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High Intensity Focused Ultrasound (HIFU) is a means of noninvasively treating cancer by focusing an array 
of ultrasound transducers onto a focal tumor. The use of large transducer arrays allows for a high focal 
power deposition, without necessitating undue heating in the intermediary tissue between the transducer 
array and the target. However, organs that are directly obscured by the ribs present a challenge for HIFU 
treatment. The ribs distort the ultrasound waves, while also absorbing their energy, causing them to heat 
and potentially burn the surrounding tissue. As a result of the ribs' presence, the effectiveness of HIFU 
treatments is limited. 

As a result of the challenges presented by the ribs, it is necessary to develop new focusing algorithms. In 
this project, we endeavor to modify an existing focusing method, the Limited Power Deposition (LPD) 
method [1], by introducing a sparsity inducing term. The presence of the sparsity inducing term in the 
objective function of the optimization problem will eliminate some elements from consideration during 
focusing.  

There are numerous advantages to this modification of the problem statement. For example, by removing 
elements that would otherwise be used for HIFU treatment, we allow them to be used for other purposes, 
such as motion tracking, in parallel with the treatment. Accordingly, organs that are constantly in motion, 
like the liver, can receive an improved treatment that is able to remain focused on the moving target with 
the aid of the motion tracking. Additionally, by removing low efficacy elements from the treatment, the 
total energy consumed during treatment will be lowered, providing benefits in scenarios like field treatment 
administration where energy consumption is a constraint. 

In this paper, the LPD method, which utilizes semidefinite relaxation to relax non-convex focal constraints 
into convex form, is modified by appending a sparsity inducing term to the objective function [2], [3]. The 
sparse algorithm utilizes the one-norm squared as a convex surrogate for the zero-norm. Additionally, the 
sparsity inducing term will feature an iteratively reweighted matrix that allows for further sparsity induction 
[4]. The elements of the matrix will be recalculated after each round of sparsity induction so that they are 
inversely proportional to the magnitude of the excitation of their corresponding transducer element during 
the previous iteration. Accordingly, in subsequent iterations the cost of using elements that had low 
excitation will be prohibitively high, driving the excitation of these elements to zero over time. 

As a result of the influence of the sparsity inducing term on the objective function, the solution provided 
during the final iteration of sparsity induction is not optimal. Accordingly, after sparsity induction is 
complete, the original LPD method, which utilizes its objective function to minimize the magnitude of the 
array excitation, will be run using only the elements that were left on during sparsity induction. This step 
removes the influence that the sparsity inducing term had on the elements that remained on, while still 
retaining the sparsity that it provided. 

Simulation results exploring the method’s potential are obtained by using the wave equation and the bio-
heat transfer equation. The simulations use a finite-difference time domain method to model the acoustic 
and thermal properties of the region of interest. The simulation results are then compared to the ray tracing 
method, a currently known sparsity inducing focusing algorithm [5]. 

Using iterative sparsity induction, 23 of the elements were switched off. The resulting excitation vector led 
to a higher focal gain than the ray tracing (shadowing) method. Additionally, the power deposition in the 



rib plane using the new method was generally lower than the ray tracing method, lowering the risk of burns 
in this region. The sparse LPD method led to significantly lower heat deposition on the intercostals, 
reducing the risk of these unprotected regions developing burns. 
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