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A Study on Accurate Ultrasonic Measurement of

Surface Profile of Biological Organ
Chihiro ARIHARA, Hideyuki HASEGAWA and Hiroshi KANAI

In an early stage of atherosclerosis, the luminal surface of the arterial wall becomes rough due to the injury
of endothelium [R. Ross: N. Engl. J. Med., 340 (2004) 115]. Conventional ultrasonic diagnostic equipments
cannot detect such a roughness in order of micrometer because of their low spatial resolution. In this study,

for accurate detection of the surface roughness, the surface profile can be assessed by estimating the phase
shift of echoes obtained during the scanning of the ultrasonic beam. Furthermore, the lateral resolution,
which is deteriorated by a finite diameter of the ultrasound beam, was improved by an inverse filter. Using
the proposed method, the surface profiles of a phantom, which had surface roughness in micrometer order,
and of a porcine aorta were detected, and the estimated surface profiles became more precise by applying

the inverse filter.

1. [EC®IC
BhAREE (L B E TIT, BIIRNIERE 2B O K
WCHEENEUTNWS VW, ZORTREROBEH
PWEED B E— REBBOSFRETIIMETER
V. AZETIE, ZIEROMHEERNWD ZEILLD,
BEEOEEEUTOA—F TOE—~LBFEOMY
FAEEEL, MEMEEEIEI /DA —FD
BETHETS. £, BEFEHEICBVWT, E—-A
Bk DM REENSL L ERERREREET
BB, 74N ERW, BOEREBREHEE
T5.
2. EHRIE:E
BERE—LEEELHMICEDED 2 DO
Bz &+ Az TOREEBOMAEE Ad(z) &T
L, ZEMR g(z) BEATOXTEHENS (FH
%o £T5)2.
e COA¢(II) !
g(z) = | de 1)
AWE TR, BEHE IO — T E2EE v, Tz AR
BB LANSHETHIET, SRR Az %2 5
pm &L, TAUT SO IMRI BRNE ST L.
EFPEHHTE, BEREE - L BNEREOKRES
RO, IS NREMIR OB HEREILS
ELTW3, ERTELNZEEER g(z), MR
YORBEHROEM fz), RIENDBEE r(z), ¥
Fo(z) BENTNEFN 7 -V IEBRLEbDE
G(uw), F(u), H(u),N(u) £T3&, BHRALDEHE
NELUTORMNEDILD.

G(u) = H(u) - F(u)+ N(u) (2)

TTT, u BREMARKTHS. EATIET 4
& M) g, f(z) & flo) DZREGBEEZB/MN
THETTANIT, BTOXICRDENSB I,

1 L ()
MW = G EWE T B@Ew O

T T, Pu(u) & Prlu) RBEF LEOREBROF
BT —ZARY MV THD. REBROHEE F(x)
X F(u) = Gu) - M(u) D7 —)) TR L DE
b5,
3. HHERER

7, BERE-LAOFESM M (z) ZEHRIL .
IEMEE OFF, MBSV BEIN Y ASMmICES &R
ETEDDT, ERICXDB SN A (z) LOEE
MEBREIRDH T A5 p(z) & AIA0BIEK h(z)
ET5, £, ZEETROMABRDEALERE
3 HiE IO hon(z) £ET3. ZD2DDK
W0 BB R AV, iR R o 2. RA&KBOT,
ST S ORERR g(z) 2 FFHSA TEEE
(10 ) &L, MBEHE2T-> THSNZ glz) D
NT—ARY NV EBEEREIZIRO/XT — Py (u) &
LTERLE. Fi, /1 X0, FEREZEEIE (10
EEREBL, TORHLOER LD ILTERIN
5. |Hu)| & |Hpp(w)| ZHFRIZDNWT M(u) &
BHLA#EREZ2E 1(a) & 1(b) KFERFNRT.

BERZHEE (Aloka SSD-6500, .0 EK
fo=10 MHz) @V =78 70— 713, BEFEE—L
% L=100 ym OB TEET 2. BFR I O—T%
HE v,4y=50 pm/s T 2 BRI, E—LFHR
W& LW L=100 pm £} o FHEICBE S B2 5,
FR=10 7L —A/B THEEWK RF 52507 5.




— 338 — SERL184FE11A

EMERIC AN SR ST, K 2(a) OREBR
EETHIUI-VREEALE. K 2(c) 13 2(b)
OEEW B T— REBHRF DAV ROIFRZ D g(x)
& flz) RL (H(u) Z2ER), ®2(d) &, 2050
NRT—ARY MVTHD. H2(e) i Hpn(u) RV
FHED g(z) & flz) BRL, B2(f) &, ThEOD
NT—ARY MIVTHS. ®2(c), B 2e) T, K
2(b) TRHEIT B T EMTERD S LREHRERS
WCEBTEIENTEBL DAL, BEFMITH
BRI BRI TR E VWA S, K, T4 VY
kD, SN EROEE TIE S N =M AR
¥ 2 mm ! LTFONT—ARY I RELRY,
VE ED S TROBARSUEE N

s
it esibn

158

TP es v 1 o2 25 3 315 4
sputial Frequency # o’} spatial froquency & frun']

B 1 (a) Hu) ZAVWERBEEO T4 VIR (b)
Hpn(u) ZRWEHED T 4 V5 Rk
@

7 3
868 1 1% 2 235 4 335 4

distance x {pum)
W00 0006000

surface profile {pmi

B ‘J"i
o a8 3 1% 2 25 3 35 ¢
spatial frequency & fmox’)

T T RS PRI
s;}aﬁ.lmmgui_m”g

®2: (a) ¥V I-ROEOEREER f(z). (b) B
T BE— RER. (c) Hw) 2RVWEEEDT 4
V& BRI g(z) BED flz). (d) (c) D/IT—R
Y MV IGW)), |F(u)]. (e) Hpn(u) ERVEEE
DT 4 VB g(x) BE f(z). () (e) D/
—ZR7 PV |G|, |F(w)).
4. THYKBIRICET S in vitro RER
EREREIFABOERS AT LCED, T KE)
IRETEEANBIEE O M ZT o7z, K 3(a) 1IEBEW
B E— REVEH, & 3(b) 13 3(a) DEW ROI OHF
B0 g(z) & Flz) BRL (H(w) M), B3(c) iF

distunee ¢ fumi

RiLAEEEHREERLE

BEE 1S5 (November 2006)

ZNEONT—ZARY MV TH B, £z, K 3(d)
Ho(u) AVERED T g(z) & flz) BRL, B
3(e) XENSDNT—ARY PV THB. H3(a) T
ARETERNT Y REIRAEERTERRAS, K 3(b),
M 3(d) TREEME N TS, B 3(c), R3(e) KRS
Naksic, #7414 VI EETIHIET, Ze R
1~2 mm~! DT —ARYT MK EL TaoToHE
2, HROE— LRI K D AU REENSLL LR
FR g(z) RASHL S h, RERROHEEE f(z)
1 3(b) BEUE 3(d) D& D KBS h.

distance x {pm]
U0 4000 KN

& i : N iy
%6 K00 AWK 5000 SO0 600D AAM e 05 1 15 2 S P 35 24
distance & {pum} spatial froguency © fmm]

w0 ™
IR g
oty Myl
g st NI‘M R g
i | a T
il 00 1R
LI O PR :
gi ? . ol I u‘i :
oo wmn amio sow sso0 ewo &0 0 ey Ty i T 25 s 4 4
distance x fum] spatid frequency u o’}

3 (a) 7Y KBROEER B T— FEER. (b)
H(u) #AWEHED T 1 VTR g(z) BEUL
F@)- (o) (0) DRT=ARZ BV |G(w)], |F(u)l.
(d) Hpp(u) ZANWEHED T 15 0B g(z)
BEUF@). () (d) PNT—ARY BV |G(u)],
IF (u)].

%nnml

RESLTI, %Eﬁiﬂ(‘{‘?ﬁ'ki’oﬁé@éﬁﬁ@m
SREELOT-DIT, REBSHEMBEENDHIER
BELE Y 3—)*&%@&7?k§‘]ﬂfﬁi§@@§f
BEFoiR, B E— REBG TR TE o
-2 0 A ORERRERITER, ¥, B
T4 NFICE D, BHIE N RE RO AL AREE
MNgEahsd 2 La2mRLE.
3k
1) R. Ross, N. Engl. J. Med., Vol. 340, No. 2, pp.
115-126, 1999.
2) C. Arihara, H. Hasegawa and H. Kanai, Jpn. J.
Appl. Phys., Vol. 45, No. 5B, 2006 (in press).
3) H. C. Andrews and B. R. Hunt, Digital Image
Restoration, Prentice-Hall, Inc., New Jersey, 1997.




<<
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 300
  /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 <>
    /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.)
    /JPN <>
  >>
  /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


