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Abstract

Ultrasonic contrast agents have been used to enhance the acoustic
backscattered intensity of blood and to assist the assessment of blood
flow parameters. One example is the time-intensity method based on the
indicator-dilution theory. The method has been applied to study cancer
and myocardial blood flow. However, the method does not work properly
for brain perfusion measurements due to the high attenuation of the
transtemporal bone window. In addition, when the injection site is far
away from the measurement site, the input time-intensity curve (TIC) is
no longer an impulse function so that blood flow parameters cannot be
obtained directly from measured TIC. In this case, the effects resulted
from non-instantaneous injection (i.e., the input TIC is not an impulse

function) needs to be removed before assessing blood flow parameters.

The TIC method estimates flow parameters by observing the dilution
process of contrast agents in the region of interest (ROI). The
compartment model has been employed to describe such a dilution
process. Under the linear and time-invariant assumption, the TIC
measured at the output of a compartment is the convolution of the input
TIC with the compartment's transfer function. According to this property,
effects of non-instantaneous injection previously mentioned can be
eliminated through transfer function analysis. The transfer function
analysis is possible using deconvolution when both the input and the
output time intensities are available. Therefore, an input/output TIC
(IOTIC) method is proposed in this study, and a deconvolution technique
is employed for transfer function analysis. In addition, blood flow
estimation over the perfusion area which cannot be effectively imaged by

ultrasound can also benefit from the proposed deconvolution technique.

v



Note that the linear and time-invariant assumption requires a constant
flow rate. With flow pulsation, however, the flow rate changes with time
and the mixing process becomes time varying. Thus, the effects of flow
pulsation on the time-intensity measurements are investigated first in this
study. This study also proposes deconvolution techniques based on the
ensemble method, the cross-correlation method and the recursive
least-squares method for time-varying transfer function analysis.
Limitations and efficacy of the three deconvolution techniques are also

discussed.

Both simulations and experiments are performed in this study.
Results indicate that the pulsation generally does not affect the validity of
time-intensity based flow estimation. The proposed RLS deconvolution
technique is effective for both constant and pulsatile flows, thus
permitting transfer function analysis in various flow conditions. Also, the
physical meanings of the deconvolution results under flow pulsation are
addressed. The efficacy of the deconvolution technique for time-varying
transfer function analysis has been demonstrated in this study. Using the
proposed technique, we hope to further reconstruct 2-D time-varying
transfer function of ROI in the perfused area, and to further provide more
useful blood flow parameters in tumor and heart, and estimate brain

perfusion based on extracranial time-intensity measurements

Keywords: Ultrasound, Contrast agent, Deconvolution, Time-varying

system, Transfer function.
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Bk BB RAck R A v enfFAT R B “J:".:#ii;ﬁm Sk b5
R Lo(t) 0 20~ SHF S WA R 1, () M RRET Y T 6 3 &R

Ity = [ W&, (e~ &g £(2-14)

¥R E - lﬁ;fﬁ T Bt o S B AR S pd R 5 0F

h(E) HoR & vrenfide dfic o 195N Q2-1)E 7=V/Q 0 h(E)F &7 5

7 (2-15)

*’ﬁ‘” g2t o en
S -

LB MTT o g R R 45 1+ 5 fom
Lozt soREfE S L N (2-10) ¢ & 2 o kAL E PRSP
@?J 5UmMTT(MTT0ut)§ _—;%gi%] r»# MTT (MTT,, )4 R & v
# 3 MTT (MTT,, ) >

MTT,,, =MTT, +MTT,_ X (2-16)

Kook B G ZEpR LS 0 & R Sl MTT > £ & 5 6
iy 2P -5 R 6 ST S Q-9)h AR B I MTT, o MTT,, i > £
I # F(2-16)» TE ) o @ gt (2-16)38 5 BALF UERTEF A L2 i
M fh ik enD FEHL o
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2.4. %éwfﬁk% A ﬁ%»/ﬁ%:’:‘:#ﬁﬁf@-ﬁéiidf =
kg T2 [31]

LR e

1 (2-15)7 g Bl N g Q haklic 0 F o
E‘],ﬂ@ﬂigﬁﬁg%ﬁg,%g g%ﬁ%ﬁﬁa%é” m A §8 e fh%fﬂﬁ,uﬂ%fﬁq
P51 B i e Sl

Bede s B - fAPE S R R g 0 T

BEFNio- BEFH AT Y - Aok h(t,d) ki
oo h(6,8) PR X §] g en BF R (excitation time) & v B % pF R
(observation instant)  § B > 1345 £ & ¥ 2 (superposition theory) > J

S Bl () ¥ A A T

7T F’“

Iy =] h(t.91,(5)dé

hrdipd - BAEAER KR RAGE) PR AI-CF Mo @
(2 17))}‘»'\?’ L fg it = 34 % e convolution integral 43t (2-14)
Y- 2 o FEE- BT pESE) ¢
79 (2-18)

p(taé:) = h(tat_é:)

3 (2-17)

(2 17),T£'\?‘ g T G — i #F 07 convolution integral 73738 5 4o
Iy =] pt.O)1(t-&)dé £(2-19)
h(E,E) T ARG & PR EPF > o KX 5] - B rilige @ PR ¢
A4 F fuia p(t,S) plE apE B (I—&)% > kst 3 - A% el
MmO A2 F o k- B causal ePAMPFR kAL T ahgd i

h(t,6)=0 t<g 34(2-20)

2Ap g
pt,5)=0 &<0 X (2-21)

AT PR R e Soflew 0 T U4 T
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W)=, <e '
( 95) - Q(g)/V.e_Q(g)t/V > 5 ;7\‘ (2—22)

Q) R & AR PR g o A VR EIR & e sl A o BI(2-6)

Lo R Sla T LB e (a) ~ (D)BA B EES B e
kg h(t,S) « @BIA7T§ &5 - TEpF > h(t,8) - B & 48T ' 0
“ﬁ"%’(‘f’)@%\'/"F Fors- wEp (LS - B FR R ke
MOAPER AR o AR AR U N9k PR -G R D
MTT = ;(2-16)eB (h v = > @ 3t B PR ¥ S(V/Q)pF > i # T
PR EREATQo

h}t,f) h(t,)

(a) (b)

Rl(2-6) P sk ddfice 20 &7 5 () (DY ¢ dbfc
Epheni= % T e o
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2.5 B & veig e S B R

@fﬂi"i;ﬁ%%%m]{%ﬁ-,}ggd AL R T PR AR
TR 0 MOR F o BRI B B~ s R4 (2-4)
B DR R R ST SR § v enig ik S * F e~ R ehik A
PR e T AN i s ﬁi%]t",‘:%;‘}é)iﬁﬂ% RPE R Y B

EE MRS R LA R SRR R R R E L AL e

Ba o LR R BRI AT R - LR R SR 2
BRI RT P BFGET b § ER AR R AL R
BIxPEeREBFTR EHINEFR eSS FFHHRASE ¢ 2
g%L,*tb,pﬁgugjﬂ)\,%,};}i?agﬂjfﬂiﬁﬂ:v BARE AP R
BRI R seEng o 2 g R s Rd AR 38 R W T
BEVEY ki S RS L 8- HEPREIRPER Y Bicfr- £

N 2

o R o

o~ AR R HATER E T AP APRk  A EY
N2 B* X pEFSEREIBOFENF T P ikE T ensemble
method ~ cross-correlation method 4= recursive least-squares method %

A G R E
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2.5.1 Ensemble method [32]

BHIR S w0 Rk e g o
Booipi 2 2 enit Al FR T ABR L PFR L AL
RERE - KB PR F RS SR PR L R ST

R TERCE

x, (1) ey, (1) {1&%@]&:— %1%?] »/ﬂiﬁﬂ:fﬁ@-%@)ﬁ@' Woor & R &
L—«E’lﬁ;' %’i\?{‘d m‘}:’ iz‘j ] %])\/%Jkl F' )umfﬁg lé‘." * ‘\‘(2 23)

% 77

v, (0) = [ ht,&)x,(t - &)dé £(2-23)

m l{téjﬁ'g{f s ’ gﬁ‘ﬁ—:?\?ﬁ:’l&ﬁAtﬂi ‘\‘(2 23)—‘I I Z\ v ,1)(\‘(2 24)
,(0) =AY i, j)x, (i = ) *(2-24)

AR P hRil B m - B FmERROEERT AL I
(2-25)chm B SRS f2 30
y1 (D) =Atlh(i,—n)x,(i+n)+---+ h(i,n)x, (i —n)]

: 79 (2-25)
VD) = MR ~)x,, G+ )+ h(i,m)x, (G~ )]
P N(2-25)8 = A A 5N
Y, = 47X, H, £ (2-26)

ey E- BER: mmrﬁ;{i’ﬂéirfﬁ;b%éyr(i) R S
£ aQ@uthoe g > 2% j B i h(i,j) » m X, ¥ - FaR i
Cn+Dxmeviert » H 5 ()2 2 x,(i—j) o @ Bt PR & ek
2 ST o e g 18

1

H, = EX Y, 7 (2-27)
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BEAR P2 R RE AR YR RSN A B ik
BAART R D S ingy gD R RN PR i ik S
AR DR & TG R ER - AL S S R R R LS
TR A e -5 R AR LSt T A B RTE

Ko AR ERET L AU
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2.5.2 Cross-correlation method|[33]

Cross-correlation method §2 ensemble method 7 1% B FF % % s
4 ®_— > & ensemble method ¥ mﬁi%l » S BHAE RS R RS 0 TR
i~ BARNE 5L A W P e R & cross-correlation method
FAF L TR IR T O F R SR oD
iR o

FRQ2)AERFERY X (—k) > 2 BEG=1.. . R)c4=
xof ,%'/ R p|# (F5]T ;¢

C, (k)= Atzh(l NC ity k= 1) 5 (2-28)
j=—n
;Fl? 4 Cxxl» ?rcyx,- fo ;”IJ {El *B ﬁ;@ ‘;}'g{?rj #B Fﬁg “i'ﬁ’t ° 7 '}’}?\E’i"’ ’ ;\: (2_28)
OB A N(2-29) e AN s i d e g B F (F 038 (2-30) e 4 S
B o

nyi = AtcxxiHi 5\" (2'29)

1 -
H =—C_, C X (2-
P 74(2-30)
cross-correlation method mﬂiﬂ > SficH R RS9 g %’J]'*u" i
He oo Poiap e R) 0 A TRA R E gk * ) fr ensemble method -
*iiﬁ% i S - RER A S BRI AN AR+ mﬁiﬂ 7‘/3?%] MR
=823 NS - -
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2.5.3 Recursive least-squares (RLS) method[34]-[35]

RLS ¥ if Mimik T ek 30 BURAeBI(2-7)%777 > ik B 82 =
fdp Bete fE B T 2 % (exponentially weighted least-squares method)

Input Vector /

~H
w’ (n—Du(n
(Y — Transversal ( Ju( )> Output
Filter
Adaptive a(n) o
_> Weight Control N
Mechanism )
Desired
Response
d(n)

B(2-7) RLS 7 if Mkt Bk b b H)

RuQ) LR PR ER-RRY R 2 u@) T AT S
u(i)=[u(i),u(i—1),...,u(i—M+1)]T fOM B KRR AR TR
Ll 5 mtd ‘3?% BEACE BRI L DB 0 g £
w(n) =[wo(n),wl(n),...,wal(n)]T 7 Wrendfie AT AF Sohilie g

A2 ® o F & - B A S#Hc(cost function) y(n) :

e(i)| £(2-31)

rn=Y 2"

Hee(d)™ #1a
e(i)=d (i) - y(i) = d(D) —w" (n)u(7) 7(2-32)

@ A A_forgetting factor » Hi& § ~ | E_ RAE LB K g § fcfS L B2 3
(@)~ d@) fre() Pl e uE A fN R R LR o 40
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B A ANIHEE DS ] 0 AP R * matrix inversion lemma 337§
¥V EI - BAoiN(2-33) a8 iF 7

W(n) = W(n=1)+K(ma* (n)

a(n) =d(n) = W" (n=Tu(n)

k(n) = — Pur=Du(n) £(2-33)
A+u” (m)P(n—-u(n)

P(n)=A"[P(n—-1)—k(n)u” (n)P(n-1),

NS SO PR R OFEE P TR R
(covariance) ek 4B o — Lk W(0) & - B E £ %
1/[0.01- variance(u)| + 1 ¥ . % £ BL(singular point) ! IR, o

0 RLS 24 = 4 73 jF (4o 0 LMS (Least-Mean-Square)) = A #
e SRk B it B iR R e e areiid R R i
chig B PTPESchiE B PE LS R T UG skend 2 0 s i
Sodfco Lot PR eh Y - BEERE R R R - ‘Bﬁiap/%]ﬂfﬂfﬁ* R AR
AR AL AT RIS o Pt @ Sueninverse filter 2

H_wiener filter 3 #ix i (fufe s S o
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FZ ¥ BRI R

il
o

3.1 H#EF =

At e A E_ A BIR & A gk B Ao Bl(3-1) T 0 i
R TIEA R I 2B sr g 2 A %Jt'iﬂffé&-?ﬁ)i@' s I\j%
7% B mﬁi%lf\ PR -se Rd A D Bt IR o BRI T 2 A
mﬁi%l xR

Y A% 7% A rﬂﬁ%]/\ PR SR R G- B0 3 ks
1021497 #5 & 5 0 9™ A% im(rectangular pulse) » F4 i # pt 3 A5
PR R PR EARY HV R 2R R R R AR R ol
I IRt ghd iﬁii%”i‘iﬁﬁ AT 0 AR A gy R
G R f‘ﬁ\ﬁ&{# g A% e 7 Ve A g g O o U AR 0 Ao
(2-14) = fe § w jn A% e o pF > 3 9E A B S i S0l st (2-22)

AT ﬁiﬂ DPpER e R B ;‘(2—17)5’1’12‘. Bz plgd o I
-7‘-; ?‘ rﬂ@;‘] =1 EE":F'& )i d’ zfﬂ\*’ 7“‘\5“‘ 57‘0 B rﬂﬁ%ﬁ’ “)'%’frﬁﬂ F' )
fe & N (2-14) & 2-17)m Kk o @ 12} m#‘”%i*'%q;? MatLab #2;\3% 3 #7
:—‘% o
Syringe
BI(3-1) = iR

GACRIE Y 0 2R A A IE S 210mL > 2R B R E R

% 250 mL - *% 7O e B R g A% B 0 R i #E1% (UHDC Flow
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System, Shelley Medical Imaging Technologies, Ontario, Canada)® ~
o 4o@3-2) -

Fl 5 A 28] in vitro B ¢ FIGER EVEE T i B
fod PR -58 R0 S4Eh 1 ihnd i $oBc(Peak Width ~ MTT fepf & 4 #c
)3 B endp M o T A AR Bk Rup e SRR R o
SEIL BT KN B P A R B P - B MR
B oA HH At BRI ET 0 FF-R AR RIS g n
FHA I Ao g 3 B PApM I T SR o U E )RR
Wi o @ B chT BREER R RS EA WL 15+2025~30 fr 35
ml/se @ &7 Bin B ehT3aE A w £ 445974894 10.4 mL/s -
fopE s APy h gl TEE R R A AR URE o

Pulsatile Flow

- 35

“

£ 25}

o

~ 15}F

& s

o
0 1 1 1 L L
0 0.5 1 1.5 2 2.5

Time (s)

BI(3-2) *% i B ek 2
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3.2 i EHEE-% R RPN

(3-3) A% e g T — B2 ] endd i Sk @ BI(3-4)R] - o
BEBE 19 3] s A1~ [ PR -5 R AL e () fr(b) B AR B T
BE o AN LB Rk iEn R E S 35m1/sf%ﬁﬂ¢%wr@?]ﬂ:f%
-5 b 8 (o) fr(d) B AT EAR AR 2k £ 10.4ml/s ™ i » o

Al AR o

¥

Intensity

BI(3-3) W2 ik ok

%107 (@ x 10" (b)
4
10
3
z z8
= w
82 5°
£ = 4
1
2
0 200 500 0 200 500
Time (s) Time (s}
)] x107
14
0.03 12
= 312
b w
5002 8
= =
0.01 4
2
0 200 500 0 200 500
Time (s) Time (s)

BI(3-4) frfpz PFRF-8 R & o
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3.2.1 B 4ei@% B2 MTT 0B %

A KB B PR -5 R AR B R d MTT,
MTT,, » = 4% 3¢ (2—16):]“'\:'1 MTT,,, - B1(3-5)4_T 2in £ o MTT,,,
B %o (@Bl 5 292 AS%%E > DBIELZEB S - it 2 T35
iR BRI EAPH B MTT & o @ B E(V/Q)RI R AT 0
ML AR T RPN kS MIT > s e & R 128 R4
Tood WY T UFREF R MTT B¢ 7% > PR ET
e MTT fe3sh &8 0 £ - e 2% En g T o MTT 4r ¢ %3032
W AR TR kR AR R X2 AR R ki

RS >3 I 1490= 1z A N T 3 =
/HLEE},A%‘::ZE ¥ oL oL i;’/HLEEL_ ll'_&m.ﬂL IHLEE ;\Z\’ 7T °

(@)

5 6 7 8 9 10 11
Average Flow Rate (ml/s)
. ®)

4 & 6 7 8 8 10 11
Average Flow Rate (ml/s)
B(3-5) T3 gfe MTIT ehff @2 o (a) 292 A ch %
mB'ﬂ'B rf’J‘zJ-—‘;r IB'I ]gwlj %ﬂz‘:r’}iéﬁ{%—;f‘/;i—[ﬁj

MTT > & &P% & 7 R B &4 o1 o

@ B(3-6)RIFF 7 Eim E(V/Q)fr MTT i % - (B &5 "2 A
chit % > (b)BE % "B % o %;, L ITE 0 @ GdhE MTT» 9
M A A TTE T MIT & A mn E TR IBEMRE T © &
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B AR E T B3 ke MTT frs e B 1o e MmHE R
BBt 0.99 1 b oo drpt B enip M iR T E Lk

B BT o UPER -3 R W ARE mifﬁéﬁ*ﬂ-muf‘byﬁ"”&? g
g

@)
60l y=1.30x+2.85 R=0.99
¥=0.99X+1.71 R=1 d
=50}
@
E£40p
'—
30t
20 30 40
V/Q (s)
80+ (b)
Y=1.15X+5.23 R=0.99
Y=0.99X -0.16 R=1 *
»60r
@
£
|l 40 L

30

40
v/Q (s)
B(3-6) 1% &2 MTT /Gif s in
Z v Ahig % o (b) 2B g% o

iR @

7,
% 45

3.2.2 i %uen frame rate

b S ihiEAR Y £

50 60

Eﬁ? (W B %o (a)

‘a‘ﬂ&

g

AR E TP B R R AT o

AP TR A

Hz (] >

; NN I]‘_—[“H;F‘

S — v » [PENES
et & A 2

FF/#PB" 5% B’ 1% > T framerate 2 1 Hz -

S & (T PF o FEP~ B i frame rate :

VB B e et L4 ke
o T A H R R Tk P A -5 B 0 SR(B-HRAE

5 11 Hz)E 2 1 Hz g 5

Bff o E e B )

ke &R A

# Z KA B(2-5) 477 -

o f 1

30

g 2 ok B R
%_‘) /H'—:E_E\‘E’\'

e
1

~ B %8~ W E_TP~PI~ MTT ~ PW ~ DS 4= HT -



SR P % 5] A (B-D)Fr & (3-2) » & ¢ A BRI S
IIHz % 3| |Hz PR G B-BA 5 T g 2 e > f gl 4 et g

N F AN (3-1)

EXACOE

/ %%, 100 4 (3-1)

%:Qa’{lle - %:Qﬁ/’:mz
2G-DELT B P SPREEET > 2R B AR Y R
o Rl A (DRILL LB R IR RS R e BB

A AT AT BRECT A ROl AT LV PRI -

TP | PI |MTT|PW|DS | HT
¥4 (%) (15mL/s) | 3.1 [03]0.06|4.7(1.1]04
224 (%) (20mL/s) | 3.1 |0.3/0.07[92(29]0.5
24 (%) (25mL/s) | 3.1 |0.5/0.08|9.5|2.8]|1.8
4 (%) (30mL/s) | 3.1 |0.6/0.10 56| 0 | 6.4
24 (%) (35mL/s) | 3.1 10701264 [1.3] 0

#(3-1) ZFE B~ PR -G R O S S o

TP | PI | MTT | PW | DS | HT
24 (%)(15mL/s) |04] 0 | 003 [13] 0 |02
224 (%) (20mL/s) | 1.8]0.1]0.06 220613
24 (%) (25mL/s) |2.7]021009 (03] 0 |22
224 (%)(30mL/s) |3.5]0.1]0.11 | 1.9]0.5]02
224 (%) (35mL/s) [29]02]0.13 030408

#(3-2) ZUEBEHAPFE-RRY S SET
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3.2.3 ¥ e B A2 4o B B 4 MTT 8 58

R S&EFERT > FFRREL U AR o
Bt R B AP s B LA evn— B T h R P SR
FFE R R R AR AR 0 Bt A RS SR B MTT

BR R R A BET P PEELE GO AR B R4 Bl(3-7)HTr o B
G-DEF ki g% B 5 35 ml/s PFEoE A Bl s - TR
MTT chTais & 285 4) » B L 5 037§ > b * £ B B 7 42i6 1.3
Fyo e e SiBALY o AP E G H I KR R FERE R S ende

2 S S v \ 2.
b BERR i £ SR e - TE o

P

27
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Time (s)
BI(3-7) "% B A4 BE 4 MTT o0 58 o A%

A4 BE i B g # o ShEMTT o= o] o

3.2.4 F MTT £:i5 < g ek 3

ARBI(3-5)° ¥ g MTT fri# & IE'F B20 fpu koo iAo b
ERTE P o e Bt A PR 2 TR BT B 0 T R e
)

£
AR FF R R R PpF o B3 B4 MTT 4% &85 %8 9

PR & AR PR S e R(3-8) 4 0 ()2 (a)
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€E
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MTT > § REZ %A g% BREL 7B S % o (R {o(b)F ¥
wE W A Ae B Rt e 0.99 11 oo ARy kY IR E T B
RN U - AN S SR

@

Y=1.34X+1.54 R=1
Y=1.31X-0.07 R=0.29
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8f = VA (S)
n | 4 (b)
—
E ................
|_ T
| 5

BI(3-8) & MTT #iT < ik #) PFIZ 34 & fr MTT B % o (b)
()R B SITHR ML c FRET WA PES > BLRE S
e B thik & o

11\

ettt S0 LT A g o A R BT R
£ 0d 0.85 & ) 10 F54r 20 #) o 4o BI(3-9) - (a) BIi¥ #F 5 0.85
Fio OBl = 10 7> (OBl 5 20 ) o gl kb 477 34 RIS
Efe MTT SaEstiiae jF i o SRl 0 o G RI(3-10) 2% =4 5 10
P BG-1)E20 45 0 ke enib & o 7 5 AR M (hdich R e (% > 40
w099 b od P REFIGE TR ERITOPEHEF o TR
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B T o
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33 R EvEE KR ROESE

3.3.1 Ensemble method 4= cross-correlation method

41 * ensemble method v cross-correlation method % & ip|pF % & st
SR TR A SR R EE AR A T L
Bt 2 wTHR T R R R T - A Y R FAE Y R
A

\‘rq‘\
??%‘5‘
a\
&
>/
~
B
=
o
&
o

BB BT Y ST G T eniEa) T o 2w
* ensemble method ﬂfr cross-correlation method % iz B BF 58 % Soendd 4
Snfice Fla R A kT - Bo Aaodidio At *‘]‘5'3 -k
~ PR RLRER £ RS KB BRI T dh- i 4 5o 4 ] (2-6b)
A AR BREERT G- R S f AT KGRI PR L
= mendg 3 Sodic o

BIG-12)%F - & pld ket A% o A LRRER ¢

T AR D endd 4k o fic 0 BRI A - ik O fieenI@ i | ‘
ensemble method & B & &k e ¥ S H A B R P X ?J ¥
cross-correlation method #TiF I|ehe ¥ M F = iEd ST 72 i & 5%
® 357 £ (MSE: Mean Square Error) 3% & gﬁ?%f%@g‘gei%ﬁ ;
5 B 1T ORI 0 SR BT M B g S
ttﬁi%])‘/ﬁi%] PR R - 3é)§ﬂlﬁﬁlf3ﬁ$€m—1$§m'i’1/’f P
srenifp B AU pE Sk el e S0 o
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B(G-12) @/ SRR DT RN R
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B2 L e ] ek T B~ SRR e S e 17 giﬂﬁﬁ;
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Time (s)
B](3-13) ﬁgq] DG A %1%5@?}5“3 £ 50 fe
Rpld kehd R o BLEME - M S BN AE 0 TR
& 41 * ensemble method & ip] ) % el & o B

A AG3)E - BREFFHLE 3HPF L RS RkemsE
Ferzo= £ afa 10 %P o 2 ® A ik BRLAF T 92
SNR @ od %7 #Z I SNR "¢ 5 f > £ 57 pLpFean it 2855 12 5 >
AL G R 2 PRASI BIG-14)R] b ip i B LM S 5 THz T oSNR
5-200 dB - oy~ 5L 0 T SRR TR FBLBR R 3 ) 4
Hi 2 PREFEFT ko ky 1= & o @ cross-correlation
method ¥t## 3% S #ic 7 B 5% A » 2 ensemble method — # © gx b
- %% 7§ & * ensemble method fr cross-correlation method F# @?J
N ERRIE R § B K LN ] T L PSR A g B
R T S

Jo ok BA AR F(Hz) (161 (7.1 1.8 [0.7 0.02

SNR (dB) -204 |-207 |-209 |-197 |-201

#(3-3) F R~ B ELF SRR 0 R 4SS L A 10 %R
ensemble method #77 & 7 SNR & °
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FI(3-14) § fe0F 4 i~ 2 %L 2 ¥ SNR 5 -200 dB -

JES
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tm@']»'l%ﬁ& R W AR Ry LLF&m@]“'/P‘Efi ° % (3-4)5 = -
PEZPEFFE > B RiFi5S L A
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TR FERFEEEEAHT
T A

Fop ke g b andg 3Ok ¥t R KB 7 F B 0 Levovist®(Schering
AG, Berlin, Germary);2 5] 52 P = B 5 & - fk A7 & % 4
AR AR - N EMGIR R AR H AR s S
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FBRoOAUL B A JERIFERIDL LG PREL TR FPE L
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N SR M Eoeanid F(H 335 ff/é")_% P ISR EBE o

10 um

B(4-1) 7260 55 % g Al

44



:B
[\
~

7 G
o

%
7

-3“:;,

¥t o in vitro F B e 5 KL f#&r%](4—2)b’”r7’ﬁ o gt KT d S B
REVeLa s 2 ATHAEL 2102 > 2% BRI : 250 22
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Technologies, Ontario, Canada)j%_s ;% #-#% # (UHDC Flow System,
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ZVEARL ST B RS v R R e R R T R
*

- o N 5 £ N2 u 15 Y RS oy mT £ -y :
RSl e FUo gt AP R R H %‘3 T e 'f‘—" 7 Fp B R R
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FERAY - L Az F AP %R (LOGIQ 500 System, GE
Medical Systems) %k fe ¥ 4 47 i ﬁi%] » ﬂfrﬁiﬂ VR PR -5k B A A o b
AT 5 AR BIFEE(546L)eY A F 5 5.4 MHz » @ mechanical index
(MI) -] %% 0.4 r438F & = RLE Bl 5 J2 o B2 I REP 5 (frame rate) 5 1
Hz ol 5 $H45 & i ~ /85 11 F #4795~ B mode sh & P % i o = #79 7
500 3% B2 1 * F2 xg'\#gﬁ’»—l‘ (frame grabber (UPG401B, UPMOST Corp.,
Taipei, RO.C))F T4 @ w B A T Pgiadici it Fed® > ed® = 0
RETFAS K U AR A 4T o

3 BIPT A AR TR e R4-3) 1 221 &S Ak
™, W ,EEI%J»/%Jﬂ,,%mE&W SRR e L R RER P B
Fe e ERITIOPE R - R RF & L KiE gamma function 7
fitting » 4o 3% (2-13)%71 °

FI(4-3) 3 ST 1
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4.4 "R HPER -0 R Y RS

F B N HACKI(4-2) 97T o fF - B2 ETamAug T 5+ ch
Rl o — BL A PEF-%E Y RAcF(4-4) o (a)fo(b) & "% rin £ T h
BE AW L E R3S mls FL LB ﬁﬂﬁ%%«frﬁ%ﬂ:ﬁ%@-é@@@' e
()fe(d)p] FAp H RAE T B eh% % » TR & 10. 4 ml/s pFepE -
HAEW Ao a BLAREF E AR E RS 0 T A EEE S (2-13)curve
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%(4_4) ? ‘Eé} ':’Li’ /fgy Eﬁ" II_E"EE‘;— EE'I& }i F’J 4.}7’11 (a)?r(b) LR, ﬁ:ﬁ‘/ﬁ- _'l.i - mﬂl
Ao (C)'fr(d)ﬂ ?L#B fj'f[% Tk e Ao g‘L@\KF 52 5P| B é.“-‘;t ,
F RP|E_E1F curve fitting {8 ehiE % o
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Foar A AMAehERe > g T g ] A d Bl(4-5)
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SHBA SRR BP0k MIT RE% EamE LRt o &2 0
E%*i'hw;%‘fdﬁﬂﬁ‘ﬁﬁi% %20 T Rk e R T ey sk g ¢ ) o
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4.4.2 ¥ MTT 4235 < peenik 3

Pk > 2N * FE s 3V E MTT &r e g 8 27 8
i BT e ki gvnggfs o bR R B E 5 20 ml/s PF o i
Bt 2 R AEH 085S e 2 B~ 5@ 10 B4020 & > T
% eI MTT o ‘*%ﬁr%}@ e (@B 5 5%A5E%E (bBETE
Ao MEFFOLEF BRMIFHNEE XL T AT
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52 7 I B HCN T R R HL R

AAEP 5 Bl R N AR fg»\(fundamental
imaging) ~ = =< 34 4 B if(second harmonic imaging)fe#* 5 ¥R

(power Doppler imaging) ¥+ s 7t $-Hc~ 47 F e 58 o

ARG G A AR B R DT P TR
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