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ABSTRACT

This paper gives some results on the studying to solve the Bloch equations in rotating reference system by applying the
FDTD method. The FDTD structure converted into an appropriate inverse problem in time domain. The solutions and
variations of several MRI processes with respect to the specific parameters are displayed. These specific parameters are
related to diagnose an illness. Various computational results related with several healthy and/or ill organs and/or
conditions are given. This study provides the possibility of scanning smaller region then the region required in common
MRI applications in use; beside, provides the possibility of spending lesser time then the time spent already.

INTRODUCTION

Both of MRI and NMRI have a place in several areas of applications; i.e., medicine, remote sensing, material
recognition, various detection processes in both industry and military defense systems, and, etc. Time domain versions
of MRI processes have a potential at adding new viewpoints to these processes besides giving the improving tools to
produce MRI devices. As it is known, MRI and NMRI are related with the analysis of electrical signals induced on the
specific sensors due to the magnetic spin of nucleus and/or molecules and magnetic momentum of the electron in its
orbit, respectively. Some of MRI and/or NMRI systems use these magnetic fields rather then the electrical signals by
transferring them to the acoustic pressure. All the processes involving magnetic resonance are given with Bloch
equations and uses rotating reference system [1]-[3].

This paper gives some results on the studying to solve the Bloch equations in rotating reference system by applying the
FDTD method [4]-[6]. Displaying the solutions and variations of several MRI processes with respect to the specific
parameters are within the interest of this study. These specific parameters are related to diagnose an illness. This study
is aiming to become shorter the time spent during the scanning. The 3D imaging process is generated as a side
consequence of the approach used here.

The study involves two parts. The first part is about extracting the MRI figures in continuous forms in time domain
during the predefined time range. Beside, getting the variation of these figures with respect to time is in the area of
interest. The second part is about extracting the results expected from MR applications but increasing the performance
of MR devices.

Bloch equations are written by using FDTD approach. The FDTD structure converted into an appropriate inverse
problem in time domain. The configuration of this inverse problem is arranged in a suitable form, which will generate
the magnetization vector, by the use of measured magnetic resonance signal. These equations are nonlinear; however,
the input vector is transferred into a suitable form such that obtaining a stable, convergent and one-to-one solution is
provided. Various computational results related with several healthy and/or ill organs and/or conditions are given. This
study provides the possibility of scanning smaller region then the region required in common MRI applications in use;
beside, provides the possibility of spending lesser time then the time spent already. Both of these opportunities will
contribute a lot of help on the patients. An example of the results is given below:

If we accept a specific resolution and get one measure at a second then reducing the scanning time to a few minutes is
possible to collect the data for regenerating the MR images.

THE FORMULATION OF THE PROBLEM

The full Bloch equations in rotating reference system are below:
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Here [M, M, M,]" is the magnetization vector and w,(=1B,), @, 7, By, Ty, T,, and M, are Larmor

frequency, angular frequency of the RF field, gyromagnetic ratio, amplitude of external magnetic induction vector
varying on the plane z=0 with angular frequency «,, spin-cage relaxation, spin-spin relaxation, and balance

magnetization, respectively. The B, is the amplitude of static magnetic induction vector and superscript T illustrates
the matrix transposition.

Equation (1) provides the below finite difference equations in time domain, where t,, n, and At illustrate the initial
time, time step, and time difference:

—i: y"At(B, -B") 0
Mr)‘fl T, M7 0
M”y+l = -At(B, -B) —i: y"AB] |[M] [+ 0 Mg (2
MI’]+1 T2 MI"I ﬁ
z n n n n At z TN
—y 4tB] cosm, (to +nat)] -y AtB] cos[e, (ty +n4t)] 1-— 1
T

INVERSION APPROACH USING FDTD SCHEME

Let us focuse on diagnosis at a specific location, where we get a suspecion about a specific desease. Is it possible to
diagnose by treating this specific location, where only a few points are scanned? If we select one quartet (Xq,VY;,2;,t;)
of spatial and temporal coordinates on the organ under treatment then the answer is positive by taking a few different
initial times and temporal steps and spatial steps on one coordinate direction. The amplitude B, of external RF field

should be changed to By; for every triplet of (t;q, 4t;, 4x;) fori=1, 2, 3, ..., g, where the number of this triplet is g.
The equation below is obtained by considering the second order terms in At , where q=11:
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Here the [M];4,4 is unknown column matrix and has the rows below, where I, J, and K are the spatial steps at the
spatial coordinates X, y, and z, respectively:
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The coefficient matrix [Q];4,4; is defined below:
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The matrix [Sl;;,q at the right-hand side of (3) is defined below, where S"(1,J,K) is the MR signal in rotating
reference system:
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sT(4,3,Kg)=S"(1+1,1+L,Ky)-S"(1+1,J,K,), where Ax = Ax; fori=1,2, 3. ..., 10, 11 (20)
s7(0,3,Kg)=S"(1,J+L,Ky)-S"(1,J,Ky), where Ax = Ax; fori=1,2,3. ..., 10, 11 (21)

Here K, illustrates the plane z=z,. The diag defines a diagonal matrix. The Ay and 4x defines the spatial
differences on the spatial coordinates y and X, respectively. Equations (13)-(21) are written for t, =0 for brevity.

Equations (19)-(21) involve 24 different quantities, which will be measured on 24 different locations at the same time.
The solution of (3) gives the M;, where i=1 2, 3, ..., 11. The solutions for y, T;, T,, and magnetizetion are obtained

by using M; in (4)-(14). So, if we get one measure at a second then 24 seconds will be enough to diagnose about the
organ by scanning 24 different points, only.

Various computational results are obtained related with healty organs and/or organs involving tumor [7] and some of
them are depicted in Fig. 1, where B,=1T, B;=02T, M, =3.1x1072, ,=1000 s!, y=2.675 x 108 rad/(Ts).
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Fig. 1. The variations of T, and T, with S for brain fluid: (a) normal case, (b) involving tumor case.
T,, T,, and S are illustrated with red, green, and orange colors, respectively.

CONCLUSIONS

Some results on the studying to solve the Bloch equations in rotating reference system by applying the FDTD method.
The FDTD structure converted into an appropriate inverse problem in time domain. The solutions and variations of
several MRI processes with respect to the specific parameters are displayed. These specific parameters are related to
diagnose an illness. Various computational results related with several healthy and/or ill organs and/or conditions are
given. This study provides the possibility of scanning smaller region then the region required in common MRI
applications in use; beside, provides the possibility of spending lesser time then the time spent already.

REFERENCES

[1]1 1. 1. Rabi, Phys. Rev. 51, pp. 652, 1937.

[2] E. M. Purcell, H. C. Torrey and R. V. Pound, Phys. Rev. 69, pp.37. 1946.

[3] F. Bloch, W. W. Hansen, M. Packard, Phys. Rev. 69, pp. 127, 1946.

[4] K. S. Kunz and R. J. Luebbers, The Finite Difference Time Domain Method for Electromagnetics, CRC:
Florida, 1993.

[51 D. Tuncay, Investigating the Magnetic Resonance Process in Time Domain by Finite Difference Approach, T.
Sengor (Supervisor),Yildiz Technical University, Institute of Science, MS Thesis, 2005.

[6] D. Tuncay and T. Sengor, “FDTD approach in magnetic resonance imaging,” URSI-Turkey’2004, 2" National
Congress, pp. 233-235, 2004.

[71 T.Taxtand A. Lundervold , "Multispectral analysis of brain in magnetic resonance imaging“, Proceedings of the

IEEE Workshop on Biomedical Image Analysis, pp. 33-42, 24-25 June 1994.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


