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Abstract 

Synthetic aperture imaging methods have been employed widely in recent research in non-

destructive testing (NDT), but uptake has been more limited in medical ultrasound imaging. 

Typically offering superior focussing power over more traditional phased array methods, 

these techniques have been employed in NDT applications to locate and characterise small 

defects within large samples, but have rarely been used to image surfaces. A desire to 

ultimately employ ultrasonic surface imaging for bone surface geometry measurement prior 

to surgical intervention motivates this research, and results are presented for initial laboratory 

trials of a surface reconstruction technique based on global thresholding of ultrasonic 3D 

point cloud data.  In this study, representative geometry artefacts were imaged in the 

laboratory using two synthetic aperture techniques; the Total Focusing Method (TFM) and 

the Synthetic Aperture Focusing Technique (SAFT) employing full and narrow synthetic 

apertures, respectively.  

Three high precision metallic samples of known geometries (cuboid, sphere and cylinder) 

which featured a range of elementary surface primitives were imaged using a 5MHz, 128 

element 1D phased array employing both SAFT and TFM approaches. The array was 

manipulated around the samples using a precision robotic positioning system, allowing for 

repeatable ultrasound derived 3D surface point clouds to be created. A global thresholding 

technique was then developed that allowed the extraction of the surface profiles, and these 

were compared with the known geometry samples to provide a quantitative measure of error 

of 3D surface reconstruction. The mean errors achieved with optimised SAFT imaging for the 
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