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SUMMARY

Twinkling Artifact (TA) is an artifact which appears with random color
changes in red and blue, even if there is no turbulence or a similar movement
in the tissue. TA 1s often observed in renal stone, calcification, chronic
pancreatitis accompanied with calcification, papilloma thyroid carcinoma, and
calcinosis. The underlying mechanisms of TA have not been clearly
understood, yet. In this study, the sources that is expected to cause TA was
classified into target characteristics and machine settings, their effects on
TA were experimentally tested using phantoms. In particular, this study
proposed a new technique for enhancing TA contrast and evaluated its clinical
potential. The present study is divided into three areas: (1) the effect of
target characteristics, (2) the effect of color Doppler setting parameters, and

(3) the TA contrast enhanced by mechanical impulse.

First, this study examined the influence of various scatter characteristics of

target on TA using tissue mimicking (TMM) phantoms under the same color
Doppler settings. It was found that TA occurred more as the concentration

and size scatterers were increased.
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Second, the effects of color Doppler settings on TA were assessed using a

circular contrast targets, for the following eight setting parameters of PRF,
frequency, WMF, ensemble, line density, smoothing, gain and CWP. TA was
observed to be maximized when PRF, frequency, WMF and ensemble were

low, line density, smoothing and CWP were high, and gain was mid.

Third, this study found that TA increased rapidly at the moment when
mechanical impulse was applied to the target. The increased TA induced by
the impulse persisted longer when the impulse was stronger and the target
contrast was high. This finding was verified to a patient with tiny renal stones

which are hard to be seen on conventional ultrasonic images.

In conclusion, the present study shows that TA is closely related to target
characteristics and was affected by the color Doppler settings. The study
suggested the use of a mechanical impulse to enhance TA and if such a
‘Contrast Enhanced TA Mode’ was implemented in an ultrasonic scanner. TA

is expected to confirm microcalcification and fibrocystic lesion (i.e. early

Xviii



breast cancer, chronic infection, and tiny stone) which cannot be clearly

identified with conventional ultrasonic images.

Key words: Ultrasound, Color Doppler mode, Twinkling Artifact (TA), Target,

Contrast, Setting parameter, Mechanical impulse
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A7 RadiAE ZA] 514 (flash artifact)o] 2 4= At} (Hindi et al
2013). ZeA 3142 A2 UHE (color sensitivity) & UF =3& w A4
w712 s =48] FA]del e A s 3|4 (color bruit artifact) o] A
2 4 9lom, de] Ak offel o A o] "Wylo] Mow uHE AL

49 34 (perivascular artifact) ©] 2HAIE 4= Qlt} (Kruskal et al 2004).

thefs 5y 449 s ol del =& el WiRsHA E3 sk 3
Ao TA (Twinkling Artifact) 7F Slth TAE Ag] &8 G7dolA =& o
SHrub olgk frAbst FAQo] fHelE E=7ska WA (positive) 3 TR
(negative) A7} F29 2 vty = Fdoltt. TAE 2 T8 44, 433 &
73t WEARA]  (hyper—echogenic target)ol] 93] H¥Ew (29 1.1-1),

Rahmouni (1996) ¢l 9l Hx= ATH S
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Figure 1.1-1 An ultrasonic B-mode image (left) of a renal stone in the right kidney,
together with the color Doppler image (right) for the same stone. In the B-mode
image, the stone does not have obvious acoustic shadow and is not easy to be
identified. However, the TA appeared in the color Doppler mode enables one to

identify the stone.
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dAAer TA = A3 9 A3sE Fuker ¥d, A3sd g A
(Tsao et al 2009), 7+ 3|3} (Yanik et al 2005), F74 @344 ¢ (Brunese et
al 2008), 54133} (Tsujimoto 2014), 21435 (Tchelepi & Ralla 2009),
A3slgtd AE9 Zek3 (plaque) (Tchelepi & Ralls 2009) SollA &%
AT, 54 7348 (Brunese et al 2008) oy @d AZFS (Yu et al
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4 2Tt (Brunese et al 2008, Yu et al 2012). T3+ o} FFo H$ &3
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I.TAS 714 & 9stF {84

2.1 ME

TAE Ay E&2] Aol F4ols tidEe] slede A7t Fa94es
WAt s o®, ofA 1 g 7]Hdo] geketA ¥tk (Rahmouni et al 1996).
AutA o7 TAE EF9] 54 (Yanik et al 2005, Tsao et al 2009, Sohn et al
2002, Chelfouh et al 1998, Lee et al 2001) % 259 Av] 3 Ae] =& A
A (Tsao et al 2004, Wang et al 2011, Choi et al 2014) ¥ #AHFE Ro 7 2
A Qv TAE= A4, 4338, M35, o]=4 (o, guiding needles, catheter,
surgical clips) ¥ £ 7 REAMA HolA F2 dAStt (Rahmouni et al
1996, Lee et al 2001, Ustymowicz et al 2002). ®3Ft TA+= CWP, ©]5, PRF,
WMF, &7¢E (Ensemble), 253 &2 Ay &g A4 WHFo o8 JaFs
W=tk Aytac & Ozcan (1999)°l 9 7]&9] opyp= 14 Z 53 AH| Rt

=% 290l 2 AT uA"E a3 AulelA TAZ & 2Ases s B

PYH O TAE 1 sl M, N8F, Mg Pue Adsts o F85)

83 4+ v} (Yanik et al 2005, Tsao et al 2009, Sohn et al 2002, Chelfouh
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29 2.2-1% $F84

A

dol & T/F5, 9, glass bead (H7 40 ~ 80
m, 5% 0.002%)F 4> FFTY AZEA wjAe] it dF A Ay =&
FLs oAtk AAD SFelA e 25T P4 I 2.2-1bolAl Ko
T30l ofst AMRAIE 71l ol AE gAY 55 Holeth A ZES
GSARRE "HolAw Xy WA E dojule /£ % IF

(acoustic streaming) < XAl Ft} o] Wl AHE 7 59 ZFL YAl A

2 AMREE AAE M A ol TRl Ay EEY el E
Abt AT gl H2A JAFo R yebdtr (19 2.2-1a). R glass
bead (F% 0.002%)E T3 THFA 4% A =52 A= b2
vebdth, = %9 glass beadv ZstAl AbdbEth ol st oA AbeHA
(hyper—echogenic scatterer)©= 1% 2.2—1colA HoFxo] Ay LEIEY

REox TAS Fsic}.

FA%0] gl Bl wbabE xgue Fugb Qb 283 Fugs)
Fosty] e £Ee F5 (G5 Ao olgFow 09 g sHath

(Mitchell 1990, Foley 1991). % %53k 9% #H]7}F phase (&2 clock)



(a) (b) (©

Figure 2.2-1 Typical color Doppler images in the ROI (marked by the
dotted rectangle) obtained with (a) (distilled) water, (b) milk, (c)
(distilled) water with glass beads (40 ~ 80 um, concentration 0.002%).
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Figure 2.2-2 Color Doppler image (right) obtained with a smooth stainless
steel reflector (with a thickness of 3cm), together with the grayscale image
(left).
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Figure 2.2-3 Color Doppler image obtained at the boundary of the six
different waterproof abrasive papers with the grit scales (CAMI standard)
of 50, 100, 220, 400, 800, and 1200 (left to right). The number represents
the average particle size (1200: 6.5 pm, 800: 12.2 pm, 400: 23.6 pm, 220: 68
pm, 100: 141 pm, 50: 351 pm) and is larger for the smaller particle size. This
indicates that the abrasive papers are lined up from coarse to fine (left

to right).
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222 ZHy =E8 MH™o| O/X|= =1}

22104 A=d whe} o] g I AA HA e, F =F =49,

v g Ay =2y A W 58 TA A 9%e =k

il

N

S 893 TAYY A#A4E Behnam (2010)°] &) Bwug Aoz x&u
WAFS  (radiation force) ¥ TASS] #HAdE AAbstH 253 WA S
Z5o7F widS A9g w7 Aget Al o8 43 7] wikel (Palmeri
et al 2005), =53 Aulo] SFeHA Fof vsict. HAZ

TAE 7]%9)

ofgR T AHEUE 5% FHo| w& UAY a3 ZHlold A Tl

FiE AT w TAZE 9 @o] @Ak s dE3
TAE =4 X2 Ao 9J3gFS W=t} (Tsao et al, Kim et al 2010). TA=

B Wi ofgle] 24e AT W Bys Yehdth 1o 248 B e

AASHA = TAZF Falizth (Kim et al 2010).
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a8 MAEE Ay R 94 o8 244 WSl CWP, o5, PRF, WMF
oo XA HW TAS LA JF= mA= JoR HlY (Wang et al
2011, Kim et al 2010). TAE F& CWP7} ¥& w, o]5°] %S o TA7}
WA FEI T (Shabana et al 2009, Aytac & Ozcan 1999, Gao et al 2009). 44
e AFoA TAZS HugA717] ¢l W oz PRFSF WMF Zde] ol
ARbE As7F BHarsan glo] ofef] ik o] Fask AAoltd. (Tsao et al
20009, Girish et al 2011, Shabana et al 2009, Tchelepi & Ralls 2009, Aytac &

Ozcan 1999, Gao et al 2009).

ol#| gt B o= A4, M3}, M3, A3t 9 o]&# (surgical clip,

catheter, guiding needle) S©°] Slth. TAE 1L o|FZA Mo &5 A5, =&

2.3.1 &AM (Calculus)
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Figure 2.3-1 Contrast between grayscale (left) and color Doppler images
(right) for urolithiasis: (a) a hyper-echoic stone in one of the upper calyxes of
the kidney with acoustic shadow (arrow in the left panel), (b) a hyper-echoic
renal stone without obvious posterior shadowing (arrow in the left panel), (c)
a residual tiny stones after extracorporeal shock-wave lithotripsy (ESWL)
which is difficult to be detected on the grayscale sonogram (left) but is easy
to be identified by the presence of TA (right) on the color Doppler image (by
courtesy of Tsao et al (2009)).
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composition) I = #A7F Attt Kim et al (2010)2 ©d A4l A$ 2692
gzto Al 267029 cholesterol A4, 1270 brown pigment A4, 181

14702] black pigment AA T & 52718 AA FoA ZHAEHE ZAA o]

WAL L% (radial =2 radial concentric internal architectures) @l % TA
wkayo] & 2549k black pigment 22191 ¢ TA Aol A& A& Fzit
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QR ANS e AY T
(Lu et al 2013). o] dA2 A AT Az AFEEH= F4 39

& AAE+= 7]E A (cavitation bubble) ¥ THEET. FZA ko] 9

o

MO AA FwoA =& Aol ZAekxl FolA #& 7| 5o A 4
A7 wtell T35 FAFstH TAZF fA4 ##EHEY (Lu et al 2013). 24
AN 7| @A TAE 23 F Qv 7Mest 7jdew F

Ae TAZL A A AMES AEss B BAHE AN 29E

i

2.3.2 M3|3} (Calcification)

TAE A33t9 # &9 (calcified pancreatitis) = 2l thsl=d TA7F #5838}
(Tsao et al 2009). 19 2.3—2a+ A& (parenchyma) o737} A& 11 o=

(heterogeneous, hyperechoic) & 7} #&9] Fwhd 253 IS HoFoh

23



€) (b) (©

Figure 2.3-2 Ultrasonic and CT images for pancreatic parenchyma: (a)
abdominal grayscale sonogram which reveals multiple tiny intraparenchymal
hyperechoic foci with small posterior reverberations (arrows) and superior
mesenteric artery (arrow-head,), (b) color Doppler image revealed obvious TA
behind each hyperechoic focus (arrows), and (c) non-enhanced abdominal CT
image which shows multiple parenchymal punctate calcifications (arrows)

within the atrophic pancreas (by courtesy of Tsao et al (2009)).
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% 2.3-2a°A s, FWoR o #a gt YEsRkAbE FRbsh
AA e 1 o FZA foci & AASY, ¥ 2.3-2a°A I E =
el = AR o] AEET o), HIFE @ Yl o8 (1¥

2.3—2¢c 32aE), 9FA #HA (atrophic pancreas) A& o thdAe] Ho=g

F}.L

Hole= A3zt Ldow k. = A 9 AAAF (pancreatic fluid

collection), 7H3d&=<% (pseudocyst)S FHHelE= vHY #HAFoz AdyE=

ot AF AA el Az Fuw Wy AR Age] TAY BE

AL HolFE A gol

TAE 3P A3]stellA B8 4 vk (Yanik et al 2005). 1% 2.3-3% 7FellA
HAaE T FFE A F4AY (mucinous colon adenocarcinoma) ol A]
Aold Zlow gdehx] 9L lemeold 3em AEC] Ed st 1 o349
kg 3 olm Al fociE  EEetE. Non—contrast

=
AFEHAGSHEGANA dF7F 942 W (hypervascular lesions) 3+ UE

A3skE ke ugAd Tl e ABE Ay BEE Gl A3 sl



Figure 2.3-3 Ultrasonic and CT images for hepatic calcifications: (a) abdominal

grayscale sonogram which reveals liver heterogenous hyperechoic masses
containing multiple echogenic foci (arrows), (b) color Doppler image revealed
TA, and (c) non-enhanced abdominal CT image of the liver reveals an ill-defined

solid mass (arrow) containing calcifications (by Yanik et al (2005)).

26



ZAAME, halo7} ¢l 13 FUdoz YHE AAd dF (vascularity) 7} Holi

=
1)

lymphadeonopathy & &4t} o]gfst A= TAZE @A 4= it

(Brunese et al 2008). 53] 54 144 (papillary thyroid carcinoma) <!

mlo
£
il
ol
ol
ol
=
&3
>~
Rl
ol
ol
N
=)
i
=2
3
>
i
o
i3
ol
ol
rr

749 psammoma body+ %
Q]lo] #th olHg AMIS TAZE A A= AHAbeks 2avke BE

AARA, oPd olRZ ks Aw AR #8495 9eS AAba

TAE §5A AAAeea ot EB=A4d  (malignant lymph nodes)<

(&l
iy,
i)
1o,
Sl
o2
Ry
o
o
12
r o
=2
R
i
ot
;1%
ol
ofN
oX,

AALE AlAE Ay, TAE ¥

FHl, Fx dve] dF dHE $d 9 Add Aol ees dEIT

TAE Z53 B-REZo vla]l F@o ulA A3 ¥wel Axlel fa st
(Tsujimoto 2014). B=RZ=A wjg- =& Atgt A AA 27| o 27

SEHA, 2" 2.3-40Mek Fo] FHrelMe] vAl HE3E B-RER

F 0om (19 2.3—4b), B-ETofA uAl A3 stE #@st7] ofHE o

27



(a) (b)

Figure 2.3-4 Ultrasonic images for Breast microcalcifications: (a) breast
grayscale sonogram, but the target lesion could not be detected on B-mode

image, (b) color Doppler image appeared TA (arrow) (by Tsujimoto (2014)).
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Figure 2.3-5 Ultrasonic images on a renal medullary nephrocalcinosis: grayscale
image (left), and color Doppler image (right) which show TAs from multiple
areas within renal pyramids, simplifying diagnosis of medullary nephrocalcinosis
(by courtesy of Tchelepi & Ralls (2009)).
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Figure 2.3-6 Gray scale (left) and color Doppler (right) ultrasonic images

obtained from a thyroidodule (by courtesy of Tchelepi & Ralls (2009)).
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A3|stoll 4 TAZE e th Qbgrol A gk WhARAl 3o Hol= Ao AA
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g4z Gl 19% FER HFAL Tsao et al (2009)& WYL o] §a
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Figure 2.3-7 Improved identification of the needle tip in a conventional gray
scale ultrasonic image (left) guided puncture using TA which was produced on

the color Doppler image (right) (by courtesy of Tsao et al 2009).
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2009, Lee et al 2001, Wang et al 2011). I o|ZA e o= A4, A3]3}
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TA: dWtd oz 31 o7 wfjdoA WM (Tsao et al 2009, Lee et al
2001, Wang et al 2011), W&l Ss+4 EAJo kS W=t} (Rahmouni et

al 1996, Kim et al 2010, Chelfouh et al 1998). mj& 2] &38kst# EA]

flo

e

b

, A A, AR Sl e #-e-d
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2.3.1°14 dmatalzel, TAv= AA9 Ao ddFs weth A3 AF-eolA
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AX o= g ZAE AL, calcium oxalate monohydrate ¥ uric acid AAl&
50%7 %, black pigment AA A= Ao AR 9k=t} (Alan & Oxcan
2011, Kim et al 2010, Chelfouh et al 1998). A 3|38} 242 =5 1}k9] Albgto] <
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et al 2009), X33}
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EHEEE o
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2 TG T @A (Brunese et
al 2008), F4E% (Tsujimoto 2014). TAT AlZF Wislo] &) wjdo] HAJH
oy HA=E, odE =o, A&% ANt (plaque), @3 £9A  (biliary
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I E (graft) solA % TAZF @HASH (Kim et al 2010, Mo et al 2006,
Tahmasebpou et al 2005, Girish et al 2011, Tchelepi & Ralls 2009, Trillaud

et al 2001, Gorgunet et al 2003).
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gk WEA QAER o]FoXith. AA ] Hofo] WAME FX (radial E
radial concentric internal architectures)?l 7A-$ TA 2Ao] A 3s}a,
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Sle= Aow AAHF T 9t (Kim et al 2010, Chelfouh et al 1998). A Al of A

r 2|
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,_]

As AN xHe] AFAVI7F S7vekH A A S7FSTE (Tsao et al
2009, Wang et al 2011, Choi et al 2014). A4 2] 2o wjrne] Y UF5F7}
WAL el A-¢- == A Eo] calcium oxalate?! 7A-$ol+= TAZF A3t (Kim
et al 2010, Alan et al 2011). TA¥ 10mm oA A4 2 X 3|34 oA
ftt (Liu et al 2013). FH AFellA= 5mm o|Ule] ofF & o= A4

(Alan et al 2011, Kim et al 2010), A2 F43 A& T Folsde 79
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A A4 (Luetal 2013)ol-% TAZF @21 9t}

HT TA7ZY % & Adke dist &8 7bside] Hud vk gt (Tsujimoto
2014). ¥4 FF 2 7] oA LS B vAA 3 EE Ehksttt (Moon
et al 2000, Nagashima et al 2005). v A 4335 A& Sgstxorg 2
7] (< 10mm) o] Ab&tA| 2 7+t o= 9t} (Yang et al 1997, Tsujimoto et al

2014). ol#fst AbgkAe] SFeHAQl EALS AbsdA| o] AR, A7 (FE), SAF

ob#l ®arel wh gtk AwkAo® QA A uelA A3|std A AR

TA WA EAo] tfst nzo] edHth. A3ste FZ oA AlekA= ¢
t}okst HEE Holx= How #E 2o} (Podsiadly—Marczykowska et
al 2009), 2717} AA 7] W st or FF FPor Fsitt (Liu

et al 2013, Huang et al 2010).
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233} 9} GAFSE A F 7S (speckle noise) &2 EHET (Huang et al 2010,

Taki et al 2012).
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Holx= Ao7 AddHA Yo (Guntur et al 2013), ©o]= 7|5 oz AFEI}

m>~
no"
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Figure 3.2-1 Test target phantom. (a) the constructed TMM phantom with the
scatterer concentration of 0, 0.001, 0.002, and 0.004% (w/v), (b) different mean
size of 34, 99, 194 and 287 um for glass beads of the same concentration
(0.002%) in phantom, and (c) different mean size of 34, 99, 194 and 287 um

per same number of glass bead in phantom.
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Figure 3.2-2 Experimental setup: The test phantom was placed on a
Vibration free supporter (RFB, NTR Systems, USA), for which ultrasonic color

Doppler images were acquired using a clinical ultrasonic scanner (Voluson

e, GE healthcare, UK) with a linear probe (RS 12L, 3-12MHz).
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Figure 3.3-1 Color Doppler images obtained with the polyacrylamide
hydrogels containing glass beads with the diameters of 40 ~ 80 «n for the
concentration (w/v) of (a) 0%, (b) 0.001%, (c) 0.002%, and (d) 0.004 % and
(e) rCPN against concentration (with measurements of 3 times repeating).

Doppler setting: Frequency low, Gain 0, WMF low, PRF 0.1kHz.
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Figure 3.3-2 Ultrasonic B-mode images (left) and Color Doppler images (right)
obtained with the 50ml polyacrylamide hydrogels containing glass beads
(0.002%) with different mean diameter (a) 34, (b) 99, (c) 194, (d) 287 um, and (e)
rCPN against size (with measurements of 3 times repeating). Doppler setting:
Frequency low, Gain 0, WMF low, PRF 0.1kHz.
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Figure 3.3-3 Ultrasonic B-mode images (left) and color Doppler images (right)
obtained with the 100ml polyacrylamide hydrogels containing glass beads
(n=1564) with different mean diameter of (a) 34, (b) 99, (c) 194, (d) 287 um, and
(e) rCPN against the mean diameter of glass (with measurements of 3 times

repeating). Doppler setting: Frequency low, Gain 0, WMF low, PRF 0.1kHz.
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Figure 3.4-1 Ultrasonic B-mode images (left) and Color Doppler images

(right) obtained with the polyacrylamide hydrogels containing glass beads
(0.002%) with different mean diameter (a) 34, (b) 99, (c) 194, (d) 287 um,

and (e) rCPN against size (with measurements of 3 times repeating).

Doppler setting: Frequency low, Gain 0, WMF low, PRF 0.1kHz.
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Figure 3.4-2 LCS target phantom (551, ATS Lab., USA, top), and ultrasonic
color Doppler (TA) images of the LCS targets: (a) +15dB, (b) +6dB, (c)
+3dB, (d) -3dB, (e) -6dB, (f) -15dB, and (g) rCPN against target contrast
(for 10 repeated measurements). Doppler setting: Frequency low, Gain 0,
WMF low, PRF 0.1kHz.

55



= 7lge

o|
K
ol
o3

Q)

ol
HH

AFREA]

ol A

1oH

<

gl

ol

o] 30, 100, 200, 300, 500um Q1 HA}

47

3.4-3g&, Ao AA

]
=

o ¥ 3.4-3f

2 nolz

Biged)

9 (

&

il

)

7}Z  (lateral)

AL A9 A Aol AL5F el

AARTG AA S

(A7) =

W

of

o gEst AdHow o A

ki3
s}

Ll

=
-

j—

549 dolz, #HAb A A717F 300 el

5 s,

s

CigEe

At

[e)
T

1718k A

o FAHR, 500 m A5 AA

]

o

3 AT =

vo/]

ol

H
NF

& 9. 29

el

56



(a) (b) () (d) (e)
450 1600
400 % i
% 1400 E
350
E . 1200 i
4
gm B ateral length 2 10004
= ® axial length o
o 200 [3) ﬁ
5 800
g L]
& 150
£ 600-
100
50 . s § . ¢ 400+ '
T T T T T T S S E Y E Y BN
100 200 300 400 500 0 100 200 300 400 500

wire diameter(um) wire filament diameter(um)

(f) (e)]

Figure 3.4-3 Ultrasonic B-mode (upper) & color Doppler images (lower) for the
metalic wires with diameters of (a) 30, (b) 100, (c) 200, (d) 300, and (e) 500 pum.
The wires are made of copper for (a) and (b), alloy of copper and zinc for (c) and
(e), and alloy of copper and nickel for (d), (f) the axial and later length of the
wire imaged on the B-mode images against the wire diameters, and (g) the CPN
of the color Doppler images against the wire diameters (Mean and standard
deviation were obtained from 3 repeated recordings. Doppler setting: Gain -5,
WMF low, PRF 0.1kHz).
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12L-RSISM P M 1.2
3.5cm | 7THz Tis 0.2 04/23/2014

Figure 4.2-1 An example of the color Doppler image for the three (+15,
+6, +3 dB) circular contrast targets is shown inside the green rectangle.
Two scale bars are shown inside the thick blue line rectangle: the right
represents the color scale bar and the left is the gray scale bar to set
the level of color write priority. Values of some color Doppler setting

parameters are given inside the red ellipsoid.

63



43 Zaj =8 QyHs

48 =&Y BEEolM AREATE Aol 5 9le A4 W= PRE (pulse
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WMF (Wall Motion Filter), CWP (Color Write Priority), persistence, 3 &3}
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Table 4.3-1 Color Doppler setting parameters used in various clinical ultrasonic
imaging systems. The manufacture’s name are presented as abbreviated forms.
(SA9900 PRIME manual, EnVisor series user's guide, Siemens Acuson X300,
LOGIQ 5 user manual, Voluson e, Aloka Prosound, Maulik 2005, Ultrasound
training solutions 2014, Kisslo & Adams 2014, Boote 2003).

Setting  company Voluson e
parameter (GE)

velocity PRF scale or velocity range scale
scale or velocity scale
frequency
scale
frequency frequency frequency  frequency frequency frequency frequency
ensemble packet packet packet size ensemble frame ensemble number
correlation (length, size),
color sensitivity,
color quality
gain gain gain gain gain gain
WMF filter filter wall filter PRF (Wall filter) WMF filter high-Pass filter,
(Wall motion (Wall motion cutoff frequency
filter) reduction)
color write Balance Tissue (color) (color) threshold  balance priority level echo write priority,
priority priority (color) priority
persistence frame persist persistence frame average frame (flow) Average temporal filtering,
averaging average temporal averaging,
(FA) smoothing
smoothing smooth smoothing time resolution smooth smoothing
line density density density line density line density line density scan line density,
ROI ROI box ROI scan area ROI scan area ROI box,
(Region of color box (window),
Interest) overlay

Others: power output, focus, depth, compression, reject and etc.
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Figure 4.3-1 Transmitted ultrasonic pulses recorded by a hydrophone at the
Ensemble values set to (a) 7, (b) 8, (c) 10, (d) 11 (PRF = 0.15 kHz).
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Figure 4.4-1 Experimental setup, consisting of an ultrasonic scanning system
(Voluson e, GE, Austria), a linear ultrasonic probe (RS 12L, 3-12MHz), and a
circular contrast target phantom (551, ATS Lab., USA) placed on a vibration
free frame (NTR, Seattle, USA).
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Figure 4.5-1 Typical color Doppler images for the six (+15, +6, +3, -3, -6, -15
dB) circular contrast targets obtained under the following color Doppler
settings: CWP 225, Gain 2, PRF 0.1kHz, WMF low, frequency low, Ensemble 7,
smoothing 12, and line density 7.
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Figure 4.5-2 Influence of PRF on TA: typical color Doppler images obtained for
the positive +15, +6, and +3dB contrast targets at the PRF of (a) 0.1, (b) 0.3,
(c) 0.6, (d) 0.9, (e) 1.3, () 1.8, (g) 2.4, (h) 3.2 (i) 4.0, (j) 5.0, (k) 6.0, (I) 7.5, (m) 9.0,
(n) 11.0, (o) 13.0 kHz. (CWP 225, gain 2, WMF low, frequency low, ensemble 7,
smoothingl2, line density 7).
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Figure 4.5-3 Transmitting ultrasonic waveforms from ultrasonic probe
recorded using a hydrophone when frequency was set to (a) low, (b) mid,
and (c) high and their spectra (d) low, (e) mid, and (f) high.
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(©

Figure 4.5-4 Influence of Frequency on TA: typical color Doppler images
obtained for the positive +15, +6, and +3dB contrast targets at the frequency
set to (a) low, (b) mid, (c) high. (CWP 225, gain 2, PRF 0.1 kHz, WMF low,

frequency low, ensemble 7, smoothing 12, and line density 7).
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Figure 4.5-5 Influence of WMF and PRF on the color scale bars (Voluson e,
GE Healthcare, UK). (a) Color bar scales at three different settings of WMF
(low, mid, high) under the same setting in PRF and (b) the dead zone width
against PRF at the three different settings of WMF.
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(b)

Figure 4.5-6 Influence of WMF on TA: Color Doppler images obtained for the
positive +15, +6, and +3dB contrast targets at the WMF setting of (a) low,
(b) mid, and (c) high. (PRF 0.1 kHz, gain 2, frequency low, ensemble 7,
smoothing 12, and line density 7).
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(b)

(d

(e)

V)

(e)]

Figure 4.5-7 Influence of Ensemble on TA: Color Doppler images
obtained for the positive +15, +6, and +3dB contrast targets with the
ensemble number of (a) 07 (b) 08 (c) 09, (d) 10, (e) 11, (f) 12, and (g) 13.
(CWP 225, Gain 2, PRF 0.1kHz, WMF low, frequency low, smoothing 12,
and line density 7).
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Figure 4.5-8 Influence of Line density on TA: color Doppler images obtained
for the positive +15, +6, and +3dB contrast targets at the line density of
7, 4, and 1. (CWP 225, Gain 2, PRF 0.1kHz, WMF low, frequency low,

Ensemble 7, smoothing 12).
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Figure 4.5-9 Influence of smoothing on TA: color Doppler images obtained
for the positive +15, +6, and +3dB contrast targets at the setting of
smoothing 12, 6, and 1. (CWP 225, Gain 2, PRF 0.1kHz, WMF low, frequency

low, Ensemble 7, and line density 7).
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(0)

Figure 4.5-10 Influence of Gain on TA: color Doppler images obtained for
the positive +15, +6, and +3dB contrast targets at the Gain setting of (a) -
15, (b) -12, () -9, (d) -6, () -3, () -1, (@) O, (h) 1, () 2, ()) 3, (k) 4, () 5, (m)
6, (n) 9, (0) 12, and (p) 15. (CWP 225, PRF 0.1kHz, WMF low, frequency low,

Ensemble 7, smoothing 12, and line density 7).
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Figure 4.5-11 Influence of CWP on TA: color Doppler images obtained for the
positive +15, +6, and +3dB contrast targets at the CWP level of (a) 25, (b) 70,
(c) 100, (d) 120, (e) 140, (f) 160, (g) 170, (h) 175, (i) 180, (j) 200, (k) 215, and (1)
225. (Gain 2, PRF 0.1kHz, WMF low, frequency low, Ensemble 7, smoothing 12,
and line density 7).
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Figure 4.6-1 Influence of gain on TA: color Doppler images obtained for the
negative -3, -6, and -15dB contrast targets at the gain (a) -15, (b) -6, (¢) -1, (d)
1,(e) 2 (f)3,(9) 4 (h)y44, ()5, ()6, (k) 7, ()8 (m)9, (n) 10, (0) 13, and (p) 15.
(CWP 25, Gain 4, PRF 0.1kHz, WMF low, frequency low, Ensemble 7, smoothing
12, and line density 7).
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Figure 4.6-2 Influence of gain on TA: color Doppler images obtained for the
negative -3, -6, and -15dB contrast targets at the gain (a) O, (b) 1, (c) 2, (d)
24, (e) 3, (f) 4, (g) 44, (h) 5, (i) 6, (j) 7, (k) 10, and (I) 15. (CWP 225, Gain 4,
PRF 0.1kHz, WMF low, frequency low, Ensemble 7, smoothing 12, and line
density 7).
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(b)

o (C)

Figure 4.6-3 Influence of CWP on TA: (a) B-mode image and color Doppler
images obtained for the negative -3, -6, and -15dB contrast targets at the
CWP level of (b) 25, (c) 35, (d) 45, (e) 50, and (f) 225. (Gain 4, PRF 0.1kHz, WMF

low, frequency low, Ensemble 7, smoothing 12, and line density 7).
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(a) Ensemble (b) (c)

Figure 4.6-4 Influence of Ensemble and WMF on TA: color Doppler images
obtained for the negative +15, +6, and +3dB contrast targets at the WMF (a)
low, (b) mid, and (c) high against Ensemble (7-13). (CWP 225, Gain 2, PRF
0.1kHz, WMF low, frequency low, Ensemble 7, smoothing 12, and line density
7).
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Figure 4.6-5 Ultrasonic waveforms measured for 100ms at the value of PRF
(a) 0.1kHz, (b) 0.3kHz, (c) 0.6kHz, and (d) 1.3kHz.
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Figure 4.6-6 Illustration of the ultrasonic probe located above the static
circular contrast target with the 3 angles of -31° (left), (b) 0° (middle), and
() +29° (right), together with the rCPN of the target against the angle

(measurements repeated 10 times).
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0 mm/s? 0.9 1.8 3.6 45 7.2

OHz 30 60 90 120 135
(b)

Figure 5.1-1 TAs appear on the +15 dB circular contrast target under external
vibrations: (a) as the vibration magnitude increases up to 7.2 mm/s? (at the
frequency of 60 Hz), and (b) as the frequency increases from 0 to 135 Hz (at

the constant vibration magnitude of 4.5 mm/s?).
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a9 5.2-18 A AHe] gF fexoeltt dd9 tixkE +15, +6, +3dB
EMS xeehs o o3 fGAF WYl (LCS, Model 551 Small Parts Phantom,

ATS Lab. Inc., USA)ol 7IAA F24E& 7istdA elle] dist de =259

(optical breadboard) $loll 1AsIY, BFA= s A7 fal 127840

(vibration free supporter, NTR, Seattle, USA)ol| gt} 33t 2 X]gjo
1 & (AA 60mm, 20.182)& At HeRAlZle WRoE B it
7AA A4S 7teke® dth (Choi et al 2014). 574 7IEEE 3 &9
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Figure 5.2-1 Experimental setup. Color Doppler images for circular scattering

contrast targets (551, ATS Lab., USA) were obtained using a clinical ultrasonic
scanner (Voluson e, GE, UK) with a linear probe (RS 12L, 3-12MHz, GE, UK).
The targets were mechanically impacted by a rubber ball (d=60mm, 20.18g)
which fell free to impinge on the optical breadboard on which the target
phantom was placed. The rubber ball rebound was taken to hold for
preventing it from further impinging. The extent of vibration was monitored
with an accelerometer (3109 front-end, B & K, Denmark) mounted on the
rigid frame of the target phantom. The degree of the impact was controlled
by altering the height of the ball. The ultrasonic probe was fixed to vibration
free supporter (NTR, USA). Arrows indicate the drop location which is

controlled impact acceleration.
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Figure 5.2-2 Mechanical impacts recorded in the time domain (upper panels)

and in the frequency domain (lower panels), (a) peak acceleration 0.37, (b)

1.27, and (c) 2.19 m/sz, the 3 settings for mechanical impacts considered in
the study.
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Figure 5.2-3 A typical color Doppler image obtained for the 3 circular
contrast targets (+15dB, +6dB, +3dB) of the ultrasonic QA phantom:
The red dotted circle represents the boundary of the +15 dB target
within which CPN is counted.
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impulse

128 135 142 15 157 164 171 178 185 192 20

Figure 5.3-1 Temporal variations of TA images obtained for the +6dB

contrast target excited by the mechanical impulse with a peak

acceleration of (a) 0.37, (b) 1.27, and (c) 2.19 m/sz.
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(@)

time 114 121 1.28 135 142 15 1.57 1.64 171 178 1.85 192 2.0
impulse

(b)

fime 114 121 128 135 142 15 157 164 171 178 1.85 192 20

(9

time 114 121 1.28 135 142 15 1.57 1.64 171 178 1.85 1.92 20
Figure 5.3-2 Temporal variations of TA images obtained for the 3 different

contrast targets excited by the mechanical impulse with a peak acceleration of

1.27m/s2 : (@) +15, (b) +6, and (c) +3dB contrast target.
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Figure 5.3-3 rCPN(t) for the TA images obtained for the contrast (a) +15, (b)
+6, and (c) +3dB target excited by the mechanical impacts with the peak

acceleration of 0.37, 1.27 and 2.19 m/sz. Arrows indicated a point of impulse.
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Figure 5.3-4 Maximum rCPN values of the TA images for the contrast

+15, +6, and +3dB targets against the mechanical impacts whose peak

magnitudes varied from 0, 0.37, 1.27 to 2.19 m/sz.
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Figure 5.3-5 A typical color Doppler image obtained for the 3 circular contrast
targets (+15dB, +6dB, +3dB): The red dotted circle represents the boundary of
the +15 dB target, and the green dotted circle was drawn so that the annular
area between the green and the red dotted circles was the same as that of the

target.
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Figure 5.3-6 rCPN.t(t) and rCPN.b(t) for the (a) +15, (b) +6, and (c) +3dB

contrast targets excited by the mechanical impacts whose peak magnitudes

varied from 0, 0.37, 1.27 to 2.19 m/sz. The moment of the mechanical impact

was marked by the arrow to the horizontal axis.
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Figure 5.3-7 TA contrast for the (a) +15, (b) +6, and (c) +3dB contrast targets

excited by the mechanical impacts whose peak magnitudes varied from 0, 0.37,

1.27 to 2.19 m/s".
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Figure 5.3-8 The maximum TA contrast versus the echogenic +3, +6, +15dB

contrast targets, for the peak mechanical impacts of 0.37, 1.27, and 2.19m/52.
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Figure 5.4-1 The procedure for constructing a ‘contrast enhanced TA'. (a) flow
chart, (b) time sequence of TA images, (c) binary image corresponding to each
TA image, (d) occurrence probability of color pixel number (opColor), and (e)

‘contrast enhanced TA image’.
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Figure 5.4-2 The contrast enhanced TA images constructed for the 3 (+15dB,
+6dB, and +3dB) echogenic contrast targets excited by the mechanical

+6dB

+3dB

impacts with the peak accelerations of 0.37, 1.27, and 2.19 m/sz. The green
color intensity indicates the normalized TA occurrence rate. The SNR (signal

to noise ratio) was increased with the contrast level of targets.
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Figure 5.4-3 (a) A photo of ultrasonic scanning to the patient, (b) mechanical

impact signal applied to an ultrasonic probe, and (c) color Doppler images with
time (time interval = 0.1 sec, total time = 1.5 sec): TA does not appear initially
but starts to be shown on the site of the renal stone after the mechanical
impact.
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