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Introduction

Introduction

Image courtesy of SickKids hospital.

Array of ultrasound elements
producing a focused beam.

Tissue heats up at the focal
point.

Propagation of waves through
the tissue defocuses the beam.
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Introduction

Change of phase for each element moves the focal point.

Compensate for tissue absorbtion.

Effect of tissue on each element

zj = mje
iθj , j = 1, · · · , J (1)

Phase and amplitude of each element

αj = aje
iφj , j = 1, · · · , J (2)

Intensity at the focal point

I =

∣∣∣∣∣∣
∑
j

mjaje
i(θj+φj)

∣∣∣∣∣∣
2

(3)
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Introduction

How do you focus the beam given a finite number of measurements?

Need the properties of the tissue (parameter estimation).

Design a set of experiments {an,φφφn}

an = (an1 , a
n
2 , · · · , anJ)′,

φφφn = (φn1 , φ
n
2 , · · · , φnJ)′.

(4)

and measure d = I(an,φφφn).

Estimate the parameters

m = (m1,m2, · · · ,mJ)
′,

θθθ = (θ1, θ2, · · · , θJ)′.
(5)
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Design of experiments

Design of experiments

What is a good choice of {an,φφφn}?
Choosing random experiments gives noisy data.
Group the elements at different scales.
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Design of experiments

Bessel basis
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Design of experiments

Ring and sector
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Design of experiments
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Parameter estimation

Improving previous methods

The method of Herbet et al. [1] uses four measurements per group of
elements (1024).

We can solve the problem with three measurements (768) with the
same total amount of energy.
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Parameter estimation

Optimization algorithm

Aiming for even less measurements.

Borrow ideas from convex optimization.

We want the best match of the data

argmin
(m,φφφ)

J := ‖I(m,φφφ)− d‖22 (6)
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argmin
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J := ‖I(m,φφφ)− d‖22 + βR(m,φφφ) (6)
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Parameter estimation

Optimization algorithm

Aiming for even less measurements.

Borrow ideas from convex optimization.

We want the best match of the data

argmin
(m,φφφ)

J := ‖I(m,φφφ)− d‖22 + βR(m,φφφ) (6)

most simple choice R := ‖m‖22 + ‖φφφ‖
2
2.

Good choices still works with insufficient data.
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Parameter estimation

Apply your favorite optimization algorithm.

Line search methods (Wright and Nocedal [2] ).

initial guess (m0,φφφ0)
until convergence repeat:

compute gradient ∇J (mk,φφφk).
choose a search direction pk = B−1∇J (mk,φφφk)
choose step size γk.
update solution (mk+1,φφφk+1)← (mk,φφφk) + γkpk.

We use steepest descent.
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Parameter estimation

Full data set

data

solution

phase (rad) Attenuation
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Parameter estimation

Half data set

data

solution

phase (rad) Attenuation
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Parameter estimation

More a proof of concept.

Works with other improvements (ex. grouped measurements, basis
reduction, etc).

less sensitive to noise.

Can handle insufficient data.
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Final remarks

Future work

Optimal recipe for experiments.

Different choice of the regularization operator.

Better optimizer.

Approximation in smooth basis.
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Final remarks

Summary

Dealing with a parameter estimation problem.

Proposed measurements have a huge impact.

Optimal choice of experiments is not trivial.

An optimization framework shows potential.
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