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Functional beamforming for high-resolution ultrasound imaging
in the air with random sparse array transducer
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ABSTRACT: Ultrasound in the air is widely used in industry as a measurement technique to prevent
abnormalities in the machinery. Recently, the use of airborne ultrasound imaging techniques, which can find the
location of abnormalities using an array transducers, is increasing. A beamforming method that uses the phase
difference for each sensor is used to visualize the location of the ultrasonic sound source. We exploit a random
sparse ultrasonic array and obtain beamforming power distribution on the source in a certain distance away from
the array. Conventional beamforming methods inevitably have limited spatial resolution depending on the number
of sensors used and the aperture size. A high-resolution ultrasound imaging technique was implemented by
applying functional beamforming as a method to overcome the geometric constraints of the array. The functional
beamforming method can be expressed as a generalized beam forming method mathematically, and has the
advantage of being able to obtain high-resolution imaging by reducing main-lobe width and side lobes. As a result
of observation through computer simulation, it was verified that the resolution of the ultrasonic source in the air
was successfully increased by functional beamforming using the ultrasonic sparse array.
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Fig. 1. (Color available online) The random sparse

array. (a) Sensor configuration, (b) beamforming map.
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Fig. 3. (Color available online) Ultrasound imaging in the air for two sources, (a) conventional beamforming, (b)

functional beamforming when v =30,

Table 1, Minimum distance of source discrimination
with respect to stand—off distance from the array.
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