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Abstract : 3D imaging systems using 2D phased arrays have a large number of active channels, compelling to use a very expensive and
bulky beamforming hardware, and suffer from low volume rate because, in principle, at least one ultrasound transmit-receive event is
necessary to construct each scanline. A high speed 3D imaging method using a cross array proposed previously to solve the above limitations
can implement fast scanning and dynamic focusing in the lateral direction but suffer from low resolution except at the fixed transmit focusing
along the elevational direction. To overcome these limitations, we propose a new real-time volumetric imaging method using a cross array
based on the synthetic aperture technique. In the proposed method, ultrasound wave is transmitted successively using each elements of an 1D
transmit array transducer, one at a time, which is placed along the elevational direction and for each firing, the returning pulse echoes are
received using all elements of an 1D receive array transducer placed along the lateral direction. On receive, by employing the conventional
dynamic focusing and synthetic aperture method along lateral and elevational directions, respectively, ultrasound waves can be focused
effectively at all imaging points. In addition, in the proposed method, a volume of interest consisting of any required number of slice images,
can be constructed with the same number of transmit-receive steps as the total number of transmit array elements. Computer simulation
results show that the proposed method can provide the same and greatly improved resolutions in the lateral and elevational directions,
respectively, compared with the 3D imaging method using a cross array based on the conventional fixed focusing. In the accompanying paper,
we will also propose a new real-time 3D imaging method using a cross array for improving transmit power and elevational spatial resolution,
which uses linear wave fronts on transmit.

Key words : Medical ultrasound imaging, Real time 3D imaging, Cross Array, Volume Rate, Synthetic Aperture
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Fig. 6. Simulation results of CA-FF and CA-SF for point
targets: Lateral beam pattern{a) and elevation beam pattern(b)
of CA-FF method and lateral beam pattern(c) and elevation
beam pattern(d) of CA-SA method.
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