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Small Calcification Detection for Ultrasonography Using Decorrelation between Adjacent Scan Lines with

Real Data Oversampling

Hirofumi Taki*, Takuya Sakamoto, Makoto Yamakawa, Tsuyoshi Shiina, Toru Sato, (Kyoto University)

For the improvement of the calcification detection ability in ultrasonography, we propose a method using

decorrelation between adjacent scan lines with a technique to convert IQ data to the data suitable for wide-band

signal processing. Experimental study verified the potential of the method to detect calcifications about 0.05 mm

in diameter.

F—T—F AR bR, ERBEERE, 8 AT 7, MEET, MAERE, v E' S F 70—

(Keywords: calcification detection, ultrasonography, acoustic imaging, decorrelation, cross-correlation,

mammography)

1. [XLC®HIZ

05 I 72 T 18 22 C S AR R A e < IR AREL AR
FEICEND -, BERG TR HVnsn TS, Ll
NG, BEEREIX CT oY ES 77 40— 8 X %
RV & i LA RIS HRE MRS . Ak &
FIRALSEIR ORE RSB A 7 Y — =0 7RO Tl —
B LT B ARNOT@ Eu o o — IR & E o fE A Y
T2 2 LIk 0 AR AT 5 B b IRRE SN TWY
%GO N IRAL D B O = — BRI (3N S < R A3 R
Thb,

ME W ZWEE O A KLREZ M LS ¥ 5720, Fx
TR LRI K 2 = a2 —B OMBIET 2 v e AR {bik
HNEZRE L CE 200, 245 AR LRIHIEICET —4
F=R—=Y ) TEEEAT 52 LRV REEOA
JRALMHHREN ST 5 Z L AR LI-0O T, AT TH
HT 5,

2. HEMHBEZAV-AKREREE

(2-1) REZEORE

AIRALTEIE 2 R T 5 720, Fox IXBREEE AR O F6 B
ETFEEAT2 (K158, AR LEROEES L v—F
RO & K& < B b7, AKALFEE TE
P, 7V —v o7, ZEANEREET S (K250,
FDT, ARG & @i % OBE OV A DR ILE
AT & L RE BT D, Lo T, AKILHEEKE ST

Scanning direction

—>

| Probe \
Intrabody
Calcification
s
A
Ultrasound beams Ultrasound beam

without calcification with a calcification

|
| I

Cross-correlation
between adjacent

scan lines
M1 RET D AR HEOREX
Fig. 1. Schema of the proposed calcification

detection method.
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Fig. 2. Factors in the waveform change of an
ultrasound pulse at a calcification location.
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Fig. 3. Calcification phantom used in this

study.
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Fig. 4. B-mode image of a section of a

Ratio-Dis

calcification phantom with three wires. White
arrows indicate the wire locations. The
diameters of the wires are 0.1, 0.05, and 0.03

mm in left to right order.
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Fig. 5.

calcification phantom calculated (a) with and (b)

Cross-correlation coefficient profiles of a

without the real data oversampling. Three wires
0.03, 0.05, and 0.1 mm are located at the lateral
positions of 10, 25, and 40 mm.

N, UEOZ E0s, BEEERAVDZ EICX D EERK
PR AW e AR ER RE S WEL, AR
U —= 7 EWUNAIRAE O S LB 2R AR LT
FEDWEENEA T, MR RO R NER TR X
N RRRE DN KB CE 2 REES RIB S Tz,

#Ht e
ARFFE D — LG RH A AR A BRI Th 5 =
R ¥ CHBE T 0V 2 s FERARA A=
VISERT O )Tl MEREFSHARBEES T 1
7T LOEMEZ T LD TH D,

X ik

(1) H. Ozdemir, M. K. Demir, O. Temizéz, H. Genchellac, and E.
Unlu, “Phase inversion harmonic imaging improves assessment

374



(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

of renal calculi: a comparison with fundamental gray-scale
sonography,” J. Clin. Ultrasound., vol. 36, pp. 16-19 (2008)

K. A. B. Fowler, J. A. Locken, J. H. Duchesne, and M. R.
Williamson, “US for detecting renal calculi with nonenhanced
CT as a reference standard,” Radiology. vol. 222, pp. 109-113
(2002)

P. M. Lamb, N. M. Perry, S. J. Vinnicombe, and C. A. Wells,
“Correlation between ultrasound characteristics, mammographic
findings and histological grade in patients with invasive ductal
carcinoma of the breast,” Clin. Radiol. vol. 55, pp. 40-44 (2000)
D. Jacob et al., “Analysis of the results of 137 subclinical breast
lesions excisions. Value of ultrasonography in the early diagnosis
of breast cancer,” J. Gynecol. Obstet. Biol. Reprod., vol. 26, pp.
27-31 (1997)

Y. Zhu, and J. P. Weight, “Ultrasonic nondestructive evaluation
of highly scattering materials using adaptive filtering and
detection,” TEEE Trans. Ultrason. Ferroelect. Freq. Contr., vol.
41, pp. 26-33 (1994)

N. Kamiyama, Y. Okamura, A. Kakee, and H. Hashimoto,
“Investigation of ultrasound image processing to improve
perceptibility of microcalcifications,” J Med. Ultrasonics, vol. 35,
pp. 97-105 (2008)

H. Taki, T. Sakamoto, M. Yamakawa, T. Shiina, and T. Sato,
“Calculus Detection for Medical Acoustic Imaging using
Cross-correlation: Simulation Study,” J Med. Ultrasonics, vol. 37,
pp. 129-135 (2010)

H. Taki, T. Sakamoto, M. Yamakawa, T. Shiina, and T. Sato,
“Small calculus detection for medical acoustic imaging using
cross-correlation between echo signals,” Proc. IEEE Int.
Ultrason. Symp., pp. 2398-2401 (2009)

H. Taki, K. Taki, T. Sakamoto, M. Yamakawa, T. Shiina, and T.
Sato, “High range resolution medical acoustic vascular imaging
with frequency domain interferometry,” Proc. IEEE EMBS,
accepted.

4.4



