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Second Harmonic Power

HFR(fy) =
< () Fundamental Power

o Constraint : constant transmitted power

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



Implementation
°

Algorithm

Algorithm

Transmit
Emission

Signal —_ T —_— Medium e

Frequel fo

Optimization et

of

>

Reception

Rx

Filtering around 2fg

CHFR i
Y

rs, France)

Image



Implementation
°

Algorithm

Algorithm

Transmit
: Emission ] Reception
Signal —_— ITxl —_— Medium —_— Rz ! > Image
Frequel fo
Optimization ‘() Filtering around 2fg
of
CHFR <

O Algorithm and Principle ’

o Method of Gradient 6

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



Implementation
°

Algorithm

Algorithm

Transmit

: Emission ] Reception
Signal —_— ITxl —_— Medium —_— Rz ! > Image
Frequel fo
Optimization et Filtering around 2fg
of
CHFR <&
<

O Algorithm and Principle

[

@ Method of Gradient 6. s
@ Seek the maximum by “going up the ¢
descent”
RENNE:!
o1 = fe + ax - VCHFR(fx) o
-
.

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEE 11 /21



Materials

Materials )

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



Materials

Simulation and Experimental Setup

@ “Open” Ultrasound Scanner Utrasound
Ultrasound Scanner PC
(MultiX WM, M2M, Les Ulis, France)

probe

Phantom

jyperechoic
arget

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEe 13 /21



Materials

Simulation and Experimental Setup

Experiment

@ “Open"” Ultrasound Scanner
(MultiX WM, M2M, Les Ulis, France)

@ Probe centred at f. = 4 MHz
(Vermon SA, Tours, France)

Ultrasound
probe

Phantom

Vi
arget

Ultrasound
Scanner PC

perechoic

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

, 2012 13 /21



Materials

Simulation and Experimental Setup

Experiment
@ “Open” Ultrasound Scanner Utrasound
Ultrasound Scanner PC

probe

(MultiX WM, M2M, Les Ulis, France)

@ Probe centred at f. = 4 MHz
(Vermon SA, Tours, France)

Phantom

jyperechoic
arget

@ Phantom with hyperechoic
target
(CIRS, Norfolk, VA, USA)

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEe 13 /21



Materials

Simulation and Experimental Setup

@ “Open” Ultrasound Scanner Utrasound
Ultrasound Scanner PC
(MultiX WM, M2M, Les Ulis, France)

@ Probe centred at f. = 4 MHz

(Vermon SA, Tours, France)

Phantom

jyperechoic
arget

@ Phantom with hyperechoic
target
(CIRS, Norfolk, VA, USA)

@ Transducer centred at f. = 3.5 MHz

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



Materials

Simulation and Experimental Setup

Experiment

@ “Open” Ultrasound Scanner Utrasound
Ultrasound Scanner PC
(MultiX WM, M2M, Les Ulis, France)

@ Probe centred at f. = 4 MHz

(Vermon SA, Tours, France)

Phantom

jyperechoic
arget

@ Phantom with hyperechoic
target
(CIRS, Norfolk, VA, USA)

@ Transducer centred at f. = 3.5 MHz

@ Nonlinear propagation: pseudo-spectral method [Anderson, 2000]

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEe 13 /21



Materials

Simulation and Experimental Setup

Experiment

@ “Open” Ultrasound Scanner Utrasound
Ultrasound Scanner PC
(MultiX WM, M2M, Les Ulis, France)

@ Probe centred at f. = 4 MHz

(Vermon SA, Tours, France)

Phantom

jyperechoic
arget

@ Phantom with hyperechoic
target
(CIRS, Norfolk, VA, USA)

@ Transducer centred at f. = 3.5 MHz

@ Nonlinear propagation: pseudo-spectral method [Anderson, 2000]

@ Tissue with a blood vessel

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEe 13 /21



Results

Results )

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



Results
©00

Simulation

Simulation: Empirical Optimization

-28
»
~30¢ SN :
7 \
1~ \
\
-32t . v i
. \
A \
' \
~ =34 P N il
o \
= ! '
[ \
o 1 \
LIL -361 ’ N g
O 1 ss\
i AR
-38} : SN = il
' -2’ R '¢~‘ s~ d
1 N
—40F l' i
1
1
—42F ll 4
11 L L L L L L L L L
1 125 15 175 2 225 25 275 3 325 35 375 4

Frequency f (MHz)
Optimal Control in THI

Ménigot & Girault (Tours, France)



Results
©00

Simulation

Simulation: Empirical Optimization

-28
,\ N
7 \
=301 PR 7
7 \
1~ \
\
-32t . v i
1 \
h \ G, =83dB
L ! \\. -
8_34 7 \
= ! '
1 AY
x 1 \
'-Il- -36- o N :
O 1 BN
A A e |
-38 I | s . ,'s
1 | - \\ ’IN‘ 25 d
1 | S
1 |
_407 ' | -
1 |
1 |
a2l 1 ) 4
1 1213
11 L L L1 L L L L L
1 125 15 175 2 225 25 27 3 325 35 375 4

Frequency f (MHz)
Optimal Control in THI

Ménigot & Girault (Tours, France)



Results
oeo

Simulation

Simulation: Automatic Optimization

T T T T
= = = Empirical Optimization
—— Automatic Optimization

GdB=8'3dB
s 4
om
S
Z
o
TR -
5
2
| e N i
| 1,74
| Se LT s~ 4
N2
| N
| -
|
|
|
I 4
| 12/3 f
|

L L L L L1 FT L L L L L
25 15 17 2 225 25 27 3 325 35 375 4
Frequency f (MHz)

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



Results
ooe

Simulation

Simulation: Synthetic Images

-25

2 8 10

6
lateral (mm)

fo = 2/3f. = 2,3 MHz

Meénigot & Girault (Tours, France) Optimal Control in THI i , 2012 17 /21



Results
ooe

Simulation

Simulation: Synthetic Images

10 8 10

6 6
lateral (mm) lateral (mm)

fo = 2/3f. = 2,3 MHz fo = fo.0pt = 1,6 MHz

Ménigot & Girault (Tours, France) Optimal Control in THI April 26", 2012 [@OEE 17 / 21




Results
®0

Experiment

Experiment: Automatic Optimization

4.5 — T
~ —— Experiment
T 4 H
s - = - Mean after convergence
=5 3.5F [ B
e L_ o
L 25¢
o
L 2F
w

1.5 L L L L L L L L L L L L L L L L L L

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Iterations

CHFR (dB)

L L L L L L L L L L L L L
7 8 9 10 11 12 13 14 15 16 17 18 19 20
Iterations

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



Results
oe
Experiment

Experiment: Image

depth (cm)

0
angle (°)

fo = 2/3f. = 2,3 MHz

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



Results
oe

Experiment

Experiment: Images

gﬂw |

0
angle (°)

/3f. = 2,3 MHz

igot & Girault (Tours, France) Optimal Control in THI April 26", 2012 [@OEE 19 / 21




Conclusions

Conclusion & Prospects )

Ménigot & Girault (Tours, France) Optimal Control in THI i , 2012 [@oEE 20 /21



Conclusions

Conclusion & Prospects

@ Automatic optimization of the contrast (CHFR)

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



Conclusions

Conclusion & Prospects

@ Automatic optimization of the contrast (CHFR)

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



Conclusions

Conclusion & Prospects

@ Automatic optimization of the contrast (CHFR)

@ Adapt itself to optimize the contrast

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



Conclusions

Conclusion & Prospects

@ Automatic optimization of the contrast (CHFR)
@ Adapt itself to optimize the contrast

@ Setting without knowlegde of medium or transducer

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



Conclusions

Conclusion & Prospects

@ Automatic optimization of the contrast (CHFR)
@ Adapt itself to optimize the contrast
@ Setting without knowlegde of medium or transducer

@ Gain of around 5 dB with our closed-loop system

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



Conclusions

Conclusion & Prospects

Automatic optimization of the contrast (CHFR)
Adapt itself to optimize the contrast
Setting without knowlegde of medium or transducer

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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