Optimal Control by Transmit Frequency in Tissue
Harmonic Imaging

Sébastien Ménigot and Jean-Marc Girault

Université Francois Rabelais de Tours

Inserm U930 - Imaging and Brain
1Y) Team 5 - Imaging and Ultrasound
Tours, France

April 26t 2012

a2l (i =3 wotzit 11 !nserm
ACOUSTICS 2012 AR

Ménigot & Girault (Tours, France) Optimal Control in THI



Outline

@ Introduction
@ Ultrasound Imaging System
@ Ultrasound Second Harmonic Imaging
@ Problematic

© 'mplementation of the Closed Loop System
@ Cost Function
@ Algorithm

Materials

00

Results
@ Simulation
@ Experiment

© Conclusions & Prospects

Ménigot & Girault (Tours, France) Optimal Control in THI i ,2012 [@osE 2 /21



Introduction

Introduction )

Ménigot & Girault (Tours, France) Optimal Control in THI



Introduction
°

Ultrasound Imaging System

Ultrasound Imaging System

" . Medium .
Transmit Emission . Reception
Nonlinear Image
Signal i i i Promagation i Rx i 9

Transmission Reception

Ampliude

Frequency

Ménigot & Girault (Tours, France)

Optimal Control in THI



Introduction
°

Ultrasound Imaging System

Ultrasound Imaging System

" . Medium .
Transmit Emission . Reception
Nonlinear Image
Signal i i i Promagation i Rx i 9

Transmission

Ampliude

Frequency




Introduction
°

Ultrasound Imaging System

Ultrasound Imaging System

" . Medium .
Transmit Emission . Reception
Nonlinear Image
Signal i i i Promagation i Rx i 9

Transmission

[9)
o
@
i)
=t
o
=}

Ampliude
Amplitude

Frequency




Introduction
°

Ultrasound Second Harmonic Imaging

Ultrasound Second Harmonic Imaging

Transmit . Medium .
Signal q Emission q Nonlinear q Reception » Image
T ) R .
Frequency fy X Propagation X

Post-processing
Filtering around 2f,

Transmission armonic Reception

o BX5)
Frequency

Ampltude
Amplitude

Frequency




Introduction
°

Ultrasound Second Harmonic Imaging

Ultrasound Second Harmonic Imaging

Transmit . Medium .
Signal q Emission q Nonlinear q Reception » Image
T ) R .
Frequency fy X Propagation X

Post-processing
Filtering around 2f,

Transmission armonic Reception

o BX5)
Frequency

Ampltude
Amplitude

Frequency




Introduction
°

Ultrasound Second Harmonic Imaging

Ultrasound Second Harmonic Imaging

Transmit . Medium .
Signal q Emission q Nonlinear q Reception » Image
T ) R .
Frequency fy X Propagation X

Post-processing
Filtering around 2f,

Transmission Harmonic Reception

How to optimize the

contrast ?

Girault urs ce) Optimal Control in THI



Introduction
®0

Problematic

What is the best frequency 7

Transmit . Medium .
Signal q Emission q Nonlinear q Reception » Image
T ) R .
Frequency fy X Propagation X

Post-processing
Filtering around 2f,

How to choose the transmit

frequency fy ?

Ménigot & Girault (Tours, France) Optimal Control in THI



Introduction
®0

Problematic

What is the best frequency 7

Transmit Emissi Medium R .
Signal q m:slon q Nonlinear q ec;ptlon — » Image
Frequency fy X Propagation X
Post-processing
Filtering around 2f,
Sensitivity
A Bandwidth of transducer
How to choose the transmit TS,
frequency fy ? . TN
@ Advice : 2/3f. with f. = Bandidh in
central frequency of the Transthission !
transducer
' overlay '
. . >
fo 2f0
Frequency

Ménigot & Girault (Tours, France) Optimal Control in THI



Introduction
®0

Problematic

What is the best frequency 7

Transmit Emissi Medium R .
Signal q m:slon q Nonlinear q ec;ptlon — » Image
Frequency fy X Propagation X
Post-processing
Filtering around 2f,
Sensitivity
A Bandwidth of transducer
How to choose the transmit TS,
frequency fy ? . TN
@ Advice : 2/3f. with f. = Bandidh in
central frequency of the Transthission !
transducer
' overlay '
@ Is it optimal 7 ; ; >
f 2f [
0 0
Frequency

Ménigot & Girault (Tours, France) Optimal Control in THI



Introduction
oe

Problematic

Optimal Transmit Frequency for Ultrasound Imaging System

—) Medium —) Rx

Transmit Emission
Signal —) >
Frequel fo
Transmission - fy
? @ ®?

Reception - 2fg

Ménigot & Girault (Tours, France)

Reception

Image

\ 4

Filtering around 2fg

Optimization &
Y

? — 3

Harmonic
Image

OPTIMAL
Contrast

Optimal Control in THI



Implementation

Implementation of the Closed Loop System )

Ménigot & Girault (Tours, France) Optimal Control in THI i ,2012 [@osE 8 /21



Implementation

Implementation of the Closed Loop System

Transmit
y Emission . Reception
Signal —_ > —_— Medium —_— Rz > Image
Frequel fo

Filtering around 2fg
Optimization :

Setting of Iterative Optimization
© Choice of the Cost Function J(6)

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEe



Implementation

Implementation of the Closed Loop System

Transmit
X Emission . Reception
Signal —_ > —_— Medium —_— Rz > Image
Frequel fo
Filtering around 2fg
Optimization :

Setting of Iterative Optimization
© Choice of the Cost Function J(6)
© Choice of the parameters 6

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEe



Implementation

Implementation of the Closed Loop System

Transmit
Emission Reception

Signal _) % _) Medium _) Rx > Image

Frequel fo

Filtering around 2fg

Optimization &
Y

Setting of Iterative Optimization
© Choice of the Cost Function J(6)
© Choice of the parameters 6

© Choice of the optimization algorithm

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEe



Implementation

Implementation of the Closed Loop System

Transmit
Emission Reception

Signal _) % _) Medium _) Rx > Image

Frequel fo

Filtering around 2fg

Optimization &
Y

Setting of lterative Optimization
© Choice of the Cost Function J(6)
© Choice of the parameters § — Transmit frequency fy

© Choice of the optimization algorithm

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEe



Implementation
°

Cost Function

Find the Cost Function for the Goal

Maximize the mean contrast in the whole image

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEE 10 /21



Implementation
°

Cost Function

Find the Cost Function for the Goal

Maximize the mean contrast in the whole image

O Choice of the Cost Function

@ Maximize nonlinear behavior

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEE 10 /21



Implementation
°

Cost Function

Find the Cost Function for the Goal

Maximize the mean contrast in the whole image

O Choice of the Cost Function

@ Maximize nonlinear behavior

@ Minimize linear behavior

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEE 10 /21



Implementation
°

Cost Function

Find the Cost Function for the Goal

Maximize the mean contrast in the whole image

O Choice of the Cost Function
@ Maximize nonlinear behavior
@ Minimize linear behavior

@ Cost Function " Contrast Harmonic to Fundamental Ratio" :

Second Harmonic Power

HFR(fy) =
< () Fundamental Power

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEE 10 /21



Implementation
°

Cost Function

Find the Cost Function for the Goal

Maximize the mean contrast in the whole image

O Choice of the Cost Function
@ Maximize nonlinear behavior
@ Minimize linear behavior

@ Cost Function " Contrast Harmonic to Fundamental Ratio" :

Second Harmonic Power

HFR(fy) =
< () Fundamental Power

o Constraint : constant transmitted power
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Gain of around 5 dB with our closed-loop system

Prospects: application to another harmonic imaging methods
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Thank you for your attention
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