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Ultrasonic super resolution imaging using array transducer with structured channel metalens
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ABSTRACT

This paper presents a novel methodology to image subsurface defects in metallic samples using phased array ultrasonic probes in combination with structured channel metamaterials, whose dimensions are optimized using numerical simulations. We study defect imaging using this combination in both ‘through-transmission’ as well as more unconventionally, the ‘pulse-echo’ modes.  In finite element models, ultrasonic waves are assumed to impinge normally on side-drilled holes in metallic samples in pulse-echo and through transmission configurations. A line-scan image at the receiver location is generated based on waves captured according to the pitch of commercially available array ultrasonic probes. The simulations are validated with experiments conducted in a similar fashion. Our studies demonstrate for the first time, a deep subwavelength imaging of (/10)  using metamaterial enhanced array ultrasonics. These results offer a potential pathway to replace radiation-prone electromagnetic techniques as well as eliminate the need for physical scanning at the receiver end for imaging.
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