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Fig.2 Computational domain of blood
vessel in the vicinity of a thoracic
aneurysm with feedback domain M,
and four origins of ultrasonic beam or
probe positions.
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Fig. 3 Velocity profiles at (a) upstream
and (b) downstream boundaries for
the standard numerical solution

(nondimensional).
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Fig. 4 Velocity information reconstructed by
multiple  ultrasound probes: (a)
Doppler velocity obtained by one
probe, (b) wvelocity information
projected to a plane by two probes,
and (c) complete velocity information
by three probes.
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Fig. 5 Acquisition of Doppler velocities in

three-dimensional domain by (a)
transesophageal ultrasonography with
(b) rotating ultrasonic beam plane.
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(@) f=0ms

(b) t= 50 ms

Fig. 6 Time variation of velocity error vectors due to the feedback in UMI simulation with
feedback domain M at K, = 32 (nondimensional).
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Fig. 7 Time constant of UMI simulation
with one probe, O;.
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Fig. 8 Variation of average error norm of
velocity vector at convergence of
UMI simulation using one probe, Os.
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Table 1 Comparison of results among ordinary simulation and UMI simulations.
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UMI simulation O, 0.810 39 15 0.221
O, and O; 0.162 33 33 0.012
04, O3 and O4 0.081 33 33 0.004
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Fig. 9 Average error norm of velocity vector
on each cross-section of ordinary
simulation and UMI simulations.

HIMENRT MV HRENGEND Z LITE
B o, 7, BEMGHIRAG S I 21— =
ANTFEEFERZML 20D, ZROFHARE
FEDOFBEIRME T ITPEBRT 5 = L 3T
2D, e, RENCHEEE e —T7% 3
ORTET DY, BEICEREMEY B2 DN,
BEANIIFATIIREECH D L B2 5.
BEWEAAA Y S 2L —ya BT 5
7 4 — NNy 7 OFF R~ O R A 5
45720, XR)BLOGIZEDE, &K xy W
[l RS S:W PNR N (1) Eadd o MYk
%Z Fig. 9|~y 22T, BEFE7n—7%1
DDOHANTIGE OFERIT, AT HER
ED ) bbb RWSEEZ S22 0, Wiz
BORERERLTHD (Table 1| ). i
B L OV O MRS, BERSt 0=
ROPENKE BN, VThoBEY I 21
—3 3 COFER S —HRIC IR & R EE R
Lz, =0, BMERGEHEG S I 21— a v
D ecp(WiE, 74— R3y 7 sECIRE TRBIT
WL, 74— KNy ZHNTIE, N
FTATHEN T VI Lz, HRiC, B e— A
DFE R EBERERE LT, 2 OERN D%
Wil 23T AL, BE O Ialb—rva v
® 1/1000 FREIZE TR Lz, F£7=, 3RS
EOYUGEX, 74— Ky 7k & 0 Fifflo

MRS T S & DR OHFIPAN THIZE S
iz, ZhUE, kRO ENZ LY, 74— A
> 7 SEIN D FHERS EE O UCED TR IS0
THEf T2 L 2RL TV,

4. #E

AWFFETIE, 3 WOTE R IO LA BT,
BEWEHAREA S S 2 L—3 3 DR
PR X OVE R R BT 2 BEEE R 21T - 7.

T4 — Ry I OEMIZLY, 74— Ry
7 SRS LARE CHE ORRZER Y WA HE
INUTZ. Z OFERSE OUENL, st DR
L0, FHlo & HFEE OFPAIZ BT b FfE
Lz, @857 e —7% 1 SHWA 5451, &
JESDRAAEEK) 20%ICE TRD T, T
WELRED & EEEO MO EEIC b RIS TE
HAEREMEDN R SN, £, BEE T o —7
EEEMWD Z LT XY, BRI L OE
FRHEIT R L, ERRCIATRREE B X O
N5 2 O0BE 7 v —7 2 HW DA, E
A 537 B R L OHERBENME S D
ZEDBHALNE ST

L1k, AW LS DA LA RS, 3
TWHMEE S I 2 L—a % 3 RIGHEE
WA T 5. RERIIE, EBROBE NG
HFE S & OFE Z21TV, N O % Eik
\CHEL L, BIREE & AT/ O BhEZ DWW T
BITLHTETHD.

ABFFEE, —H, AARFINIRBASRL A0 e
FHBIB#16-3421 IZ X W T iy I = L
— 3 AL, FAEKR AR AR AR A
THHENE T o 2 —D D FIZF TSN, £
7=, FLUENT OFHEICI1E, SERFEHME S
ST W ETEW, Z IR L CHEE £
T5.



SE

1) Z. Li and C. Kleinstreuer: A new wall shear
stress equation for aneurysm-rupture prediction,
Ann. Biomed. Eng., 33-2, 209/213 (2005)

2) H. Ujiie, Y. Tamano, K. Sasaki and T. Hori: Is
the aspect ratio a reliable index for predicting
the rupture of a saccular

Neurosurgery, 48-3, 495/502 (2001)

3) N. DePaola, M.A. Gimbrone Jr, P.F. Davies

aneurysm?,

and C.F. Dewey: Vascular endothelium

responds to fluid shear-stress gradients,
Arterioscler. Thromb., 12-11, 1254/1257
(1992)

4) H.S. Flora, B. Talei-Faz, L. Ansdell, E.J.
Chaloner, A. Sweeny, A. Grass and M.
Adiseshiah: Aneurysm wall stress and
tendency to rupture are features of physical
wall properties: An experimental study, J.
Endovasc. Ther., 9-5, 665/675 (2002)

5) K. Ferrara and G DeAngelis: Color flow
mapping, Ultrasound Med. Biol., 23-3,
321/345 (1997)

6) D.A. Steinman: Image-based computational
fluid dynamics modeling in realistic arterial
geometries, Ann. Biomed. Eng., 30-4, 483/497
(2002)

7) E.S. Di Martino, G. Guadagni, A. Fumero, G
Ballerini, R. Spirito, P. Biglioli and A. Redaelli:
Fluid-structure interaction within realistic
three-dimensional models of the aneurysmatic
aorta as a guidance to assess the risk of rupture
of the aneurysm, Med. Eng. Phys., 23-9,
647/655 (2001)

8) FE.P. Glor, J.J.M. Westenberg, J. Vierendeels, M.
Danilouchkine and P. Verdonck: Validation of
the coupling of magnetic resonance imaging

velocity measurements with computational

fluid dynamics in a U bend, Artif. Organs, 26-7,

622/635 (2002)

9) 1. Marshall, S.Z. Zhao, P. Papathanasopoulou, P.
Hoskins and X.Y. Xu: MRI and CFD studies of
pulsatile flow in healthy and stenosed carotid
bifurcation models, J. Biomech., 37-5, 679/687
(2004)

10) T. Hayase and S. Hayashi: State estimator of
flow as an integrated computational method
with the feedback of online experimental
measurement, J. Fluids Eng., 119-4, 814/822
(1997)

11) K. Funamoto, T. Hayase, A. Shirai, Y. Saijo
and T. Yambe: Fundamental study of
Ultrasonic-Measurement-Integrated simulation
of real blood flow in the aorta, Ann. Biomed.
Eng., 33-4, 415/428 (2005)

12) K. Funamoto, T. Hayase, Y. Saijo and T.
Yambe: Numerical study on variation of
feedback methods in Ultrasonic-Measurement-
Integrated simulation of blood flow in the
aneurismal aorta, JSME Int. J., Ser. C, 49-1,
144/155 (2006)

13) S.V. Patankar: Numerical heat transfer and
fluid flow, Hemisphere Pub. Corp. (1980).




<<
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


