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AP T GERER) I8, »OoBE TEEN R UEREOFHIROBRESEFE I L,

FREZIIEIZERORAI 5 B P EE L. BEREOMBLER L
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- X# CT (X-Ray Computed Tomography)

- PET (Positron Emission Tomography)

- SPECT (Single Photon Emission Computed Tomography)

- B ILIEB W (MRI, Magnetic Resonance Imaging)
HIKWTEH: (Echography)

BHbHY, ZOHHXBMCTIXXBOHTEICL D, KEICER L -WBGRE BEE IS
LNBY, PR EROMENH ) FREZHE L IET 2 &\, $72PET & SPECT i
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D HIE, BEENEEICHELBEESHIEIRVES o TLW,
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Ll 20X RFEZAET A5, BEENBECODRA RHERED 5, £ 7

TR AN TRENIE L . 10 [MHz] A EOBEEE TIIEWEM & O K
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A5, LEBED X 9 72 100 [mm/s] 2¥ BEORNEEIIERTE T, TROBEE RN
BEE CIIEHEE L EHFHIIATRTH 5,

—RIBEENBECRSB T BE LGS TIVY A 2B L I3V A HEBROERD
IZARY EHIH SN A0 HBREME BEOKRE SRBIREDOK L 2 BT
T3 THBED, 2RITMLEN - BEOEENREIZIEIA T TH S, £D72D, BE
ZEHAIEE BT RSN OREH L2 FEICHES 528k oz LD Z L L
EWRBIEII2RTIERTH ) . HEICHFIAALEWVIEFRIFHLICHELS T, REEND
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Fig.1.1 Clinical echogram of human heart in a short-axis view.

W & L TCRRAIENAICE o TR W IE- T ZRTICIE D 2 BEEORBEZ LE L
T 5,

1.22 BEEWMBEECLIEZZESFHINORNK S MES

INFTIZ, BEEOLZEM., BIEEZIED LT, B OFE 2 20 % O E 2 51
L. S5 bz A BT L {ATDbNTW B, BRI DO EE S EE 2
DIZLETH D (1T EAEPLEREOEFFHIZENE LTWA 2 TORAERER
b DI WNMcDicken 59, BR 59, EF L0 IZL M N7 7L EPFTINTWEF
BT AKEL m/s] F =5 —OEREDOMTBEICHAVSN FTIEOT VI X A
*ZDEFEA L CAROESERE LN, 1T 5. 2 OF RO MR EHA A
N—=Fyz2T7%2WELTERTELD, HZPHRLHAREFTHSA', 100 [mm/
s] LT Dz 0 E ORI IIIFEENTRE (AME T, SHIHEERYE — 20817
MICEE LR FHOBEEINE L LHED &) FEBZEEDRD 5.6 213, DDA
BIUED &) EOCHROEES ZEHE L - HE. £ TOFMNIE—2EZ 2 LTWT
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b, BEHRY— LIS 2B X b BELRBXINRIET A7 0ZWIIEEL 2 5,

SO LIRS T 2 EBO KROS5 F 75 B L BB ERTE GO
AL X 5 R % AV CHBROEE 2 51T 2 FEPEATH 5. E %2 D DIFRILS
1 LN.Bohs 51, KL.Chan 513, %56 KUE.J.Chen 519 7 &I & % B.0aHI%
FREL R L—2ICBU A HEREOR D BVEBRE RO TEME ZITHEL XY
FvE LTHIET 5 HEERR, E.GMelendo 519, AT 517 RUTKAL 19 OFFEUTR
F2BEBEOT7 L —LIZOWT ML —ATH5FEFH) . ®/M1HFE (100 (¢ m] 12
) OBEPELNTWS, L L, M %R 2EEIIETHEEIY K720, JLEEE
MAHMEE %25, EOICBFEOTLERES NTSCER) 2HHLTWwAZD, 71—
AL — b (BIBEIY -0 07 L —2%) $330 [frames/s] &K<, HIEEAZEDIR & v,
F 72 G.EMailloux 519 RFk1L 5 29, T.SDenney & 2V 12 & HHEEAEL) HEENRS IV
ZROLFTT 4 AN TA—FEIIBNTS BHELRBRETED DI EEZN R L TG
BT AR H S5, F LT WTFROFEICBNTD, B X ZWES EICKREHT
FREND 720, FHIERIIIHREICR T 5720, BWNIER 5 1CIZRERD 5,
F -G % RN L CEMN R RIET AFE2 IT0onThH, HMLHEDI-OE
BIZIZE -T2y,

DLz &5 BB EOBEGNEI X 2 HIROWFE Tl OEREO EE ORFR T
OB E AT - ZW AT 72OIEA T TH B AEICB TR T E
MEEREFEOIERDEDNICE D,

OLEBOESHICH U THERE» A+2 BOHEBSLHFEAEZ PL—2AT5F
FETCI,.ER LT V- A TOMBERELEE 70 BN TR LEBAHEIRL
BEHAL, T 2bbIREENICd L5 HPEMSMEES 0.28~0.43 [mm] TH 5, o
T WIET 2 EEOEFIIEEO T VEFS O 7 L — A KMMRE1/30 [s] TE?Z
HoTHEONS 84~129 [mm/s] AT v 7LD, FEFICHV, INhSBBOKE
BRI 2 AT WA T4 TH B,

F7BGEB IR LT, BEROLOEREOEEHE IZVEEN T 100 mm/s] 12# T
%23 720, BMEOTFLEEFTII T L — ABOMBORAZEMIEZH 3.0 mm] & 720,

FWBHERDOE100 [x m] ICHRTIFEICREV, COBRITERKLAET7 L— AR
BWTREHMED Z2RHIATE AR L2 K 2 A 720 HEBEREZ 5HE T 2 S O RAW
B ) FHEENE kL, ELIIHRBBICEEZ FHOEHOEENIKRELRD,
FEHMERDTIR DL 720, BEDKREL b,

QB¥ELCEEICSIIRALFERBEOME. 71 — A TOMHEOEHEIZE.OH
Bd 5 WIS O EERE TICOWTITh N B HHE OFHEHEBRA 2 TIZB VT,
B UEEI RV ELEH S NG 720, sHERBIIERICZ S, Al21E1 7 L—L0WE
BB OB LEBICTEL . KT L —AIlBNWTENFNOELESOBEIRY L




6 BIE W

PR AmBEETEETAL. 1 HOMHBERBOFERMICHL T, 17V —20®HE
DA EETET DI (mt)y OREE BP0 5b. TD720—EDMHEEZN—F7 = 7{LL T
DY TN A LEBEIIARTEET, Ny FY A FTOFH - SEHETH 5,

@2 R EEEORBIF A . FHIl SN2 BEBROESHEE L. WiEZLIZBW
THiFHEE FZFOXT MV TH LD, ZORBIFHEE 25, BB LzFET
X, HEANRY MV EBOEBREESEICREITERT b OFL v Bvwn, UL #
JBIRICER SN2 RAITIEGEENFTE SN/ H1E 2 EHRNICEEZOR L7356 1SR
DERE AR 2N BMICRIT B 72D ICBINIC G 5 IEAR#EL TH 5 B
BERTEEEICIE N7 IR A L CWBEZ LI CMEOEEERIS T 7 —TEREN
HHT—F77E— FHPEEEE SN TE ) MREEICITHEBES BRI TH 555 &
FEOBVIELE., M7 Db ODOEEEEICITEE SN TV,

PEDZ &5 5 BEENBEEROBIEEIC X 2 BUIROELEOEE FHI TR BT 5
kL . DEREOEBFH R BRNICER SN S 5% Table 1.2 IR,

Table 1.2 LEBEOEFFHUOBUIN L R S LA E DK

BN R RE o R | STET VI A | EBEROETR
IR OF L] 1EEDORE ST 1/30(s] MHEIRE KD 5 WriEs ki
IZ&BHERR ] 0.28~0.43[mm] MR BREE | REVGA 2 FRom
FERENS| HEOREXIIKSE 1/60]s] HainEgo | SR T5S
(AW L7200, 1 [mm]FREE T WHIEE BT —FKIR

123 BXERFEESEEE

DlofBzikE 2 FROES IO OICHEL 7 VT ALATY) TV 4 L
BOWRMEDD D OB LRHES TR THAEICEN. ZHXRIMT LI AT A
RO ONTz, 1989 FENHREH 529, AR 52630 g3 ITHV X 7 1 2 & OILFEMF
BT HMEDTFLEESTLNIE VT L —AL— NTHBESINI-WBEOERET 5 28
RESUEL, VT NVI A LIERT HEREBERESKIEEL (High-speed Digital
Subtraction Echography) # B33 L. BRIGH L T& 72, TDFEIX 60 [frames/s| LA
FOBVIL—AL— N CREENBEZERET AL BHXOHLVOETH  ET
5 Wi {5 < 4 O REHERD 22 2B R CTEIRMRIEE S LB Z & 28/ L. WiER
FOBBEMEIZ L) KEHMEROEB ZHH L T b, Z0EICIZEIE ) L THR, 7
L= = )VOWRBEICERTEERR SNS, COFEIC L) EMNEF P EER
ENLDICHIABIBEN TV, T TY XLITHEMEESRBTH 572720 E
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Fig.1.2 High-frame-rate echography EUB-565S manufactured by Hitachi Medical
Co., Ltd.

B 7 AT E K OlEES O BB O EBHFHESATRETH o 72, T D72 OAMFE T,
Z O R ZITRNTEEREER CHAMEZEH L. L — A7 —VOWEBE I EER
EEERE N T —FRTAHI L EHIEL,

EREBE AW TIX, ®&E 303 [frames/s] D7 L — AL — P EFOHIZA
F 4 ABOEREB S RN ERE EUB-565S 2 L 72, /M8l% Fig1.2 10T, HE
Z1EIDREE 7OV 2 120F LT EEOBER IS & ) EEOEER FEITERT 530
FIALER AT & A L 2 ¥ — ANBF 2B TS\ EHEE B EE % 2 5129 4 I
HYATFAT, 7b—AL— b 2REMICHEXE7, EUB-565S DD %
Table 1.3 12789, (EEFNICE L Tl p.29 ZH,)

Table 1.3 EEEBTIEITEREE EUB-565S DMERE DR

F—F | BEARX | HEEMHz] | 7L — 240 —Nframes/s] | ] §E %R S [mm)]
Do Y% 2.5, 35 60, 89, 116, 164, 303 240
RE =7 5 7.5 22,32, 43, 63,123 170

(BRI O FHEH1500[m/s| TH A 720 EANERIZ 1500/ TH5,)
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1.3 AR BBRUSEEH

1.3.1 IpES

AR TR BEE I SN WRB R EOBBO2RTEEZER T L7 VT X
LAEREL.BHROEREFRET A T —FRL UL T 22 L2 HME T2, 3.8
BEWEE OO IRITW BN 2 5HT 2 FEEZRET 5, UL EF OEE
LD HFN60 [frames/s| LD T L —A L — N CHRBEZHRETA L, LEO LI
100 [mm/s] I2HETHHEVE X THoTdH, KEEKO LB L MNEIRET LI %
FAL, BEPFE LB TREMEDSETRBE L7 & LT, Taylor BERE HW /-4
BAREEICLVENEZERTLIENTEL, COFEICLNVESN LB
X BEEHICD L B8, RATEBEREERELY TE S50 (g m] 85N TW5E, B
DEEREIINRE THEFORE SITHEIN RV, COFEZ 2RI L, &
LIZ7 L — Al R OISR O 2K T EERE OFHINCRE S8 5 B IZTLHOH
BROMANEE 2 B ICHAE DD O T HELEIE 2T RV VTV A A
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AR SN2 RICEE X E DM ER P HMICIR LT T -2 a—F4 Y &L
T V=27 —VOWEH FICERTRRT 5, 2T L ) EEROEEMN 2 EESHH
HgEE L T—RLUTHETE. INE TRWMIBRBRT LEE LTE BT ERBEL,
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FTRBIERTHI LR, U= AF—2a Y IZTRBTAZENTRTH S,

1.32 EEHHRS

ARAFFEIC &) RSO ESERESBE RN EZ LIcETTHRILIh S 2 & T,
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Do 72ENIRIEAL DB W 21T 5 o AT F TRl E S N7-BI R OEB)REE & | FRR B e 1
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EREE SRR EIC L o T60 [frames/s] BLEDO 7 L — 4 L — N CHRE I NB
TR BRI, DB XD %100 mm/s] 12D ETHHENEBRTH - TH. WHEDZ
B 72 G718 e OTEIRDMEAE S N 52520 2 & THEFE$ 5 7 L — L TOMEE S % R
L7 BRI OTED S TSRO BM 2 JIET 5 Z L1 X o TREFDOBE 72 EBETl
DHReL 2 0, EERBOBWNIEF AN LFEL 5,

RETIE, 2RTCOEB EICHIN D BHROEEEFEREDO -0 DERHEZHE LT,
IRTEDOHB A OV TEBERERFRETF IV EZE 2, KEHMED 1 RTTEM OB HiET iR
ZL., TORBELRF L, TTRHAROEESHELLEVY 2RO L E2FAL,
Taylor BRI ZINH LT, MELEEIREOEEDS 1 RTEMEEHT L FHEICD
WTR AR 386067, BREEAEL (ZZRIMG) DEEK T 1 RTEVOEEA 2 ERT 5,
RIZKEHERDBEESA N H I ADHTHE 2 oND T L em L, MRS E B L7
R A R B TR E O KRR % RO MEE A DIRH ) 1% 5 AL DB
ERREREHERT®, REFEICAVZ v 7 ERAT VI E Ty m A — ¥ —CTHTR
B3 ERICAHMEROEM 22 U BERERD T OM/N B T TEErIcEllE
WEETHDH L ERT,
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2.2 Taylor ERRXZ2CH LU -BEAEEEICLI3EMEH

FEMEBBIIL—F—0FEREFE LT, 7 u— TR SN BEEE - 2409
5, BEBA -5 A0 L WHEBOBER TORSHEZ M L Tw b 129, fkFR
IR LM T 70— T OREICILE S HEIRET 100 ERE BRI O, AT
LCHEF SN D BEHBEIEA V7V AE TR RN RA MNET. HAEEOH#Y
LHE U BT 20 5 2 LIS XD  RETEROBE S A L ZEMBNCEBRDILA ) 2D
LI 59, MEWKY —20ETT AHM (FHERM) O5MERIEZERICV AR
L TWALDICHBHEEN L, 7)) VI EEBICDEET 205 EEL —
F-REMELNL, —F, BERE —2%2EET LA (FAGM) IIEEEFIEI
b LB, E— ADMEIBERLICED B OIS AR FEE MO L e b, - BE
TAHIRE)TFHIOZEDELR Y, FF. B4 ORFHRIZEEEA IS AR A LD
Bo WIBEMSIZRIT - LI ICR I BDIZZ DT, FORITVIZ2RTHI T 7 R 540
BIEICEL e B 2 EDH BTV B 172,

LH»L, ShE CTEBEEMBEZEOEGUEIZETSH 50 558 CEFT™ L3
CTEIFFMEDOEE S DILN ) % HICHET 5 2 LI X0 EEFE B ToREHE
DN (BEIEE) 2B BT 5 ZENNEETH 5, KEMEOBEE DML, BrEs B
FTHEEDOHA X (100 g mA—F—) ICHRTHARESLTH LD, KDL
BRETNEEZ D, Fig21 31 DOREMEOEESAi% 1 RKITLTELIZETFTIVT, #
BEERAEICH T A E LTiRA, MBS T AEEMEE f(x) LT 5,

Brightness —

A A P A

x (image plane)

Fig.2.1 Brightness distribution simulating an echo scatter. The scatter shifts from
left to right with displacement length A .
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60 [frames/s] L EDE W7 L — AL — M THRBGRZHE L72HE. f(x) °F DR
ERFELCTERTI V- LB THICHTBE L/- & §5, Z0OKROEZRTH LOZE
Nz ALY DL, RUBROERESAILf(0)=f(x-A) £ BT Do fi(x), fx) R, ZEAL
AZHWTKRD L9 IZHED Taylor BETEHTAZ LA TE 5,

Lo ol 0,

2f1 (x) | af{”(x) . (2.2)
2 31

CZT 1Ry, 2 VHEAREZRTD, xBEIITV I VESN-EEZED 1
N THEBEE 2570, LT, 120EFZELx, ni3BH) TKRL, BROHBEZ A
EYBE, BEx BT A IRTTEEGRS (x ) B REOBEEBEOIFEIC L ) RD &
INZEERT Do

F10 = fo(x-A) =fo(x) - Af (x) + A (2.1)

fox)=f,(x+A) =f,(x) + Af, (x) + A

f(xn+1) f(xn 1) f(xn+2) _f(xn-2)
2A 4A

fx,)=

_ 4 {f(xn+1) 'f(xn_l)} + f(xn+2) -f(xn-Z)
12A

(2.3)

DF O EREx BT BEEAR, WD 2 My, R x  OFHEEARE 512
DM D 2 xR x , OFBEARZRE L, MEOTFHBEYRIZ 2EOER
EPFTEILHITFY LTS NI L) B 5 MBEOEENRICHETREN L <,
TPV A DBE SN WEEGEIR O NS 2 N R 5 E RO EMMRE
THWTERTAHE, X (24) DL kb,

, 1
f (xn) = E{ _f(xn-z) - 4f(xn_1) + Of(x,,) + 4f(xn+1) +f(xn+2)} (2.4)

EZATK (2.1), (2.2) DMK A AT AEZAERAL AT, BRZAOEH DT EE
TH 5o LERDEMIEESAR DL DI L T/HAEWERET S &, 3 (2.1). (2.2)
OEROEFVETTEUT LI EDNTE S, WD 2K, 3K, 4 KD OELF
YD TTCREORBAFHTAILICLI VAR KDB L, FRLFNR (2.5). (2.6)
(2.7) DEHITh B,

A:M (2.5)

(f0’+f1)
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A::(fbjféXfE;+fI) (2.6)
(fof1 +f1f0)

//////////

(2.7)

//////////

O X REEOEIE, BREROBES £, £, R UZh S OO
BB > CTHMT A LM TE L EBTARMY LIF2Z Lok - TlERALT
BH BROBEDTRDIED DI LTAEVEFEL TV B Z L & ARG LD
HETEZ D LRTENER ISR FEBRHOMESELLZ 25 UTF0R
BT IRBTETEERLAN (27) 2L TEMOBHE R UIBREDHENTET ) .
F72f, fExOMBTE A OND I EH S, MTFHE EOBExOBEEE ). K (27)
DREFIIRETRT & 910 L RFTEDOERSA & TS T & 127k B 586769,

2.3 A XNHEAHERWEREEOEMATESE

RIS CIIEE L EEAROEE D O EHED 1 RITEMOEREL R L7205, K
2NIZE > TROONAEMIIIFERDIED D ICHEB LTINSV ERELTWAS I &
PO BAROMEALOEHZY VHETTEEZHEICL TV 5, £ D720 RO
PHEESAADIREYBEIL, HEAVIZFNLUEICKEL R BI2E->T, X (2.7) DR
DEREDHERKTHEEZONSL  F I THRBBEEEE L Z1RTET NV EHNT, ¥
Ralb—Ya IIZLYBEOBITEIT)

FPBERWBG LIS NS MR B E DR ORI 7 A5 MBI TH
5 EDVHOLNTWAT), Fig2.2 DFELIT, BEERNEZR THZ L7-EZ0.1 [mm]
DEROE L O BEWRY — A OETHEIIEE L FHOBEES A 2~ Z DHERES
IR T T AT ER, ZORIKELE T 5, T A5HABEEERD LD
ICERT 5o

fox) =B exp

2
B 202) (2.8)

ZOXNToRERREET, BESADOE—7HEDS 88% (— 1.1dB) OB XIZBIT B4
BOIEEZEKRT 5, T/-BOERBESAOE—-7ET, 8y M 256 AT TOEL
Y, BB AEEL f(x) £ LTWA, 2Z T o= 214 [mm], B=197DHY
AGABBEBFHRTERL.EVOEESFBICER TV 5,20 L) ITEBEEIFEDE
EAFOTIRIZ, TIADKTHEBT HZENTE S,
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NI | T T

zoof[ T T T T LT T 1

i y brightness distribution i

% of echogram for a pin i

- 150 Y A \ U 7]
% I \| fitted Gaussian distribution
- - ‘ o = 2.14 [mm] .
% L -
g 100 - .
e - ]
ap - .
2 i ]
@ 50 _
g i

O :'"4; 1 1 . { L " 1 R L PN i 1 st — ]

0 5 10 15 20

z (azimuthal length) [mm)]

Fig.2.2 Comparison of brightness distribution of echogram for a metal pin (the solid
line) and a best-fitted Gaussian distribution (the broken line) .

o, Ty AT AW TR RO EMIEZIT) o Fig2.3 (a) TR
RO ESA AR L7 ASAEET, o=5lEF L LTw5, T/ESAD
Y— MBI, 8Y Y M 256 KROEEED ) bREN 255 L LTBY, Exbhb
ROEEDEHWEIFHMETH 5, f(x0) WA FINER LI ROBESAH & f(x) £ T 5,
ENADMEE 1,2,3, 4 RUSEREEILESE, X (2.7) ZBWTEHE LA 1 RTE
DDV Iab—a ER% Fig23 b) lORT,

CCTHWRBEBETRIAERZEE L -5E. 5255 F TOEEMEDH B, —20[dB] (&
BB 25) T O SIZARCTRITELZMRT 5 2 EPRARETH 57-0, Bfitilz
TBHIERERDER L T4 X850 o T BV DESL SO
FEMEDS 25 LT O A IOV TIE, BHERERICHEREIMIC0ZMRAL TS 729, Fig2.3
(b) ICBWTIFEMNE 0L LTERLTWES,

Fig2.3 (b) 26, BERZo=LSHEEL VISV A=4BELUTOEMICH LT, &
O MITIZIZERICEHTE TV A Z L bh b0, BUAPERRZEIEL &bk
SRR RN 3V BAUERFEE LR CS5EROBEIIIR/NTRH45EE
EEHBENLIHEIB/NS, FZTRRNICTEREINFBROBEDHEIEORK
Ex EEOEME LB L7, Fig24 3EBEOBMACHTARABREREZ 7Ty L
72 DT, MEOEN AIERFZ oL DI TERL TV A,



18

2R BT RMBERCBIIRFEDIRTEMDOERL

300¢ dlispl'ace‘me'nt l - l ]
L — ]
250 . -
e - ]
T 200F ]
" - - « standard deviation ¢=5 ]
4 nLb : -
g 1507 ‘ :
< - 4 displacement length X .
1y I \ ]
: 100 L \\ i
m ™ i . -
: (@)= (a—2) ;
50 | .
TN e\ e noise level .
0L . \ ]
0 20 40 60 80
z [pixel]
(a) Displacement model of an echo scatter.
_ 6 T T N T
= J
Xr §
S| RTSVITIINN displacement length
.."E: 4 — R amssna s a A=5 —
20 + +
c L +t+ +4 + )\:4_ B
)]
— L 00000000000000 & A=3 .
-+ o0 [o
5 - o A=2 -
L [AnREEESE RS Sy — —
g 2 x A=1
9] - .
P
’E_. o SO IOOOCKKXKIHKXK X =
2
A i
0 el e n
0 20 40 60 80

Fig.2.3

x [pixel]
(b) Calculated displacement length by eq.(2.7).

The displacement length calculated from eq. (2.7) . Brightness distribution
simulating an echo scatter forms a Gaussian distribution with a standard
deviation 5 [pixel] and the displacement length Ais 1, 2, 3,4 and 5 [pixel] .
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Fig.2.4 Maximum error rate of the displacement length calculated from eq. (2.7)
using a Gaussian distribution.

ZOWEORR, BHAERFEL AL L &, BAEERIL10.6% Tho7 o
THo<1DEE, DF VEMABEFEL D b/ SV IHRAIEIZIZIZ10% )
KICHIZ S 2 & Db o 7 AT & A TS0 ES) % % | HIR COBMHC Bt
T 5\ ORESRRTH 5o & o TEBIIIERS NI HEIE € DRATRA_
DEHERROUTIC A B £ 9\ W R RS 5807 L — AR % 1M <
TBUEND 20T b b ISHAOER 4 MET 5 720\ KR a7 2 &2t
&b,

ozA, (2.9)
HRAIIH (2.5) RV (2.6) T HWGE, BEREELF UEMO L X DREAKBRER

ITZNEFN368%BKI358% THole CNTIXHONIEEISAETH S, LT,
RAHED 1 RICEMOFTEIZLE TR 2.7) Ik o TS,
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24 A =4 U772 bMALICLREMNEHEER

ZIT, EBRICEBEENBEBEOBEE S EBE S, X (2.7) x AV TEMAZEIET
AEBYTIT77 Y MAICIEIERODA Y= 2 %AW Iy X 213 FOZEAL
V=& U ADPHERICEL ESICE TN TV ARS D ERZBHE L2 L 2 ICHAS U5
IR T B Z e, EREBRICLCHVWONA, $TFig250LHIZ, 3=
A OTS =V DNV AT = DIIEBE, FOWRBGE TR L A EROR
WE% 7.5 MHzl, 2 =% 7R TOWEKITHN200 [ m] Thb, BONIWRBIEICH
PIE EHMEDMEE DA OSSR % Fig2.6 IR, IV =% 7 FORG I KEHMEE
o TEEHEEINT WA,

probe

konnyaku jelly

x-y stage with microgauge

Fig.2.5 Experimental schema to estimate fine displacement length using a konnyaku

jelly and an x-y stage with microgauge.

EMOBEEIZLLT DL H 124720720 Fig25 128V T, BEEMEBEEDO 70 —T7%
XA 70—V OLIIBE LNy ZITHILE TS, F L T7u— 7 L OEHH
BEELTIY =X 7 DAhE TH— T OREIATE x HHNZ 4 m FFETHFITBE S
., BAREIR OG5 REHEDEM % BI%E L 72 3 (2.9) DEMED 6 AT
HROERRFELUTICTDLENH LS, Fig26hbIy=x 7 OFEHRII/NIVED
TEERFZEN300 (g m] THLEMEINL-O, v 70y — Y TEIHQTHHII
300 [ m] AT & L7



y (longitudinal length) [mm)]

Fig.2.6

24 AL 47772 ML KR TREHER
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z (azimuthal length) [mm]

Contour echogram of a konnyaku jelly using sector scan probe. Frequency
of emission is 7.5 [MHz| using sector scan probe. Scatters which are similar
in a human body can be seen.

21



22 28 BERMBERICEIIRFEDIRTEMDOERL

241 BEA—5—0DFEN

ZZTFig26 I L7-WiRERIE, AT 2RI BVEKEER75 [MHz] THE SN
TBY, EREEIH200 (g m] THDB, 22 TaAY=y 7 Z2BEWHY — 2 OETHIANS
FEZ x FHEIZ, DF D Fig.2.6 DFEHFMANC 100 [ ml. 300 [p m], S SIZEHMIC
100 [ m] 72V EATRBE) S8 CHIEZ 1T o720 Fig.2.6 DB L OWBEOERE 5 %
Fig.2.7 (a) DFERIIR T BNBEOWESA = ZNENFig2.7 (a) DM FBRET
— RS TRT,

K (2.7) KL D EMNSHORE LT 7R % Fig2.7 (b) IZR T, T2 TREMED
BER 25 LTOHAICDODNWTIE, BIRL72E I/ A ALV THbLELTEESR
fToTwiz\vy, £72300 [ m] DFRTHRBORIERIZOWTIE, BIBEOEmHTH
LD ENPRKEL Lo TWAED, ZRVAMIFREIZ10%LINICHIZ 5, 1ZITIE
FEWCENPBEHIN TV L, I OERUTOERMNTHEBTEETH S T LHREN
Too F2 TG M Z xBOIEDM X & L THEARELZAE L TWAO, HHH
DEALIIE, EHFHOEMITHEOEZ IS fE> TEM % £ DHMENEZIT T2 { 1RTT
DOFMEMRL T, 1RTERZ PIVELTIRZAZEDPTRETH 5,
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FABE LT, AFEORWERA L KD, Fig2.6 DEHLEICOWT, a¥=v 2%
AAMNZ20 [ m)y 50 [x m] RUT80 [u m] 7P FATRBRES L XOMESA %
Fig.2.8 (a) I T o REEDEESA DL I LTI IBN BN D20, 18
EARIITITELR>TRZ %, 3 2.7) WX WV ENSHOFERIT> 2R % Fig.2.8
(b) 12" T o 50 [x m] & 80 [px m] DHFEI., Fig2.7 DEHEEITHRTEBROEAM LY
HAIKEHREINTVREHADNEZNE OO, ZITEMHIZHELNTVSDS, 20 [x m] X
BHENEV, &> TRFETESNAERMOMEREIZS50 (g m] &5, UEDZ
ED, RFERIZINE, KR OEESHORERZEZUTORE S THNII, 50 | u
m] DRETEMNEZMNET S EDTETH S,

CCTHBEROEFEEWEE 75 MHz] 1E, FHTE2RIBVEAERTH -0, ¥
RII&AD200 [pm] &2V, TDOEHROKRE JIIHRADT A IPH/ LN TN
bo Peo T, AFETHETRRR/IEMIZS0 [ m] THbH,
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(a) Brightness distribution of echogram for a konnyaku.
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(b) Calculated displacement length by eq.(2.7).
Fig.2.7 Experiment to estimate the displacement length along the broken line seen

in Fig.2.6. The displacement length of scatters are 100, 300 and -100 [
m} . The displacement length smaller than wavelength could be estimated
from eq. (2.7) .
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(b) Calculated displacement length by eq.(2.7)

Fig.2.8 Experiment to estimate fine displacement length along the broken line seen
in Fig.2.6. The displacement length of echo scatters are 20, 50 and 80 [u
m] . Significance of this method is suggested as 50 [z m] .
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B TITBEERTEG LIS AHMERDO B E 54 R O EA R 5, UFEO 1
RICBEFLOPEIZONWTHBRIz, L LETBBRIZ2RICTH A720, 2RICDOEMN %%
BLZTNWER ST, 2RICOBEABEILETH 5, L1 dBERWBEZIZZFOEE
ELTHEESMDIED ) B—FTIid% . BERY — 2 0#T3 2 HEEAH (HEHm)
EERERITY AN AE (W) TR% 59, B S N8BT Y — 23RN 251
T BRI TH Y A5H & B LTRSS 720, KEMED L5 M OEEFEIZEE O
Re& e Bo— JEBE MNCIZZ I 280 L CEBR 2 E I T 50 RERICY Y
AGANEL B0 7)) Y FREEEELTAZ LI ) SRiER M E g 0w
b7, EEER I OEREFRE] iﬁfﬁﬁﬁ@ﬁfﬁ}lﬂ\?“fﬁé HE-> T 100 mm/s] 12 ZE
THLBOBECE X 2BELEE. 7L - ABHERBEERF THELT %Ji%u%
DEMIKRE L ﬁ%ﬁﬁﬁ@ﬁeéﬁ%ﬁf RBY 5o §5 &K (2.9) DEMBERMTITE
BETEMNOREPAITREE 25, Heo TRIARDEVEIZ I LT, ﬁﬁ%f‘iﬂi«“
FEFHCCEMNZHETEE TA-DICR BESH KT CERRELILRT S
FEIEZLND,

RETI, FTBETEMBEEOHEIGERT S 2 RITMLEES ML, REFHE
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Y MARFAWTHET 2 AEORNSR L 4 bR OB EVCEIRTH L5, F1
ZFRHIERIR AR B 729, Table 1.3 TR L7 LIE K CIRE OWE — FIZT 2 RTiE
BEERPHEL. FORREHRT S, EOIHBORSEREL 7L —ALV— 25,
A IS N A DERRZE 2 BT 5,2 O R AR DZEM M ZE AR L
TWAEBEFROEEREZH ) O WBRICI VR ) a—Ya VEEZ L TEE
A R IERT B REICOWVTIHRRB 3545760, TR 2—T 3 YEBEIZLD), A4 D
KEHEDO AR A BIZE 2 TIEEREDOARAZIERT A I ENTE L7220, R (2.9)
DE&MR T U EMBENTREE 25 EBEORKE SIIERRELZILRTHILEDOT
XpavR)a—va VEEAEZOEAGEREZR T,

32 AREET7 MLERAVWEEBESTOEERENE

AR CHER T 5B S MEEE EUB-565S Tld, METE W 2.5~7.5 [MHz] #°H]
HeThb,Z 2 CTHIBEBDFEIGERT AEESAOBRERZEZ R Z HWT
B OV HL AR ZF N ENUCDOWTHIET 5, #?E%&,..\ﬁﬁiﬂit L T o aeil E A
7 7~ M A Model 520 (ATS Labo., Inc.) &\ 7z, Y M AIZERKRDO Y 2V Tl
-ENTHY, BEFE0L (mm] DEBROY /#‘é‘a‘?é’u Eﬂﬂéh’c\ﬂé 77V MAD
MR % Fig.3.1 IIR T,

Fig.3.1 Standard phantom for spatial resolution measurement Model 520.
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Fig.3.2 Contour echogram of experimental phantom including metal pins which is
observed using sector scan probe with frequency of 2.5 [MHz] in the cardiac
mode. Each scatter forms 2-dimensional Gaussian distribution.
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LEE— FTIE, K25 100 mm] OFEXFCTEBEHRZIESCLLENDH S/
O, BEOL 2.5 MHz) DEEBEZFHT S, ZOL IBEHBEROERIL 0.60
mm] &% %, —H. BRIEVCEIREZBHE T H2REE— FTIE, BEOBEND WV
720, FEEBIIRLBEV75 MHz] 2T 5, 2O L ZDOHEKIZ0.20 mm] &% 5,
R, EZ01mn| D7 7Y FAFOY VI AEBTHHATLED L) REBTH-
THOTHREREREER2E5OBREVREE— FT, 77 ¥ P AFOE V2SERHIRIC
WA ZZRE B 2w L WBIROBEOFESHE % €N LN Fig3.2 XU Fig.3.31I5R 7,

LDEE— FTi3te 27 yERt 70— T2 HWA-©, WEEIZFig3.2D L) ICFEE
FLTWS, SHIEVIHEOMP S LBEBRETEX 5 X912, 20 mm] BEOED
TU— T OEEPOBERE —ATRBICEELTWALOTH b, —H B0 BIE
WZIEFD L) ZREES W20, REE— FTRIBOEWY) = 7EET S —7 %M
Ht5, BiBBIZFig33DLHIICEAEE LTS,

DIEKE OIRE £ — FENZNIIBIT B B RO ES A O EREZ LT O L ) 12
WETSH.ET 77 FAFOE Y OWHEZBIBBRICTIRA MEEOT 1 V24T
A CWREBBEET 5, £ L CHEPICTREMROFETHHEEET OB L, K (3.1)
DRAE A 2 RITDI/ 2 AT Taylor AT RIEIE™ 12 X Y RD 72, 7 (3.1) 135X (2.8)
IR LI 2RITEHT I AABE T WY H LS ORI TA v T4 27T 5,

- 2 _ 2
f(xm, yn)=B exp| - (xm 3(250) _ (yn y20) 3.1)
20'x 20_1/

BT BEZETH70-TR. Z2OBREERFTEILoTI=TER. L7 EE . IV TR
EEZETEINAT,

T2 74FE LOBOBEIZIE . AKANOERER 7 RE A4
VWb s S EEDPFEHESH TV A, ZUIBEEE — 2 TO—T LTYJ probe
ML TAEL R - TRINSE G E (sectonl I EESE 55D
Thp7O-TORBIL SERER LS LIRS ]
BOFETARBF £ SHRICRIIT 2. NOORBFC HROE /| : VN
o0 HB AL /BRI 52 52 XNBERDOE
EHRTBIAARIAIT AIENTES,

MY =7 EE BEREERLEHROBEICIL) =7 EENIHVS probe
N2 70— T DS ER B3 AZRT B2 BHRL . ETHIC l‘y—r‘r‘]—(]
POBEZ OBV T ANV —THRE—23 23 bL TIEHFIE | ]
B AIUCL). T O-TORECFALEERL — 2 RALE | |
B BILDTTELINEY) =7 & (linear scan)E V),



30 B3E RVBEORFEOEMMED/-HDBENHILKE

60 ¥ T T I' T T -1
R S i iy
<2
@
e @ ©
=
& depth
~ 40 F 20m .
=)
4
o))
5
: BOmm@
«
5
I 1
40mm
- )
W 20f w -
o
S
= 50mm
> (foous)© ©
O ] l@ i ‘ 1 1 1
0 20 40

z (azimuthal length) [mm]

Fig.3.3 Contour echogram of experimental phantom including metal pins which is
observed using linear scan probe with frequency of 7.5 [MHz| in the vascular

mode. Each scatter forms 2-dimensional Gaussian distribution.

ZCTx,,y, dEGFEEOBEZRL, x \TANAR, yIZEEFTNTH L. mn
FEREZERT, TLBRYE-T7IZBIHE, (r,,y) RE—7 DERE, o R0,
BENENHNROCEBEAROBEE S OERREZ R T, COSBEDOINTA—%
zs DERVIREOWE— FIZBWT, BBENEAMED 10005011275 % THRAS
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321 DEE—F (MSAEE25 [MHzZ) [CH(T 5 AREADEBE S HOEERE

Fig.3.2 DHHIZIE A 72 & 40~90 [mm] D 6 MO SR ZME 4128 B L, X (3.1)
27497478 TCE5BEDNT A= ,2RKDA, 777 FAEREDS 80 [mm]
DEIDENZT =D A%hF, CORTHEEDOLE)PRNE LD X HITLT,
Y= OB EBOZEAIN Y 2 HA S M R CHEESMZNECNORERE 0, Ko, D
At % Fig.3.4 \ZR T,

WEOHER, ¥—27 OMEBIIHT ABEFEDOLIT, 7+ — WA Z0IT7-HE 80
[mm] O KGRI HINCIR D /NE L, FI0OBEND 0> THARL, 25K
DY S BEAMEEME 255 D) b, — 20 [dB] (HEEfE 25) UTOEEIIE=F LT
BEHMRE LCERRRT A2 e TELRWVWD, /A XLV ERZ L, Fig34iZ8WT
¥ — 27 OEEB=250D ¢ I DERREZIENY OR/MEE L7z, TR, I )
M OR/MEIX 071.10 [mm]. BEBE (y) HETIE 0,=0.30 [mm] & 7> 72%%

322 REE—F (MEEAEH7.5[MHz]) ICEIT 3 8RFEDOEBESROEERE

RO IBEIENERI 7.5 [MHz] DHBEIZOWTHEREIC, X (3.1) 1B 55D
TG RA=F %KDz, 77 Y MAOEKEDS 50 mm] DY MR T + — I A% T
720 Fig.3.3 DI AFZEE 20~50 [mm] D 4 HOKEMEIZOWT, H A5 BE
DT AT A Y TEEET o7, BORIIINT % o, RV 0, DEALZ Fig.3.5 1T

2.5 [MHz] D& X EREIBRICB=25 D& EOE#RFEEZR/MEE L7, B
7.5 [MHz] TREMEDHLY 9 5 R/NDBERZEIIFHA (x) FATIE 0,040 [mm]. BB
B () TATIREREF L 0,=0.20 [mm] &% -7 KR, HBESHOHED LA
NiX, AAED 1/2 LT TH ST EHHER I N,

PEDZ Eps LBRURETNE— FICXoTHRESN RIRTEREINELH 5
W5REERDH) B, ZDOBRERZOIDY 9 2 H/MEIZRKE Table 3.1 DX H %5,

Table 3.1 EEFHEREBZRICBT 5 REMEDEEREZ O FK/IME
FAL(x)F ] [mm] PE B (1) 77 18] mm]

LIEE-F 1.1 0.3
REE—F 0.4 0.2
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Standard deviations of brightness distribution along azimuthal and'
longitudinal direction of pins for variation of peak value of brightness level
in the cardiac mode. Along the azimuthal direction (a) , the standard
deviations are found to be more than 1.10 [mm] . Along the longitudinal
direction (b) , the minimum standard deviations are found to be about 0.30

[mm] .
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Standard deviations of brightness distribution along azimuthal and
longitudinal direction of pins for variation of peak value of brightness level
in the vascular mode. Along the azimuthal direction (a) , the standard
deviations are found to be more than 0.40 [mm] . Along the longitudinal
direction (b) , the minimum standard deviations are found to be about 0.20
[mm] .
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33 A KRYa1—Y gl BEICLIIBESTDILK

RO REEEIZ L ARGBN)DT I AGHBEEA~ND T 4 v 74 v T THELNHR
"o, EMEOEE SR OIRH Y BB AN TRAMEZ I | LEE— FOREZ 0.30
[mm}. JREE— FOB:Z0.20 [mm] &% o7z, BESHOIY 5 HIERFEDOR/ME
Yo E55E, RX (29 TROLEHEN,L, 2KOMBEHE TORMEDEND o,
UTI%ALH)IZ7b—AL—1+2EL 2D 7 V-2 KHERBEZ NS ST HLEN
bHbo MRELTHEHOBBEE R . 7V —2RHERL t2T5 &, ROFHER
PELND,

20 T (3.2)

min max

3.3.1 DEOHB®ICHTZIIAVRY1—-ay

FFLRICBWTIZFTOEE DR D HE L 120 [mm/s| L EICDET BIEHEDD 555,
LEBOBHNICBWTEEE 4 5 DIIRIMER Y 7ORE 2 ) EOEROESRE TH
5o EOEREDBEIREOBIEZIZIIRS 100 mm/s] F THETENETHTH S,
$oTK (3.2) 1Zv_ =100 [mm/s]. AIEITKRD HN7-FEEH D 0.30 [mm] % o, 12
RATEHE, t<3 [ms] 2F Y 7L —A L — b 333 [frames/s] A EDBVETHH I L
Wb,

L LAFZE CTHW S BEENEEE EUB-565S dE 7L —A L — F2¥303
[frames/s] T, ZRBP2Z DRI 7 ¥ OH.OHAIE 30 BELLTIZ % 5 72 DB RISk
(L Wi E LTORENIRE v, BERAVLHPLH60EDOL S 7 KEE T,
TV —AL—1Mid 89 [frames/s] &7 D, TOBEF 22O TN T X L% 2 RKICIC
AR L 72720 Tl R T 5 2 O B CHEICEEBE S T OK & M L TRHME
PEEIHBE L EUFEHATRRE 22, T2 T TRERY) 7V —aL— b2 ET
7ZRET, NQRIY)DEMHICHET 2 L) IERFEEOATRK L THEESREILT A
T EDTENL LYY D/ASIOREHEROEABEDSTTERIZR 5 D/ IZRIBZD
AR OSBEEE TTEN CRANR T 2RTEA T A CEMIicay R - a v
{E%: i& jﬁ'@— 54,57,58,60,61)0

2

Y Ya
80, y,) =, y,) * expl - —-

20, 203/
w,/2 W, /2 . 2
k
- z 2 fx,-h,y,-k)exp|- h —| exp| - . (3.3)
k=-W,/2 h=-W,/2 202 202
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valie

Fig.3.6 Bird-eye’s view of a Gaussian distribution function with standard deviations
0,=0.8 [mm] and 0, 2.4 [mm] .

ZCTkRaVAR)a—Tay (BARAKR) FERL, flix,,y,) ZTOWRER. gx,
L y) BT ASHEBEDT LK) 12— 3 Y OERBONDERT, m,n TEFRE
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REVITCFEERFEEIIERSING,

EW, W ORI YR 2= 3 YT 2RI Y AGABRUORE S, 2 F
D J5 1 T OB BE T T ORE - HBE & K3 B & AT 5 & B R AR R B 1238
KU T 5 L H T AGHMBEBOTRIEE SN D 720, & OO BES - & 7%
%o I CRIESHEE W =80, , W80, IXHEL TV 2, ZNIZL o TIRFHEEHO
WTIRE—7EDIX 10" %) Ty AGAOBIRICEEE 5 X 2\, Fig3.61d, 2
YR 2= a YEEY 2RITEDOH T AGHELOPIT, 0,70.8 [mm]\ 0,=2.4 [mm]
L7z &, MEEZ - 2 EHXTH 5,

ZZTR (34) Do, o, OEERD L) THREE N2, fix,,y,) LO 1 DO REHE
k% 2RO T AGHREEE L, ZOBESOEEREZ ZTNEN o, 0,&T %,
InER (3.3) IfRAT DB L,
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2 2 2 2
gx,,y,)=Bexp|- ——- * exp| - —— - —
20] 20, 205 20}
X2 2
=B’ exp{ - = I (3.4)
2(0x2 + aé) Z(Uy2 + O'Czy)

tihb, CZTB B IIHEENY -7 2RITERTH 5, R, WIBEOMEDH DIE
BEEPEEORI SR TAIENTESL, LoTRB2ICHEZHL DI
kg y) DBEREZ o, THbrb, A¥K)a—TayelyhvA54mkE

BOEERZE 0,0, XD ELHICHRET AT EWBTE A6,

Oy = ariin - 03c2 (3.5)
Oy = Grim - ay2 (3.6)

AEEZHOCTCBETEOREEE KL 2.5MHz, 7L —A4A L — b 89 [frames/s| THH
NAWBEREOBENDEEBN % Fig.3.7 (a) \IRT ., B 21 FEHEOLLZED T
(YD) 1BORBEE ST, EMEERAITH 5, LEEORY 5 5 EEHEI., filk L
72 & 9 IZ&E 100 [mm/s] TH A28, R (3.2) IZv_ =100 [mm/s] & 7 L — LK H
fr=1/89 [s] AL T, REMEOMBREFRREDOR/ME o =1.12 [mm] &&F
BEND, Table 3.1 TRLAL D2, HHL (x) FAENCIZ1.10 [mm] OREEFEZEDBEIC
BOENTWLOT, HEE (y) FRORHKT I ASHAEBOI VR a— a3 VEBEE
Fa L. BREES M OBREREZ KT 20 HRER I 0= 0.30 [mm] OFFERER o, =
112 [mm] (CETIHKT 5720120k, K (3.6) £V 0,=1.08 [mm] PLETH L,
N5 Figd.7 (@) o, =0, g, = 1.08 [mm] T (3.3) DEALHY &, (b) DEMR
IR &) ICEHRO RS FLO AN 20 1) CBEBE S A1 b A ) & RIARRE OB EE
HEPRONT. B, b) OBRICIZI R )a—Ta Y 2lTRIOAx ,y) ZER
TERLTBHY. IS5 R) 2—3 3 VEHEIC X o TREMEROMR Y 2 A7 B B4R
WCHERS 2T, BESAOAZILRT S Z EDUREE & o 72,



Fig.3.7

y (longitudinal length) [mm]

y (longitudinal length) [mm]
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z (azimuthal length) [mm]
(a) Original echogram f(z,y)

30¢

29

T
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I
15

T
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x (azimuthal length) [mm]
(b) Convolved echogram g(z,y)

Application of convolution function to small region of an echogram of a
normal heart (21 y.o. male) . Contour plots of the echogram before and
after convolving by a Gaussian distribution function using eq. (3.3) with
standard deviation 0, = 0 and 0= 1.08 [mm] .
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332 BIROEBEICHIT S A RKYUa—>ary
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Fig.3.8 Application of convolution function to small region of an echogram of a
normal carotid artery (15 y.o. female) . Contour plots of the echogram before
and after convolving by a Gaussian distribution function using eq. (3.3)
with standard deviation 0, = 0 and o, = 0.35 [mm] .
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Right ventricle Left ventricle

Interventricular
septum

Fig4.1 Schema of echogram of a heart in a short-axis view. Shape of left ventricle is
regarded as a circle.
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Left ventricle

End systole

End diastole

Fig4.2 Estimation of center point from the shape of heart between end diastole and

end systole.
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Calculation of 2-dimensional brightness gradient of a short-axis view

echogram in radial directions from the center point. In each region, gradient
is obtained by using weight coefficients in this figure. Brightness gradient

refers to average brightness between near and far from the center point.
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Fig.4.4 Color table to encode expanding and contracting velocity.
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Fig.5.1 Waveform of normal heart in electrocardiogram (ECG)
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Transition of expanding and contracting velocity of the normal heart of a
young man (21y.o., normal) in a short-axis view during systolic phase.
Colored velocity images are expressed with time interval of 56.2 [ms] between
sequential frames. Uniform contraction can be observed in the third frame

as green gradation.
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Fig.5.3

Transition of expanding and contracting velocity of a normal heart of a
young man (21y.o., normal) in a short-axis view during diastolic phase.
Colored images are expressed with time interval of 89.9 [ms] between
sequential frames. Uniform expansion can be clearly seen in the second frame
as red gradation. Color contrast between motion and rest is obviously

indicated.
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Fig.5.4 Transition of expanding and contracting velocity of the VPC (Ventricular
Premature Contraction) heart of a young woman (23y.0.) in a short-axis
view during systolic phase. Colored velocity images are expressed with time
interval of 56.2 [ms] between sequential frames. Premature contraction began
at the anterior wall of left ventricle of the arrows in the second frame.
Arrhythmic contraction is propagated in the direction of white arrows after
the forth frame.
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Fig5.6

Transition of expanding and contracting velocity of the ASD (Atrial Septal
Defect) heart of an old woman (77y.0.) in a short axis view during systolic
and diastolic phase. Colored velocity images are expressed with time interval
of 89.9 [ms] between sequential frames. Paradoxical motion of
interventricular septum can be observed. Ventricular wall moves with high

velocity more than 100 [mm/s]
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Transition of expanding and contracting velocity of the DCM (Dilated
Cardiomyopathy) heart of an old woman (74y.0.) in a short axis view. Images
in the upper row indicate during systolic phase and in the lower row, during
diastolic phase. Colored velocity images are expressed with time interval of
89.9 [ms] between sequential frames. Velocity more than 50 [mm/s] is not

almost observed. Left ventricle hardly moves.
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