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Abstract © A general exprossion for the beam patterns of various synthetic aperlure(5A) techniques was derived based on a umfied SA
model. This model was used to analyze and compare the performance of exisling SA methods. Based on the theoretical studies, we pro-
pose a new synthetic aperlure lechnique that is best suitable for the linear-scan imaging. The proposcd method enahles dynamic two-way
focusing mn real imaging so lhal the B-mode image resolution can be greatly improved. Compared to the convenlional focusing technique,
the focused beam pattern by the proposed method shows the mainlobe widih reduced by half and comparable sidelobe levels. Computer
simulation results demonstrated the validily of the theoretical analysis and the proposed SA method.

Key words : Medical ultrasound imeging, Synthetic aperture, Ultrasound focusing.
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Table 1. Classification of ultrasound focusing techniques

7 x 2(2) o) 20 oFgel Az

CF recl(x/Dy) rect(z /D,) 86 CF(MET/MER)

SF Sam—¢) rect(zi /D.) rect (§/D,) SA(SET/MER)
SA(PAT/PAR) 8a—0) 8z —0) rect (§/D,) SA(SET/SER)
SA(PAT/FAR) 82— 0) rect((zi —£)/D,) rect (¢/D, ) SA(SET/MER)
SA(FAT/PAR) rect((z—2)/Dy) 8z —6) rect (§/D,) SA(MET/SER)
SA(FAT/FAR) rect((2—E)/D) rect((z —£)/D.) rect ({/Dr) | SA(MET/MER)

CF : Convenlional focusing, SF: Synthetic {ocusing, SA: Synthetlc aperlure,
FAT(R) : Finlle-aperture transmit(receive), PAT(R) . Point-aperture transmil(receive),
MET(R) : Multi-element transmit(receive), SET(R) : Single-element transmit(receive).
E 2 2250 3% 7|HEY 54
Table 2. Performance comparison of ultrasound focusing technigues
Half mainlobe width Sidelobe . Frame
+ R Relatlive SNR
- (2/A2) level _ _ rale
CF min(1/D, 1/D,), z=1 sing (+) D% JD) Normal
/ 1/D, | 2= 71 )0 sinc (+) /DD, Normal
SK min (1/D,, 1D, ) sind ( -) ( “df - _; ) Very low
SA(PAT/PAR) ~ 1/2D, sing (- ) s Normal
SA(PAT/FAR) min(1/D,, l/ZD;) sing (- ) (/D—TIT VT;) Highest
SA(FAT/PAR) | Best 1 1/2D; sinc ( -) JOrD-D; Normal
Best : min(1/D,, 1/2D. ) . . 0D, U,.-D,
SA(FAT/FAR) \ : sinc- () N, High
Worst : 1/D, sing (- ) > /E

th. SA(PAT/PAR) %412 13 2(e)¢t 2(h)g] 241 2 4
Hg ez rEEG

CF ¥z, 2)=¢F, (%)P,U(—Ax i =z (20)

:chf- D. - sinc(/1 fD ) Smc(ﬁz;:D,) at z=f

SF¥(x, 2= aP(/,\ )f [L(é’)PD(—“ Ye- Jk—‘dé' (21)

~aD'- D, sinc(AZ“}D ) sinc(/.tsz ) for all z
4 4y

PAT/PAR ¥(x 2)=cD,sinc (Tz/'i—D )
g |3

: x
T (=)
PAT/FAR Bz 9=aP(D) [ pO)e-seat
—co 3

_p(Ey . pE
_C'P’(Az) Py /12:)

. X i
=aD.D, sin C(Tz-/wﬁ) Smc(_——)«z,/fx D;) (23)
=aD.D, sin¢ (=)

QL 3 C /.IZ/D’,

sin ¢ ( 1) ) for z= 2z
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Azl (z+ z) D,

FAT/PAR W(z, 2=g f ps(é’)PD( ) it (24)
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