
used.  In addition, if a polynomial reasonably models the data, it 
can be used to predict data outside of scope of what has already 
been measured. This requires that the accuracy of the polynomial 
be high so that meaningful information can be predicted from it. 
Also, as WBANs become more and more common, it is likely the 
amount of data they will measure will increase, and the need to 
conserve power will become more and more necessary 

3. CREATING POLYNOMIALS 
Polynomial regression is a process of a relationship between a set 
of independent variables and a dependent variable is established, 
and modeled as an nth order polynomial.  It is considered a 
special type of linear regression.  In statistics it is used to provide 
an estimate of real data.  It can also provide the ability to estimate 
values that are outside the range of original independent variables.  
Often it is displayed visually a line graph as shown in figure1. 

 
Fig1: Data representation by Polynomial Regression 

3.1 Making Polynomials 
For demonstration and comparison we used 4th and 8th order 
polynomials.  Their polynomials have the form: 

4th: 

 
8th: 

 
  

In this case the β values are the coefficients of the polynomial, 
and obtaining them is the primary goal of polynomial regression.  
If we start with a group of paired values (in this case a time and 
reading) and x is our time value, then y is our reading value.  At 
this point two matrices need to be created in order to get the beta 
values we need. The following formulas are for a 4th order 
polynomial.  The 8th order polynomial is similar in look though 
larger. 
The first matrix: 

 
The second matrix:           The beta matrix: 

Z=                

The formula using these: 

,   So,   

3.2 Interpreting Results 
To interpret the results, we assessed the results using the standard 
error, and the correlation coefficient. 

3.2.1 Standard Error 

 
Where  is the predicted value of y.  Basically, RSS is the 
residual sum of squares. 

3.2.2 Correlation Coefficient 
 

 
                                      ;   = mean, and   =predicted value of y. 

3.3 Limitations 
Before Talking about the results of our work it is important to talk 
about the limitations of polynomial regression.  First there is the 
fact that the polynomial is an estimate of the actual data.  
Therefore it is understood that it could not be used in situations 
where readings that are as accurate as possible are needed.  In 
addition, biological signals are often in pulses, such as a heartbeat 
or the signals of a neuron.  A polynomial is much better at 
modeling over trends of activity over time.  Therefore, while it 
often does model the overall trend, it won’t capture the 
movements on a small scale. 

4. EXPERIMENTATION 
Initially, data was obtained from PhysioBank ATM [6] which is 
website containing publically available data on a variety of 
different biological functions. The desired information can be 
downloaded as a text document that has columns for time, and 
reading. We wrote a program in Java that reads in the relevant 
file, performs polynomials regression on the data, and returns a 
text file with a third column containing the predicted results at 
each time stamp.   
In addition, the standard error and correlation coefficient are 
calculated to provide a numerical measurement of the accuracy of 
the prediction.  The Correlation coefficient is especially useful for 
this since it is easily interpreted.  The standard error simply gives 
information on how much the prediction is likely to be wrong. A 
higher correlation coefficient is better, and a lower standard error 



is better.  If the standard error was 0, and the correlation 
coefficient was 1.0, the polynomial would perfectly model the 
data (though this is an unlikely outcome for real world data). 
This output file can then be imported into excel to provide 
visualization in the form of the graphs included in this paper. 

5. RESULTS 
Below are the results from three different biological signals 
captured by a polynomial of order 4, and order 8 for comparison.   

5.1 Blood Pressure 
This is from a sample size of 80 where readings are taken at 0.01 
second intervals.  The readings are mmHg values. 

5.1.1 4th Order 

 

5.1.2 8th Order 

 

5.2 EEG Scalp Readings 
The sample size of the data is 80, taken at 0.0039062 sec 
intervals.  EEG signal measured is FZ-CZ, and readings are in uV. 

5.2.1 4th Order 

 
 

5.2.2 8th Order 

 

5.3 Degenerative Gait EEG Readings 
The sample size is 300, and measures signals sent to left leg at 
0.0033333 sec intervals.  Readings are in mV. 

5.3.1 4th Order 

 

5.3.2 8th Order 

 

5.4 Motor Movement EEG Readings 
Sample size is 80, with data taken in 0.00625 sec intervals. The 
measured signal is FCZ, and readings are values of uV. 

5.4.1 4th Order 

 



5.4.2  8th Order 

 

6. INTERPRETATION & OBSERVATION 
Our research attempts to model real world information using 
polynomials.  In this case our model is the attempt to describe 
some real world phenomenon using mathematical concepts and 
languages. Essentially, if our polynomial reflects real data with a 
high degree of accuracy, then we can consider it an effective 
mathematical model. We used 4 different biological signals to 
order to assess the ability of a polynomial function to model real 
world data.  The reason for choosing motor movement signals, 
degenerative gait EEG readings, EEG scalp readings, and blood 
pressure measurements was in order to measure a variety of 
biological functions.  For instance, blood pressure measure is the 
force with which the heart pushes blood through the body.  This is 
very different from the EEG electric signals that can be detected 
through a patients scalp.  Motor movement and degenerative gait 
measurements are different from the scalp readings in that they 
relate to real muscle movement in a person’s body.  Therefore the 
readings have a simple cause and effect relationship (if the signal 
looks a certain way then a person’s arm will flex).  Lastly, motor 
movement readings are taken from healthy individuals and 
represent the healthy working movement and could possibly be 
compared to patients with degenerative disorders.  By having a 
variety of measurement we can decide where polynomials are 
more effective at predicting data. Both the 4th and 8th order 
polynomials we choose are for two reasons.  First they both give a 
good indication of how well real data can be represented with 
polynomials. Second it how the relative increases in accuracy the 
increasing orders can provide. Often increasing the order of the 
polynomial provides decreasing benefits as they become larger, 
and at a certain point, the increasing complexity of the calculation 
negates the small increase in accuracy.  That having been said, 4th 
and 8th order polynomials were chosen because they provided 
good contrast and do a good job of demonstrating the accuracy of 
our research. 
In looking at our results, in every case 8th order polynomials are 
more accurate.  This is most obvious in blood pressure 
measurements and scalp EEG measurements where the accuracy 
saw an increase of around 0.5.  These two are also the most 
accurate as measured by their correlation coefficient, though the 
accuracy of the degenerative gait predictions is still fairly high. 
The reason for the differences is likely to be due to the smoother 
transitions for scalp EEG signals and blood pressure 
measurements. As we said earlier, polynomials work best where 
there is a high correlation between measurements taken at similar 
times. The more erratic seeming the signals are, the lower the less    
polynomial can accurately model the results. 
 

CONCLUSION 
In this paper, we propose a prediction based model for the 
emerging Wireless Body Area Network. This model basically 
deals with four different types of data which are very much 
relevant in recent medical field. Our regression polynomial model 
was applied to each and every data function and it helped to 
determine a predictive value of those functions using both the 4th 
order and the 8th degree polynomial regression function. This 
leads to significant saving of energy and time. Also as the 
numbers of nodes connected to a cluster head (CH) increases the 
amount of data the CH needs to pass on, remains constant as a 
factor of the order of the polynomial. Another benefit is that data 
outside the scope of the measured data can be predicted; assuming 
the polynomial accurately models the system. 

FUTURE WORK 

In the future work, we are trying to work with more biological 
functions using our model. With a larger variety of functions, it 
may be clearer where polynomials could be used to the greatest 
effect. Also we are trying to increase the number of samples so 
that the predictive values should be more prominent and clearly 
understandable for the users. Also, some of the signals (such as 
the motor movement signals) are quite erratic at a small scale. By 
increasing the scale we may find that the trends that were difficult 
to predict and seemingly erratic will become more obvious and 
predictable. We are trying to increase the accuracy of the 
polynomials so that the output would become more accurate and 
provide a robust model for prediction.  The obvious way of doing 
this is to increase the order of the polynomial, though that would 
come at a cost of greater computing time and most data that needs 
to be sent, which is the opposite of our purpose.  It would also be 
useful to compare this to popular methods of data aggregation to 
see where it is more or less effective. 

REFERENCES 
[1] Chakraborty, S., Ghosh, S. K., Jamthe, A., & Agrawal, D. P. 

(2013). Detecting mobility for monitoring patients with 
Parkinson’s disease at home using RSSI in a Wireless Sensor 
Network. Procedia Computer Science, 19, 956-961. 

[2] Jamthe, A., Chakraborty, S., Ghosh, S. K., & Agrawal, D. P. 
(2013, May). An Implementation of Wireless Sensor 
Network in Monitoring of Parkinson's Patients Using 
Received Signal Strength Indicator. In Distributed 
Computing in Sensor Systems (DCOSS), 2013 IEEE 
International Conference on (pp. 442-447). IEEE. 

[3] Torsha Banerjee, Kaushik R. Chowdhury, Dharma P. 
Agrawal: Distributed data aggregation in sensor networks by 
regression based compression. MASS 2005 

[4] Torsha Banerjee, Kaushik R. Chowdhury, Dharma P. 
Agrawal: Using polynomial regression for data 
representation in wireless sensor networks. Int. J. 
Communication Systems 20(7): 829-856 (2007) 

[5] Torsha Banerjee, Bin Xie, Jung Hyun Jun, Dharma P. 
Agrawal: Increasing lifetime of wireless sensor networks 
using controllable mobile cluster heads. Wireless 
Communications and Mobile Computing 10(3): 313-336 

[6] Physionet: Available at http://www.physionet.org/cgi-
bin/atm/ATM  



<<
  /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 1.5
  /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 (None)
  /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


