AR+ B2 5 S

EEMRER KREPE

B2

20054 12



HEHAK £ B &

o] mXe L& MHEEBEM wYo= RHET

20054 12

S TEB LB

e
)
o

EYVIN =
AUESH

FHLERE

Fp
% = £l
% = El

EEMRER REPE

20054 12



Evaluation of B-mode Ultrasonic images

depending on probe performance.

Gwan-Suk Kang
(Supervised by Professor Min-Joo Choi)

A thesis submitted in partial fulfillment of the requirements
for the degree of Master of Science

2005. 12.

Interdisciplinary Postgraduate Program
in Biomedical Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



Ji0
bl

=%t - i
ABSTRACT ————————————————————————————————————————————————— iii
. Ne - 1
1.1 2 g 1
111 =S QA 1
11,2 QA O BRA ————mmmmmm 1
1.1.83 IO QAR ———— oo 2

1.2 4 S| mmtmm 6
183 R BE —mm 6
1.4 A7 PR ———m oo 8
nLezus 8y —"——-—— 9
21 2SI Y4 FHSY JE H2| ——————m— o 9
210 PYAE o 9
22 FSW HEE — oo 10
221 ZSI R8O JEX ————mm— oo 10
2202 HEB BE ——— o 16
223 ZSM TRBQ| 2| ————————————m—mm e 17

23 B-2C YMO H BI} ————mm oo 21
2.3.1 It ¥ (Parameters) ——————————————————————————————- 21
2.3.2 USQA = Ver 7.4 ————mmmmm oo 33

2.4 B YAI| —mmmmm 36



251 B BRE ——mmmm 50
2.5.2 222 Switching Device —————————————————————————————— 54
253 HE ZSI A8 BE —————m 54

M, RO — oo 61
3.1 Axial Resolution (AR) ———————————————————————————————————— 61
3.2 Lateral Resolution (LR) —————————————————————————————————— 65
3.3 Low Contrast Penetration (LCP) ———————————————————————————— 68
3.4 High Contrast Penetration (HCP) ——————————————————————————— 73
3.5 Low Contrast Sensitivity (LCS) ————————————————————————————- 73
3.6 High Contrast Sensitivity (HCS) ———————————————————————————— 81
IV. E2| & Il e e e pr s e e e — ——————— = 89
41 280 22 W) 88 MH ~~FrommTomnmm————————————- 89
4.2 ©HE ATl = 2 Pixel Valuell M2Hd - 90
4.3 LCSOIl THBE AT ————mm oo 98
4.4 Radon Transform= 0l&¢gt LCS &It K2t —————mmmmmmmmm—— 98
v. 28 108

K
0
rar

112




ABSTRACT

Ultrasound quality assurance (QA) enables users to assure that the
ultrasonic scanner is operating correctly and producing the required
image quality for medial diagnosis. Existing ultrasound QA is mostly
based on technically complicated time consuming tests of QA phantom
images, and there is no unified ultrasound QA protocol available, yet.

Ultrasonic probe is one of key components, perhaps, most critical
part which influences the quality of the images. Unlike other
components, this is a consumable part which has aging effects like
depolarization in piezoelectric elements. A survey shows that the probe
related problems are the most frequently identified deficiencies in clinical
ultrasonic Scanners (AAPM 2003).! For those reasons, a probe based QA
would be challenging in the future and, to the author's best knowledge,
it hasn't yet been reported.

This study considers states of ultrasonic probes in relation to the
B-mode image degradation. The ultrasonic B-mode image was obtained
on a multipurpose QA Phantom (Model 539, ATS Laboratories, USA)
using a clinical ultrasonic scanner (SONOACE 8000 MEDISON Co.,LTD,
Seoul, Korea). The probe chosen for the study was a 5 MHz linear array
type with 128 piezoelectric elements (L4-7EH, MEDISON Co.,LTD, Seoul,
Korea). The performance states (or defects) of the probe were controlled
in a way which certain numbers (N) of the central piezoelectric elements
were electrically disconnected. In the experimental tests, the value of N
was raised up to 16 by 2 from zero which is the case without any

defects in the probe. Objective evaluation of the B—-mode image was



performed on the 6 parameters including the axial and the lateral
resolution, the high and the low contrast penetration (HCP, LCP) and the
high and the low contrast sensitivity (HCS, LCS), using a software USQA
(ver 7.4) developed by (Gibson et al, 2001).

In this experiment, regarding the number of experiments performed
with respect to 3 experimented cases, 6 parameters, total 1,253 images
were examined.

It was shown that the probe defects did not significantly effect
changes in axial resolution, but did slightly decrease in lateral resolution.
While the HCP depth reached below the bottom of the B-Mode images
regardless of N, the number of the elements electrically disconnected,
the LCP depth decreased with N. In the LCS test, the ratio of the
average pixel value of each contrast target to that of the background
were getting smaller when increasing the value of N. There was no
noticeable trend found in HCS with regards to the value of N.

The study indicated some problems in the resolution and LCS test by
the USQA (ver 7.4) and discussed some improvements, in particular, in
LCS. It is expected the study will motivate further studies leading to the

ultrasonic QA based on ultrasonic probes.
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American Association of Physicists in Medicine(AAPM)
Ultrasound Task Group No.1

"Real-time B—mode ultrasound quality control test procedures”
By MM Goodsitt et al

Medical Physics. 25(8):1385-406, 1998 Aug.

American Institute of Ultrasound in Medicine(AIUM)



Table 1.1-1 |dentified deficiencies in ultrasonic Scanners (95'-98') (AAPM 2003)

Image quality 26.5%

Probe Problems

—cracks

—Air intrusion
—Connector malfunction 20.5%
-Scan line orientation
-No image

—Cut in the cable

Image Display and Hard Copy

—Gray—scale adjustment
—Printer non—-operational
—Raster line appearance 17.9%
—-Frame cut-off
—Geometric distortion
—flickering display

Image Uniformity 11.1%

Physical & Visual Inspection

—Buttons not it
—Sticky tracking ball 6.9%
—Malfunction in toggle switch
—Loose parts

—Dusty
Penetration 6.8%
Software

7.7%
—Presets
Doppler related 2.6%




Table 1.1-2 Review of a QA program in a period of 7 years (Zheng, 2003),
Group | (28 units with age of 5 years or less) 101 reports with 67

deficiencies.
Image uniformity test 30%
Mechanical checks 27%
Image display soft/hard copy quality 21%
Poor spatial and contrast resolution 9%
Doppler QC tests(sensitivity, color congruency) 6%
Software problem 4%
Maximum depth of visualization reduction 3%

Table 1.1-3 Review of a QA program in a period of 7 years (Zheng, 2003),
Group Il (10 units with age of over 5 years) 28 reports with 67

deficiencies
Poor spatial and contrast resolution 31%
Mechanical checks 25%
Maximum depth of visualization reduction 18%
Image display soft/hard copy quality 15%
Software problem 6%
Image uniformity test 3%
Doppler QC tests(sensitivity, color congruency) 2%




"Quality Assurance Manual for Gray Scale Ultrasound Scanners(Stage 2)"
edited by E. Madsen
AlUM, Laurel, MD, 1995

The Institute of Physical Sciences in Medicine(IPSM)
Report No.71

"Routine Quality Assurance of Ultrasound Imaging Systems"
edited by R. Price

York : IPSM, 1995

The Institute of Physical Sciences in Medicine(IPSM)
Report No.70

"Testing of Doppler Ultrasound Equipment"

edited by PR Hoskins, SB Sherriff and JA Evans
York : IPSM, 1994
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8tAHIF (Echo Wave)

Z=SIHA Pulsed signal
Ultrasound transmission

A2 =S S4
Ultrasound image
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Trmm 2mm

g 2.3-1 AJIJF T2 Axial Resolution EF2 H Ak
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[2F, 08 2.3-1(b)~(d)0i= E2ANQ LI 2HAM FZ0] &
Xl , Ol BFAMIE2 M2 USSR JIZH WU RE2ot) &S
O, Ol BFAIMISO0l Z2E9| Axial Resolution2 StAXIEL O JtZlesE XS
°|0Ieth.
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20>
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JIH

Axial Resolution2 EHAZ A0 2ol OHEUWZ AIE= =30 (FIH4
L) A F0f 2o A HES E=Ch O 2.3-20 SAIE BBAQ =
(Pulse Duration: PD)2 E&iAZAMIL OJIE S0l MS0l RANE £2 =
ENA 245 =0 BRst Al2tE el 012 28 AIOI20 22E AIZ2H0
ool =3I FII2% BAAS AOIZ2 =2 Zd 220, 018 =42

PD=Nyx.T (2.3-1)

OJIM Noe= AOI2Q Ji#=011, T e FII0ICH puseel F=I| Te

MHz ©eI2 HE8 D= =02 A=:0|0Ch Metd BAEE2 £ S 20l
EfLte = UL
N
PD=——¢ _
FOMI) us (2.3-2)

HIIA f= MHz ©22 =Lt==0ICt. 0E =0, N It 3AI0I=20]1, 2hey
FIH4=0F 3MHzetH ZEA 20ls 1usOlCh £, =4It 7.5MHz2tH 3AH0]

2 ZA0 Oigt EAF2 0.4ps0ICh ZEHECZ NFML+S NFI=
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FA2 Fo=0A B2 BA
SAZ2ZM 2H &=dl, O
2 TAMO MOIZ2 = NoE HA 2tE0== 0L EA 20l= =
Ot==0fl BHEleG)|l 20 =s0 Fo2 Site 24 20lE B StCh
Ol ®4&2 Axial Resolutions &4 Al2ICH.

Zl &t 9| Axial Resolution2 &2 202 EAZ 2H&AC Dl fel= &
et BA ZO0IJF OIS Flt== UEZ=0l O S0HAU= AIAS 25l €1
UCt. DHAE=Z Pulse Durationdt Axial Resolution Jdelld It A= At
Ol2l 2HE 2 23-11 20l R4 = = JUALCH

8t & HE JH0AM Axial Resolution2 Z&UHA ZelE =XHZ &
Aol REEUHE = A= Filament targetsS &2 JHNHOI0 XIS FIHe
ol AEEC2ZM ZEE0 Axial Resolution2 2 &tgt HOHS WA &
o HA HAN H0/o HA BHAL &ZEOl = 88 Profile@ FWHM (the Full
Width at Half Maximum, -6dB, & 2.3-3) £&= FWTM(the Full Width at

Tenth Maximum, -20dB)2 2 E& & £ QUC}.

(2) Lateral Resolution (LR)

Axial Resolution0]l =2t & = &l fXIst FHE &S BIAINIE +

%

=20|c2tH Lateral Resolution2 =S & =0 =& &40z X

rr

ot

5= JHol DFE LAMES PEM Us S0l g & UCH

= FELX 2=0 Lateral Resolution2 20|, ERHAZS NS & &4, Scan
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Table

2.3—-1 Pulse Durationdt Axial Resolution

bandwidth AFOIS| 2tH|

el =lb=s

Frequency

. . ) Frequency
Pulse duration Axial Resolution )
bandwidth
Long Poorer Narrow
Short Better Wide
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Axial Resolution
ol PeaK
l FWHM
Halt | L 25% 75%
0o II| Iil > < »
| ' .

ol I# I| gl.‘n Y ki \

"-.fB;"L rjtf'%’g *I—L' Y blk" L N l . v . .
I:IIII a 20 30 a0 =1 =1 fO a0

8 2.3-3 A pixel profile crossing a resolution target image and its FWHM
(Full Width at Half Maximum).

_27_



Imaps

=3 ol

min

st x o
gss2 F=

=3 G&2 Resolutiondl
F4= = Pulse Durationdl

=

Kl

PGS

Il

Resolution® =31t

SICH (b) Lateral Resolution® Beam WidthOll 2o XA

=Lt

_28_

il

0l
1o



i . . 8 O O % R o W RS
M o1 W o W oW T WS W = i $ehmd D
WO B @ H oot g W oy T oy 5 U S 2 S I g 2
o o= < RO K= & o o ROD S 5 2 U
D =< o e _ O o = U = - < o Uk _
T = ~ ol M 2 < o o xm o1 (Y
= = > I S reT) W o °
0o W= 2 S B U S g 28 %R w3 = K= oA
K o @ o3 R R N N B L R
s B | R A L T =T .~ S ™
= Mo 9 + o~ F 2o S wo S =
0O - M Al © S 3 ROR O o 0y - = = § K 5
ST g 8 « oo Mz 5 5 ® T TR TR
352 & - S tcEw Dz AR R B
o~ . _L. (@) ol = 3 ey = . — _ Py
_oa dg ™ Mo s T L Fadn XYy =50
oob o _am_lmmug_zp_u___o_ae_eggmo_a%
= R TR U S O T R T B R P 5 u U
= © i M RO WMo N8 g N X g N oo W 0 =
> ™ o k= o w s 2 KN — & 0 5 o &
R oL s U AW S gl Lzl E gy oy o 0o
W wom oy oz Ol ooy R oo R R w w2 5 5 8 x 2 ow
H ! RIS w = .
H 5 5 o - W o 285 5 e D o+ S zr mw o £
A0 qp R 2 g ™33z grRH_ ¥y, T R
EEET N = o — s S n T ®m =z o 9w W 80
= o l ol c ) — [ :AO < - o L. ) = ~ W)
o 2 o0 M oW .5 E T oz 00X ®T SO gy g
b = 3 <J R 5 R0 O ™M = <y o & _ =[x 5 E
= ou = g O = o = o7 4 O 2 _ -
=T ) m C A_l |_|rJ ..w — 0 =< NM < mv.__b __m 2T .__|_ o) .O..__Lo a [[e} 80 ol -
ol mun % Q0 ~ _Lm c 9o RO~ O = Wt ol M._ = =< MH M._ ol ko < M
D N 5 5 © S 2 m ~ ASANE _ S 8 R oo M2 Uk D W
RO T 5 M KO o . =g 5 Moo 5 0 X0 oF
Mg gn wro_aﬂmjz___le__amls&__wowr;umog
S LEE s SfHW, Fo_=20I_ HagtS¥U
> £ 5 S Ty J <+ S W 4 D o = 5 5 g ® "
" we E o c M o m F 2% 9w oaop Woswooea d
oo ® T8 w%&umnmo:&mma;ol_'mmzﬁ%_x
T x5 " S zwa §2F a8 ™MWy pd
m S5 & % ) R M2 W owm ool & ar 80 o) = oo @ ol

t USUM(Z')B} UDIFF(i)j+ Al

[y

S

| SO, i WindowO CH

O



Ct.
(2.3-4)

o

&t

(2.3-5)

UQDIFF (Z)

oy(i) = %UDIFF(Z)

Bl Speckle2 SD, o4(i) 2 noise oy(i) S H

1
:7\/025UM
[t2tA SpeckleDt Noisell 20l0 [E SDIt SEEC

ULY.

=2 Seven Point Median filter
Fot HDEH =T
I2 90 Kle KBSz ZE

L
20| &€& gt 0I5
TS EC
SNE (i) = Zsl)
UN(Z)
QutdoZ [CP 20/E Adl= SNR()2 Thresholdl gt2 28 ALEsHH
(Gibson et al, 2001)
(4) High Contrast Penetration (HCP)
HCP= zl1 2% L= JHAlI 20/0IM, HiZ Y Contrastdt 2 ERI0I H{e
200K H&5| 20/l=XE =Aol= Uet0IEO0ICH HCP Ml 28 HE Q|
S S8 BIAF HEJL Al2tKl= 220lA 2018 SHECEMN &0l
=2 A0le =3t HE2 Resolution testll AIEEIAE A4 22 =
Al EFNS 0ISStCH Olel 2AE HAO AXNZL2H 2H2H0l Holl A Visibility
HiZ 2l SOOIl CHE HHE e 2 HAS X1 Pixel g2 HIZ XIS
—_ 30 _

0l= Profilee2

1 (@)
A0l A Specklet Noise2l AC power2 Square RootOl HldlIStC
o A7
SNR(H2 s ao=2

CP= Noise H Speckle 32129 Hl (Speckle to Noise Ratio, SNR(i))2l
AL

(o]
o

Profile

|5t1) Seven—point moving average filter
)2

(2.3-6)



‘IISIbllltjr — _max
Obgd (2.3-7)

HCP depth= JIH& 20l A= A2 visibilityt threshold2t 2L 2
| 20|12 OI==ICt 0| Thresholde Z2E9| MEH( Wit EasS Hastst
2 A9l yisibility indexE S Tol)| ot HASIE BHHES AIE6H

EH =L,

|0

= K

(5) Low Contrast Sensitivity (LCS)
LCS 2H2 HHZE ALOIQl visibilityE LIEFH ZA0ICH QA WU = Ctst

012t ZES0l AD Ol0l et =SSl backscatter level= CH2CH. [het
N Ol LHRE J&s & i =2 Z&82 MY Gt=0l LCSe JtE EREt
aictl) & 2 QUCH

LCS= =20l &%X2 backscatter leveldt 2238t HILEICH LCS testE
+25t)| M= St £= 02 JHe Low Contrast & E2I0l RFE

Ct. Index of Contrast= U1 201 2 Low Contrast <0 ol S =&

Ct. S&0A & 52 AKX Jls &0 Uetd A2 BHiHEN UsE F

B0l 2loi A Z2EECH Contrast S0 S40 Y= F F= SAHAM Pixel &
S2 AAEC 0l & 20| BtXIE& Contrast S22 0.72+ 1.35810ICH I+
ctAl Contrast 29| oH&L HHAE S 2= PixelSS ZE &t

Ol & 2 S Pixel =2 B SOIt AL D, OIRNSZ2RH S
o AMOIS SEQl XHOIJF AHlAHEICH #HZAO0l 3.3 SEECH XOIJt 2 HE

Contrast @0t 20| Pixel gt=01 2 XH0[JF UACtLD EHHBt= Threshold

@
=
[Pa
0
N
a
0l0
1]
my

2 ZASEHC. Index of Contrast= ZE# PixelgtQ 28

Ct.
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mean of pixel values on circle

within the contrast region
Index of Contrast = g

mean of pixel values on circle

(2.3-8)

outside contrast region

(6) High Contrast Sensitivity (HCS)
High Contrast Sensitivitye €21 C&& 3J|2 Anechoic Target(Cyst)
ABIO S=0ICH HCS testiA= FA2

A
(=]

12
tu
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Iy
rin
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1o
ro
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ol
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>
>
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o
Q
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?
o
<
5

o
O

]
—
s

Q

@
02

2t EF219] Index of Visibilitye CIS1F 201 HAFEICH OlAAQl EFES EL
A RS2 1.581e 22 2012 AH2E S4& ool MAE0 B2 22 X
Sl & 02t° Pixel&1t Kernell S4&S 022 ot) = 12 ZSHCH &0
SN ZHMMU=E PixelE2 22| Pixell YREo=Z HFSHCH. 2AJIJF £

2= Kernellil tHSot= €2 2 B2 ek WAL Kerneldt Sae &

ZHH =01 HAHEICH 2F B =212 0l Z 13t=01 Index of Visibility2
ol &I CF.
_ 1 1+ R ~
7= 21n[—1_RJ (2.3-9)

R : correlation coefficient

@
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02
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Matched Filteringe white noisedl =Mool &
=0 =EQ BHOICH D2l 0] g &)
ACHConnor 1982, Lathi 1983).
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2.3.2 USQA — Ver 7.4

g 2.3-50 Ol &S0l T AIE USQA (Ultrasound Quality Assurance,

Ver 7.4)= Matlab 6.52} Microsoft AccessE AI26t0 =8I} BR2E=9 4t

2 d=% 6JIX2 B9 AWM HB2Eo=x HIIG= Gibson et al
(2001) Ol JHgst Z2O0ICH 2 HP0A=E BR2E FA9 HE TIboH|
ol USQAE A2t L. USQA (ver 7.4)E AI=206tI)l S8 System

Ir
a
00
3]
my
[l

Requirements &=

— PC running Microsoft Windows 2000 or XP

— Microsoft Access 2000

- Recommended minimum hardware specification
- 2GHz Pentium processor,

- 256MB RAM

USQA (ver 7.4)2 JI&2 test JISsS JH&5tH ChS1 2L

(1) Resolution test

Automated TestES &lsHolH = HREl 220 'Resolution'OICt. Resolution

Test 8t HoZ
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8 2.3-5 Computerized Quality Assurance testing software — USQA Ver 7.4
developed by the Medical Physics Dept., Nottingham City
hospital, N. M. Gibson et al 2001, UK
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- 2% 5l 'Process Image' HES 22 SHCHIOE 2.3-6).

- dao 9% 2 HAES 0124 2E HES 0183101 AREC.
- ZSI P49 Jel EFE NO £ H2 ool AKX Hels YUse

|
]

& B0l UesE B20 25 ZSCH ROIE HASHLE.
— Axial & Lateral Resolution 1t High Contrast PenetrationOl HAt=ICHIOE

2.3-8).

(2) LCP test

- Automated Test2| Penetration 8= &E{SHLE.

- 2% 3IEHOl 'Process Image'E 22 StCHAY 2.3-9).

- B2 A2t oHOll H=50t0 M &S Resolution S E & 28 =SS0l
- Resolution testOlAd SHE EXtet 20| Scale= &2l &tHCt.

- Resolution S & EI39 €22 ROIE &E2EHCY.

- FigureOl LCPOF A&t XCHIOY 2.3-10).

(3) HCP test
- HCP test= Resolution testAl &M HAHOl =ICH (O 2.3-9).

(4) LCS test

— Automated Test2l Low Contrast Sensitivity 1S AEHSHCH (O 2.3-11).
- LCS test8 Z&s 2SIt

- Contrast Targetel & ZHE ol ROIS HO &Lt (08 2.3-12).

- USQA= ROIQ &5 (et Ef20 vt 2o XHOIE HIAHEHTH (08 2.3-13).

0
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(5) HCS test

HCHOE 2.3-14).

- -
HE HENSE

El
=

— Automated Test2l High Contrast Sensitivity

- Resolution testl A2 20 ZA&2 Scale2 &

FCHOE 2.3-15).

AFet
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8 2.3-8 USQA (Ver 7.4)0l A Resolution 2102 d= WA,
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Axial resolution, Lateral resolution, Visibility &
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8 2.4-1 A"ENAM AFEE =3I XD SONOACE 8000 (MEDISON Co., Ltd.

Seoul Korea)
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ULIMOZ EHMASMHUMO BIAIAISE 500 XA TAGHI0sE U2E
)| R0 A5 ZEQ| QS SECE 28D 0/S0l2inE =
C 0lS2 Qaipls XZ( (et =245 XZO H|O|CH 0|S2 2tCHst )
S22 DHZO0E 4+ ¢ QYO [ YUEOR= [o|e2 ESEC HE SH,
40dB2l 0|E& 1008He ===t 20}

2.5 A FXA9 e
=2 HAIAN A= MEDISONS SONOACE 80002 Ol=2ol¥el, g 52 1

g 2.5-11 2L

£8&= 3N Linear Array, Curved
Array, Phased Array2 U= %= QUCH Z2B0l=s O2st o4 AXx 1
2l Etgol U2l 2 AFRiAE Z2E8 e F IOtd JI=20let & =+
& Linear Array Et2E AISot0 AES 28 SIJACHIAY 2.5-2). =&
BMHz, &KXt £&== 128JH0|CH. 0] Z2E = Switching DeviceOll HZatH 1:1

Z EOol HZE0 AXI0NA ON/OFFE & = UL

8 2.5-30l= 2E0lA AIEE ZEeE ZI2E AXNe 255 UEUWLD
Ol ACH Jt20 FE2H Mz & 2201 AXE 0186t HIIH2=2
SHAIZE 250ICH IR0 FEE =22 MHRFZ2 ot AXNE &EIIH



SonoAce8000

Probe
Probe Holder Switch
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3.3 Low Contrast Penetration (LCP)
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3.4 High Contrast Penetration (HCP)
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5-1 Contrastot THE ER2U0I CHAH, USQA (Gibson's method), Line, Area 2
oz HIISH LCSe E&E HX (SD)Ql E#agt Bl
-15dB -6dB -3dB +3dB +6dB +15dB
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