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Abstract- The temperature recovering curve derived by cold
stimulation experiment reveals human inner metabolism
status. The errors of the measured date should be eliminated.
A Tikhonove regularization method is used in this study to
regularize the original data. The results present that the ability
of body metabolic function can be measured by the
temperature derivative curve, especially the characteristics in
the first stage. Two typical shapes of these derived curves
reflect the difference of two kinds of blood vessels in clinic.
These temperature derivative curves oscillate generally in the
last stage.
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I INTRODUCTION

The original collected data, including clinic data and
experiment data, are very significant in biomedical signal
processing. Inaccurate original data will result in serious
mistaken analysis. The inaccuracy always results from the
measure error of machine and man-made influence. Once
the error exceeds an acceptable limit, the measured data
will be unusable. So, data-filtering is the prerequisite for
further data process.

During the past six years, a novel metabolic function
parameter is proposed based on cold stimulation
experiment[1-3]. This parameter could evaluate the inner
metabolism status quantitatively. By systematic research, it
is found that the measured body surface temperature is
contaminated by errors. When the temperature derivative is
considered, the original data present a big disorder, as
showed in Fig.1. In Fig.1, blue point is the original
temperature value and the red weighted curve is its
corresponding derivative. Here, an infrared thermograph
(TH5108ME, made by NEC san-ei Instrument, Itd, Japan) is
used to record temperature in the experiment. In practice,
the longer the distance between hands surface and the
receive screen is, the larger the difference between two
neighboring points of the infrared image would be. The
average distance error will reach £0.2°C. The machine
accuracy of thermograph is =0.1°C. So, the total measure
error of temperature is +0.3°C. The temperature of human
body is continuous and smooth. In order to improve the
accuracy of the following research, it is necessary to
eliminate the measure error as much as possible. In this
paper the errors are filtered out by regularization method.
This method(strategy) was advanced by Tikhonov and
Philips in 1960s respectively[4]. They provided a useful
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method to deal with discrete ill-posed problems and it has
wide applications in many science engineering fields.

The outline of this paper is the following: the basic
theory of regularization method is introduced in part two.
And in part three, the regularized results are presented and
the characteristics of metabolic activity curves are discussed.
Finally, some concluding remarks are provided.

IIMETHOD
Given a linear discrete ill-posed problem [4-7]:
Ax=b, AeR™", m=>n )

where A4 is an ill-conditioned matrix and b is a vector
which is measured discretely with data errors.

The primary difficulty of the solution is highly sensitive
to high-frequency perturbations. Hence, it is necessary to
incorporate further information about the desired solution in
order to stabilize the problem and single out a useful and
stable solution. This is the purpose of regularization.

Undoubtedly, the most common and well-known form of
regularization is the one known as Tikhonov regularization.
It amounts to solving the problem:

min{]| Ax—b5 +A| Lx|f;} 2)

where A

regularization operator L is a matrix that defines a
suitable smoothing norm on the solution.

Consider the singular value decomposition (SVD) of the
coefficient matrix A :

A=UXV" = Zoyuivf , r=rank(4)  3)
i=1

is the regularization parameter, and the

then Tikhonov regularization in the form (2) provides a
solution:
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Fig. 1 Original data and its derivative.
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particular regularization method. The filter factors must

are filter factors for the

have the important property that as o, decreases, the

corresponding fl tends to zero in such a way that the
T

contribution ui—xi to the solution from the smaller ©;
O-l'
are effectively filtered out.

In the above regularization solution, noise in vector b is
filtered out by the filter factors determined by a
regularization parameter A . So it is important to select an
appropriate /4 to obtain a reasonable solution. Several

methods for choosing A are popular in literature: the
discrepancy principle, generalized cross-validation, L-curve,
and so on.

Perhaps the most convenient graphical tool is L-curve. It

is a plot of the (semi)norm || Lx,,, ||, of the regularized

reg

solution versus the corresponding residual norm

|| Ax,,, —b||, for all valid regularization parameters. In
this way, the L-curve clearly displays the compromise
between minimization of these two quantities, which is the

core of any regularization method. The L-curve is defined
as:

(5(D),1n(A)) = (log(|| Ax =D {]).log | Lx[))  (6)
The graph of the curve looks like the letter “L”. The value

of the parameter A corresponds to the point at the
“vertex” of the “L”, where the vertex is defined to be the

point on the L-curve with curvature ¢, of largest
magnitude. c is defined as:
o) = 5'77”_5”77'
c(k) = 12 1\213/2
{7+
In this paper, b is the measured body surface
temperature, X is the accurate temperature we want to

(7

obtain, A could be predefined to be a unit matrix. The
purpose is to get an optimal smooth solution which could
maintain the information about human body as much as

possible. This is a typical regularization problem. Here L
is a predefined banded matrix with full row rank:

1 -21 0 -~ 0 O

L(p,n)=| .
o o --- 0 1 =21
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TIT RESULTS

Cooperating with Tongji Hospital we have collected 1884
cases clinic data about the diabetics and the healthy from
October 10, 2001 to January 11, 2006. The distribution is
showed in Table I. In this paper, the characteristics of their
recovering curves are analyzed.

In the research process, we found the recovering curve
has two different kinds. The first kind represents those
whose hands feel hot in winter and the temperature curve is
showed in Fig.4. Fig.5 is its corresponding temperature
derivative curve processed by regularization method.
Likewise, the second represents those whose hands feel
cold in winter and the temperature curve is showed in Fig.6.
Fig.7 is its corresponding temperature derivative curves
processed by regularization method. With a large amount of
statistic data analysis, it is found these two different figures
have no relation with age, gender, and whether or not
diabetic.

In Fig.4 and Fig.6, the blue points denote measured
temperature and the red line is the regularized curve. In
Fig.5 and Fig.7, the red points denote the derivative of
regularized data and the blue line is the derivative curve.
Here time starts at the moment when hands are put out from
the cold water. Form Fig.4 and Fig.6, the regularized curves
follow the original data tendency very well. Comparing the

TABLEI
THE CLINIC DATA STATISTIC
Diabetic Healthy
Male Female Male Female
35.3% 41.2% 17.8% 5.7%
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Fig. 4 The first kind of temperature curve.
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Fig. 5 The first kind of temperature derivative curve.
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Fig. 6 The second kind of temperature curve.
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Fig. 7 The second kind of temperature derivative curve.

derivative curve in Fig.1 and Fig.5, the regularized curve is
smoother. Much information about human metabolic
activity can be obtained from these figures.

Firstly, by cold water stimulation, the first kind of
temperature curve ascends to a normality immediately,
which is showed in Fig.4. Conformably, in Fig.5, in the first
thirty seconds the values of the derivative are the largest. It
means in this period the temperature increases rapidly. This
time lasts from about thirty seconds to ninety seconds
according to individual subject characteristics respectively.
However, the second kind of temperature curve is different.
The temperatures will keep on a low value from the
beginning to about sixty seconds before its ascending,
which is showed in Fig.6. The derivative values of this kind
in the first sixty seconds in Fig.7 are very small or even
lower than zero, and the temperature increases very little or
even decreases. This period lasts from about twenty seconds
to one hundred and twenty seconds according to individual
subject characteristics respectively as well. A reasonable
explanation about this characteristic is the difference of
blood vessel. The arteries of the first kind person are thick
and the blood volume is high as well. In winter, the arteries
maintain the blood expedite, which makes hands feel hot.
After removing the cold water, the contractive arteries could
expand as quickly as possible, and the body temperature
ascends rapidly, so the recovering curve displays just like
Fig.4. On the contrary, the arteries of the second kind
person are thin and the blood volume is low. So, in winter,
these arteries are contractive by cold air and the blood flow
is blocked, which makes hands feel cold. After the

stimulation removed, the arteries can not expand
immediately, it needs more time to recover, and the
recovering curve displays like Fig.6.

Secondly, the derivative curve depicts the temperature
change ratios. It provides a quantitive index to estimate the
metabolic function. The data in Fig.5 belong to a diabetic
and the largest derivative value is about 0.35. The data in
Fig.7 belong to a healthy and the largest derivative is above
0.5. It is known to all that the healthy metabolic ability is
better than the diabetic. And the derivative value
corresponds with this fact. The temperature change ratios
derived from the heat transfer quantity of blood perfusion
and heat-production quantity of metabolism. The derivative
value is very useful to separate these two main components
in the further research.

Thirdly, the derivative curve is wavy in the last period. It
indicates the oscillation in the recovering process.
Commonly, this oscillation is faint and disorder, which is
showed from the second to the tenth minute in Fig.5.
However, some oscillation is intense and rhythmic, as
another clinic case showed clearly in Fig.8. In Fig.§, the
blue points denote regularized data and the red points
denote its weighted derivative. In the period from the fourth
to the thirteenth minute, the shape of this derivative curve is
very regular and looks like SIN signal. This characteristic is
related with the rhythmic flexibility of the blood vessel.
When the arteries are expanded, the blood volume increase
and the temperature ascend and the derivative value is large
as well. On the contrary, when the arteries are contractive,
the blood volume decrease and the temperature descend and
the derivative value is small under zero.

IV CONCLUSION

In this paper, regularization method is adopted to
eliminate the error in infrared image data. And the changes
in the temperature recovering curve are displayed more
clearly by the method. The study results show three
important points as follows:

1. The temperature recovering curve by cold stimulation
can be classified into two types. Their derivative curves also
present two different kinds. The characteristics depend on
the value of the derivative curve in the first thirty seconds to
ninety seconds. So the first stage character of derivative
curve will be most helpful in clinic test.
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Fig. 8 Another clinic, regularized and temperature derivative data.
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2. The derivative curve change ratios indicate the
characteristics of human metabolism. The larger of this
change ratio is, the better the metabolic function is. This
characteristic will be helpful in further evaluating the
serious of diabetics.

3. The regular oscillation of the regularized derivative is
one of the typical characteristic. About 40% results comply
with this characteristic which indicates that the recovering
process in the last stage is stable but oscillatory.

The derived characteristics here are the foundations for
separating different heat factors in further research. In this
process, theoretical deduction and experiment analysis
should have a proper combination.

1660

REFERENCE

[1] Z.G. Shanh, GT. Jiang, A Method of Hurtless Determination Tissue
Metabolic Rate at Steady Temperature Field, 23th IEEE/EMBC,
Oct.25-28,2001.

[2] Guotai Jiang, Zhigang Shang. A New Evaluation Technique of
Metabolic Efficiency and the Application for Prevention and Cure of
Diabetes,World Engineers’ Convention 2004, Nov. 2-6, 2004.

[3] Hai Liu, Guotai Jiang, Zhigang Shang, The separation of metabolizing
heat based on independent component analysis, 27" TEEE/EMBC,
Sep.1-4, 2005.

[4] AN. Tikhonov, Solution of incorrectly formulated problems and the
regularization method, Soviet Math. Dokl., 4(1963), pp.1035-1038.

[5] P.C. Hansen, Analysis of discrete ill-posed problems by means of the
L-curve, SIAM Rev., 34(1992), pp. 561-580.

[6] D. Calvetti, L. Reichel, A. Shuibi, L-curve and curvature bounds for
Tikhonov regularization, Numerical Algorithms, 35(2004), pp.301-314.

[7] P.C. Hansen, Regularization Tools: A Matlab package for analysis and
solution of discrete ill-posed problems, Numer. Algo., 6(1994)pp. 1-35.



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


