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Outline 

• Acoustical imaging 
– DAS beamforming 
– Pulse-echo imaging 
– Building ultrasound or sonar images 
– Beampatterns and image quallty  
– Near-field vs Far-field, Pulsed vs CW and 1-way vs 2-way 

beampatterns 
 

• Sparse array optimization 
– 1-way beampatterns 
– 2-way beampatterns 
– References 

 

 



Delay-and-sum (DAS) beamformer 
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Pulse-echo imaging 



Pulse-echo imaging … 





Building an ultrasound image 



Image quallity 

• Some quantites can be derived from 
the array beampattern 
– mainlobe width – gives lateral resolution 
– sidelobe heigth – gives sidelobe artifacts 
– sidelobe energy – gives filling of cysts or shadows 



BP and lateral resolution 

  

  



BP and sidelobe artifacts 

  

  



BP and filling of cysts 

  

  



Near-field vs Far-field, pulsed vs CW 
and 1-way vs 2-way BPs 
• Far-field BP and 

near-field BPs close 
to focus are very 
similar 

• Max SL of CW BPs 
are usually worse 
than SL of pulsed 
BPs 

• 2-way BPs are close 
to (1-way BP)2 
 

• ==> Choose to 
optimize one or the 
other 

 



Research on sparse arrays 
optimization 
• Optimized the 1-way CW  beampattern in infinity 

– Can be calculated by using an FFT 
– We have usually used matrix multiplication and a much faster  

updating scheme.  

• Optimizing the 2-way CW beampattern in infinity 
– Combined sparse periodic Tx and Rx arrays  

• Optimized various 1D, 2D and curved arrays for 
ultrasound and sonar applications  
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Ultrasound Imaging  

Acoustic Data Display Pixels 
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