SRS B - E LT

BAEAZ B A m = Tk

High Frequency Ultrasonic Flow Imaging

P12 ERE

PEARAY L&






3t

YA ETHLITE B AT P& o
BRFLDAEL S A{F TN —FRhPOERFL L HREFECH
W2 - B BRI RARTELRB I FTLAETIRN N TR
Plo BRI AR GRS AR ERET A ST e s &

" SE T, — X B 4 N\ HE — >
RS —R R SR A hE - S o

‘=
AN
R
i
o
N
=
A
_Y
-1
¥
=)

v B oo

Rl 3 0 BRIt AT

MER S n'ﬂfﬁ%;.ow’},f” el AR AN B A SN
Pl FHE T AR R T R AR E R A
TR AR A S g B R R R RIS £ B B
R A B AR~ P e s dRkIg ~ Bt v 394 S H g Bag
ARG ESP G REae s 8 A S 4 A g i
PR 0 FRE G O AR E AT AR SR o

B REHMADRA MR E - BORAE R T A RN R

{SREZ2 fs e X Pk » 3 Fop e tﬂ-@ﬁ”—‘;‘%o-ﬁr%;\:é‘p};;»ﬁ%%‘#
G gk o A SF DR M E AR 4 JRE RO IR R R B g
eIk o BT iEe £ 5 ke UM RA AL BEMhp 37 2
WIAH o WKL E A FAALARE T - B A oo

ZoRihE @R

AT T03 %






i &

EARAREL AT - ErEREIA SR FEEYT L 0 F
@?yp%mﬁa}uwy@%ﬁ@ﬁ%ﬁﬁ’WWQﬁ?*—£$ﬁ%$&~
BRAAR MR ZLE LR R R FRIE Y T AR L 5
Frer s LROCHAREG RS G T o LD Ak (320
MHz) d * % $o% chy BFfR47 R L2 R f2 47 B > R AP s TR %R
P BN e e B L TR e R EAE G AL T G
RIS BLL EPE G T - LR AT B W AL R e 5 Ll
- FTREAFF S EF B R PR R iR S AR e
AELSAERE AR e n R R R a0
IR R AP EnEl ST st & SERTEIRIE I o T 3 N ra= Pk

F R ATE B A pesE o TPt S At TR BB T BB et o
APy P R A - i B i A o B R R
Boo i Roamic 4 0 02 /B R L B AR AR R RAS
OB O A S Bl SR DRI A AR R 2 N
BLRJL S b R pdFt - Fimatfim e A 2 TARF A FL 8 T
FHREFR AR TR T RFAERL TR EEEE
oo MAlER L R E R A PR ERRT MFHE R
(2mm/sec) il FHn S Fd > @ A PA AN I BB iR
Flwid Smm/sec M ATl B oo G ¥FVC A TR G i PR T O
ok S PR R o B R LA & BT e — o 3 R U
IR R o AR p BT K (TR AT R g R
BATIZHIMCF € 7% 1 2 ] @ B j8 B JRAE 5 1T B AT e
#p 5 4 Bl(20MHz~50MHz ) = gt b > % B e 0 ~ f BRchzbs
L AR PR R A A S PR R BB R T 5L § T MR
*éﬁ%’uﬁJ&uwh@%Lw’ PP R R B e RS R

AOR PR RS EHT o Fie ALl lum i R

‘\

A
2
/

P

-~
B



WAZS M (25~50MHZ)™ 7 § e 550 i 4 o @ 7 YR Ap ShoF
PP T A R s 2 1 Sen i A ol g A S B
A5 8 ) 25~50MHz e i 3 89 It 5% 0 pF o 2% e AR A A B 4t
A E e gt B T~18 dB > MEF 6 Sk B e 2 0 H g
B Ak o AR RN 0 g A MAF @ e R Y
g 2 B I G0 E2 R % m IRETI Bl A e e iR ¢ IR
AP HIRF SR BT N g S F e B R Fl - o ARt
AL e M e PN R R Y e B R S R ]
B b jn S ot > PR G R R AR P e

Mt BAEARF R PR B BRI R - FRSFS
FHL B A o B R S PR R AR A A B o



Abstract

Small animal models have been used extensively in disease research,
genomics research, drug development, and developmental biology. A
non-invasive, small animal imaging system with high spatial resolution
and high sensitivity is beneficial to the above-mentioned research. With
such a system, the need to sacrifice animals can be reduced. The high
frequency ultrasound imaging system (>20MHz) is ideal for such
applications. However, one of the major limitations is the ability to detect
slow and weak flows. A mechanical swept-scan technique is adopted in
our study, but the continuous movement of the transducer during data
acquisition also potentially causes ambiguities in the Doppler spectrum.
In addition, it is difficult to obtain high signal-to-noise ratio in this case
due to weak backscattering in micro circulation. Therefore, the main goal
of this study is to improve the high frequency ultrasonic flow imaging on
small animals in both areas. First, the scanning technique and signal
processing on color Doppler imaging for improvement of slow flow
estimation is discussed. The swept-scan technique includes “block
swept-scan” and “continuous swept-scan”. Continuous swept-scan with
slow scanning velocity (2mm/sec) is found to be desired for slow flow
slower than Smm/sec. On the other hand, contrast agents are used to
enhance the signal-to-noise ratio and develop non-linear imaging methods.
Liposome micro-bubbles are made in-house as the high frequency
ultrasonic contrast agent. Based on in vitro results, it is shown that
liposome bubbles can enhance the back-scattering signals in flow region
at high frequencies (20~50MHz). The pulse-inversion based fundamental
imaging technique is also tested to improve the contrast-to-tissue ratio.
Compared to fundamental imaging, the contrast-to-tissue ratio can be

improved by 7~18dB. For the in-vivo experiments, on the other hand, the
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liposome bubble appears to break in the blood. So the contrast imaging of
small animal is not as effective. The osmosis pressure is considered to be
the major problem, and improving the effectiveness for in vivo flow

imaging will be the primary future work of this research.

Key words : High frequency ultrasound, Small animal imaging, Doppler
ultrasound, Swept-scan, Contrast imaging, Liposome,

Pulse-inversion based fundamental imaging.
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T AFFREH & Pl Fl FF A F AR - BT - e
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BRAPB ek SR 5AR S F— 8 F ank B 5 B [T o il B D
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LA R N R A4 5 i B 4 28 #F 49 (Continuous  swept
-scan) ! % & B I 78 #F 0 (Block swept-scan) » [ 2-7 1 % [§] 2-8 & &)
R K Rarir TSR S Ul pE A S Al R 1 K G
AR A R 2 F AT AT AR RO R R o T SRt

3 fE S 3V B TP o

B F R

ol 2-7 7o 0 RFF ISR TEEE I E Y R B IER
FHEMEERHFL A DR AT AR AR EE YT
S E A g o T EE SR % B £ A N 2R S5 SR
Llh- B B E L gt A4 TP e g R
AT VIR %m%g@ﬁﬂ‘r)i"’*i’lﬁLm B N 2 F 8403
PLL B T TR N SR ARFHR ARG - T
BEGCEL A FHRL AR —BEE AR E I FAPELS LA
AL R B TIEE ] 2 E - A H B E8E FWHM (full
width of ultrasound beam at half maximum ) #— £ &35 » PRI ¥ 4L 5
P—iB B P eBofk o O R BRRIFEEHF &P X L 50MHz
A A B > H R B el ek ﬁf\%’fﬁ (FWHM) % 60pm - %
A3 AR AARPEHE 2um pF > FiEE 1 L8508 1 ii’éfﬁlf
AR R e B BFPEE S 30pm 0 707 il ?%ﬂ?#ﬁ 7o 4Ffg BEF B Ap AR
158 F S8R LF- 28 F g Fme mty o

P b R S N B s AT 0 A F MR AR
lﬁﬁvﬂwbwnmeﬁﬁﬁﬂ’“?W%k*“ﬂ&tim g2 (]
2-4 )i clutter rejection # F# ¥ - % slow time * @ * wall filter Jjg it % >
FOBFESRR rir g R ELE R [17] &rtLﬁi%J »TELE RS 0 B
S ¢ E Tl B SRR T @R R kR o KA b
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?%%Hmﬁﬁ’uﬂ?wﬂq RN S T

BN ABTR R B R o T LR D B i B

(

SAR- E8

nalog to-digital converter - ADC) thic{gfid * € » @ TG HF
B B EERIE A > T B E R R T e Aok il
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Tl A FARL AR —BEE P nBE o AE - i B E R
FWHM — £ £ 3 er924] T » % 48 6147 % 5 SOMHz B » sk 3 ¥ 4g 2
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FER ik ST L1545

ERAR A [ E AL I ‘"’ﬁ - AT 15 £ 5 512 5L 4 slow

time * & 7 ApRE 4L Fpt AAR S B S R F Y o @ * wall
filter 7 slow time _} i {7 ;),é,kﬁsfg‘ ﬂi%] ek BB E R TG 158
PRINpABZHWERREARE  a g @ pidnk 7t G e FER
FEE g ol e A (transition band) k ® A MG LB G R
BLo EiE G Bl g g g BEART L T A (S i TR
TP REAAEAL o

*37?}

B A R Rt B)E e @R R R
g ;pﬁ'fﬁ%]m: Ao I o0 e fowall filter e b F U BRE g
HEE A RLAEFEIAFRET G RAFERO B TR A
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R E R T R e U ’IL‘%@;J’@»-%/FE" ff.%&ﬁﬁ%@
fool ik gl R RB-ADC G e R F EH L TT T L o

25£$ﬁﬁﬁ%ﬁ%mHm
FRYFRNFREENE AR OFFEE RN B AP
Beo#d R FeRCERFARREG - B ROBBERF 2
RNF BRGS0 BOEGE P R B T Rk (tissue
spectral broadening) » 4ot = ok A" BOEGE b oo o SRR B B RE
gt 2 £ eh v e kAo ¢ 'F 1 wall filter & slow time F g5

BELATE > kT W RID ek M Vi R F] A R e d 0k i
¥ A e Ol B RO MR E s S RS E T AP L

I B R B DR B0 R M g A 7 AR
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PN BTV oK AR AR
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4B 2-9 AP E it FRS S H - $TE S U {RP > BRIFR
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Rau ®— 5 =F#A1 X 2-4)

He As&F AL L5 REFER (focallength)» D 5 425 i
¥ Bf 3L 4 % o] (aperture diameter)> @ L / D % & 5 F# (F
number ) °
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F#A
tran. = V
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o) 2-10 77 > BKIFEE A ML E - Al L 0 Pl
Sk R R AE R R ek K5 R A T 5 sine Sceh T S p
SRR H - AT L ER e A RS 0 fslow time 2 e b ehfR
SIS B L o N IFE%—‘F,’K ¥ 13 Bl s F e ”15’?]—?!3 . F 2L 7]
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BEl PO PV 2 Ak R AT oS 2 F RN B
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«— . T *t Doppler
F#* A 1 spectrum
T= F max = 7T
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%é" i }i ;‘_'3' Vflow °

BEFHERMAT QRIE B R DM G B AR
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BHL LGRS PO R 2 R G RLR A TRAHR B OR e 4
Fo i B RS R AN BT MU e R o

AT R 0 E RSP EH TR 7 KIE TR
T R F RO g AP —%R ‘g\m%ﬂ?%* =R ) R
% (framerate) T *# o & pF (real tlme) = xg\ » BE T T
EE N "a.@iﬁ;‘é&%‘»?l%l“ﬁ R E o T E 5 F A € FlA

2

JE2-4 83 2-5 & eiddh Vo Ao AN S 0 @ % ua ORI niE
B afFf > e FERFHER K TREHF T FH o 1w
RN ﬁf%w R AR R Bt R
PR NS R gy Bl FH N ¢ @ @ slow time 3
F RS R R PG 5LE (7 wall filter im0 M G ORGSR L =

Ilﬁ—\’;ﬂ— n- p hu ©

cﬂ iy

AR ELRAE
i LAEFEE RPN > AP Jf Aoslow time o i *
- BRAFELIRAE (FH wall filter) 2 Fimik > WRAIHFER
MR T B X T B R REE PR G R AL R
mogn = Mgt oo d A R R R g M E e TR R
FAR B Lk R G R R S LA RIT b
B SR R AP R R L ﬁ’%%’ e f R E PO e
BELB G R R S 0 (X BB AR R T B A
A5k 5 ? wall filter E’ﬁg}:?i BN & > M BURA BARE D
HE R o R AR B D R eh# ok 4F T (cut-off frequency ) 14 3 r 4 en
EAF > A BRI EBREET T T IR i i E[19] o
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éé%f‘g»\ér_ slow time & = + > 4paRenBoik v 3 B RAPR M > 702 wall

Bkt aApr g “?/ﬁ%@*ﬁﬁ’—r‘%“g)@%? °

B owall filter cFE#H > E R * 3 FUREFLE R A F (Finite
impulse response filter, FIR filter ) » H jmd BFF s F 2% B 1w 7 "4
Wi A o BB R BOORIERERE  BR - B N fFep
UL EE R R B H R RE R T L NYL B A FFm N
¢ o slow time } i PRF 2~k 22 T LI AR HE —8b4
i@iﬁ?£$ﬁw;’&ﬁkqﬂpﬁﬁ%mﬁ?ﬁifﬁﬁ
B chn C ¥ EL 7R A — B N FE rwall filter e09% R 55k £ B BB N+
SRR Mo RPN gL 3 o g B R i
SR S B 8 R R il %;g% Py rUREEL R Y T owall
filter > H Jmid BFs B € 7 eSS U MRS 2 pp e LY/ N g AU E
T el g A o

b

Flot e M PE BT g A E S R s U S e A B (infinite
impulse response filter, IIR filter ) #& {+ & 2 i A wall filter F0F & A
PLEH T Ry - AN R X 3wk B(type I Chebyahev High
Pass Filter) & # wall filter i * > B3t 3 i gt BA 4 F anEH >
PIEA N b BRE M2 B e nGHEEF2ZEF A Fe
g;%ﬁ@@ﬁﬁmr%(@Mbmm,aimﬁﬁﬁﬁﬁﬁﬁﬁ@
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Frequency Response of Wall Filters

- —— 8 orders FIR —
16 orders FIR

“| = 32 orders FIR [
64 orders FIR

i i : ! i i — 128 orders FIR

............. SRS S SRR R R - T L | _—

Magnitude (dB)

i i i i i i :
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 09 1
Normalize Frequency (=1 rad/sample)

B 2-12: 2 A3 i gt BEREEF PR R

PR P enB A % SR AR RS R P B 2 R
AER OB HFHE AR TL 2 mm/sec PREF % %% 2kHz > F|pt &
R e FEES lum o § B S A an? A F L 40MHz
o R EBSEw A KT AR 5 75um > & ¥ d Nyquist Criterion 3 & )
VOB P e B ik 9 5 19 mm/sec s Rk SN 241”;‘/,%;“,% 0.95mm/sec 14 ¥
ehie 8k 2 5L P wall filter & 2R 7 {8 e FAE S F % 5 0.05 (0.95/19
mm/sec) o B] 2-12 ¥ 3 A @A NFHEF L 0.05 B pk BH AL

FRER > AP R 8~ 128 fF ey TURIFER R A B E T FFan
-~ PR ERD LA BRI TERIEAD A gk BT B

g A o ¥ IT 5 Jpik vk Ak oh wall filter > @ UK R R R
BRI 128 FF A F TR XA g BB > Aa Fi

128 P ey "R e P it B i o KA A TR T v € 2L
RN DTS 7 2 A B8 > A g 27 L ipdk B 5 Af
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BAR TR ML 0 A B K TP zfgﬂ;rmtm;w BEF o B 2-13 5 7
oy~ 2 HLR R BT B A (Y DR 0 T PR R - AR RS A gk
FOM S P B S TR AR S 1 mm/seco T OUBE DI~ §
PRCRRE 7 A P BRSSO B g o B BRLARK
P 3 oA de Y R AR R R e AR PR T
§ 0V s F SRR ehislow time e i (iRt o B RELE RS
4000 Bk > FlUUAE S AR AR 0 Ja ik BA L 1Y HE S PR DR

P . P N2 5 P o Y
—%—Kﬁé’] Ay Fh e j‘-’"/&/ﬁ»ﬁmﬁ"’& B 5k & B o
Frequency Responge of IR Filters {input signal length= & points) Frequency Response of IR Fiters (input signal length = 20 points)
— Zero — Zero
10¢- step 10 step
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-20¢- — stable i -20¢- — stable
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e ™
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&0 T e e
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—— Se————
P : — zZero : — e
AO - Beeee- step 10f--f oo ee- SRREEEE LR L EEE SREET step
| i i projection i projection
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TR KRB IR PR T MR B A R 5L A R EE AT
Flenw BB ST 2EAT A 10 > d S Ee i e g e B
Bd RS T DT R RIS o NPT AP SHBREL D
2 B AP T F R e a8 A5 (coded excitation )~ 7% fiR < 4p (pulse
inversion ) ~ ‘2 5 3% L F i (tissue harmonic imaging ) * 3 5L it
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T B (expander) U4 st endein > &0 fPF FARIFEE B ML S
AGE  FHFFRICART AP RAGTELE > 7 LSESE Pulser /
Receiver } e %3z« B 2 SHEm A B REIR B 3o K enjiess
F OB A 1k 26~54 dB > iR I F BT 5 g B2 o hsen
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3D Positioning

Power Amp.e
200 WMHz-
_I_> D/ fe
PC.
Iy 4.0'_<|_o,_
200 WMHz- RF filtere
& Pre-Amp.

B 2-14 0 28425 7 2% % SRR R

AEF PR DB AT AL FR e e A F i T
#c# (Professor Kirk K. Shung) 7 7 B Ff #r % i® 5 } 458 2 lithium
mwueé%ﬁﬁww%a?@%wér‘6uﬁ$45MHpjmwgg@

5 55 %aHE M o HavE < E 6mm B EFAR (focal length)
& 12mm > 44 (two-way insertionloss) £ 5 10dB - ¥ #:& 3
e fie— MFIE %nf’“ e el BUAR L L B AR S eTid S ELhA B
fo+ 4 o

EAMEEHFHEP G e o d B AR ol H - REDB
BIFER > % pd 25 ERFPHFRE N EFHFR o F- 2 B-mode ¥
Gem b JlrHEEEZ PIREEZEE FFHFFRBRENFE
B E - EROTRE LA L TE @ - X R AR T
Flow ¥ RBER - P GE- B A& FZ e AR A B e SN
2 BRRIEFFHEFTAX Yo Z > b EF2 a2 B a
Feh® Foo IV AR TR AR A B g TR o B ik o)
FEERET ED lum> §d R G lum k8 2 vz - A
SETT WwEED L EOTR S E LT R e STk
Pl A * i A 7 Pafe & LabVIEW 5.0 048 K41 -
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AREHI G e FREBRFE - HETE BT 2Rk
:}r;“ %5420 Bld B 4§ %A & LabVIEW - Visual C+ 43241528 % =
& o iR * Visual C++ ¢ e MFC % F I (T E 41 5 > 4B
2-15 #77 > BARE /i o T E 4R @ chdg £ 18 0k ST ¥ a2 17 B-mode
Fo B AR B AR R #FB"}%'%F I B A L A R E
oA ZAFEGEFREAIL LEETE R FE 2L TR
7 — 4 L B-mode A FFAZ S A B i\E\ ARt Bl R oo gt 4
PR T D A B BT R T R R Y
BT RJJEE AL o

=1

BHARR AR R ARTRY 22 REHT ¢ FEFERBEFT
Z 500 MHz ~ & tg f#2 47 B 8-bit en i ¥ 3 # P % T B
(analog-to-digital converter » PDAS500 » Signatec > Corona » California >
USA) {feB~#k4f 5 200 MHz » =tgfE47 & 8-bit (hiz F A A 4 B
( digital-to-analog converter - DAC200 - Signatec > Corona » California »
USA) ~ & # F 2+ B (RF power amplifiers » 25A250A » Amplifier
Research » Souderton > Pennsylvania » USA ) Pulser/Receiver ( 5900PR >
GE Panametrics * Waltham > Massachusetts » USA ) frn#ic/ 1= 8, 425 A&
4 ® (arbitrary function generator > 33120A > Agilent » Palo Alto °

California » USA) & % -

foaF steh B bk Pulser X # 42 F A X EEPF > Pulser ¢ & 2 -
B ahg TR G FFFF PRI F T g 2335 R
BRAZ Ko w gt g E IR R S EE R o
ANPEEED - B2 BEVDR S KSR LR B MK
PRI R AR ¢ A g BB P 2 B I—np A5
R AR R i AT A % AR LAS RN o
g RSUPRA R U]~ W B RS Tl AT 2 ik
E% SR St TR T I L R TR
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% ek 4p i (pulse inversion, PI)

B A NI N T AF B - AR EFSEE v L
BHLk R o @ PR ek #Eiﬁtf{’ﬁﬁ{iﬂ? - BEERES B APR

£ 180 & o B v b B SLER 4 1

kAl B SR bR Bee
B 35] -

R [W\/ 1 AZ AR fo

B 3-2 . "% ek g Hoeor 3B

e ma T BRERw R R s YO o mA YO T o R

‘?"/P‘sﬁ; )ux(t)é‘ﬁw ‘f&\ﬁiiz\,ﬂt—lﬂ_""“ :

y(t) =a,x(t) +a,x*(t) +a,x’(t) +... (32 3-4)
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y+ (1) :a1x(t) +a2X2 (1) +a3x3 (1)
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Magnitude of scattering of bubbles
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CTR Improvement after SNR compensation
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Frequency Response of tissue & bubble in 30MHz , 10 cycles
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Frequency Response of tissue & bubble in 50MHz , 10 cycles
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CTR decrease with axial motion
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