- unn‘r‘ér?'sﬁv TU / e

Ultrasound Signal Processing

Public version
06-11-2015

Erik Duisterwinkel
Haoming Xin

BRI Funded by
o the European Union



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMrAxoT09sgCFYXrFAod71cHMg&url=http://chi.se.wtb.tue.nl/&psig=AFQjCNFYkFVegUXzbEbYgPhjeQ6vyx9Bkg&ust=1446731238415496
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMrAxoT09sgCFYXrFAod71cHMg&url=http://chi.se.wtb.tue.nl/&psig=AFQjCNFYkFVegUXzbEbYgPhjeQ6vyx9Bkg&ust=1446731238415496

- E. Duisterwinkel

INCAS3 artwork

{
-
i, e

mml

A}
A\
~

- ! . =
/
S
~
_—— -

.‘.\
v
3

-
~
o #
A}

_aco u-stic Q~

Ultrasound in Mote Swarms




Ultrasound Signal Transmission
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Transducer Properties
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are available and should be investigated




Ultrasound Trade-offs

e Parameters:

— Beam spread a (67°)

_ a
— Transducer frequency f; (100kHz)—» >ih (E) = 0.514¢/fusDus

— Transducer diameter D, (1. 4cm)\
— Emitted energy E,,, (?)
— Transducer sensitivity S (?) _—

 Reduce D, to mm size

E,, o« Dz,
I\/Iore E,,, leads to a relaxed S

— Increase f,5 to e.g. 1MHz, D, down to 1.4mm (other p same)

— Less E,,,,, more sensitivity needed
— Other choice (e.g. increase «)?




Ultrasound Propagation

From Thomas L. Szabo, 2004

. 2 2 .
25, 7, A) m""’;" Y l.z(,f;f;{,{(;)z» = ipocuo (%)iinc(%) (6.17b)

where
jinc(x) = 2J1(2nx) /(2nx) (6.18a)

and J; is a first order Bessel function. The far-field beam cross section is shown in
Figure 6.11. The FWHM for this aperture is

FWHM = 0.7047z/a (6.18b)
An exact expression without approximation can be obtained for on-axis pressure,
1p(0, 2, 2) |= 2po sin{% [ 1+ (a/z)? - 1} } (6.19a)

which under the Fresnel approximation, 22 > 42, is
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Figure 6.11 Far-field jinc beam-shape from a circular aperture (dashed line)
normalized to a far-field sinc function from a line aperture (solid line) with the same
aperture area.




Signal Transfer Function

A very simple model:

transducer i uItrasoun'd transducer j cos(2miot)
propagation

exp(i2nfot) o, Q

. g, Q
noise n(t) o= Z(nT)

l l -
Si(kT) Ci(t :
»é () - Wi(t) hij(t) A.é l > Wj(t) rj(t) »C?_» IOT dt aicn_r | ZjQ(nT)

sin(2nfyt)




Speed of Ultrasound in Water

e Speed of ultrasound in water is not fixed

e Accurate localization needs accurate speed
estimation
 Parameters influencing speed
— Temperature (a change of 3.5m/s ~ 1°C)
— Salinity (a change of 1m/s ~ 1g/L)
— Pressure (a change of -0.33m/s ~ 1 meter depth)




Temperature Dependence [1]
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[1] https://en.wikipedia.org/wiki/Speed of sound
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Salinity Dependence [2]

[2] Y. N. Al-Nassar, A. M. Al-Jalal , M. A. Khan, and S. A. Al-Kaabi, “Functional Dependence of Ultrasonic Speed in
Water on Salinity and Temperature.”

Spe1ed of ultrasonic waves in saline water as a function of salt concentration at 22 °C

580 | | ‘ |

1560 - /
. 1m/s per g/L,
g 676ppm per g/L dead sea
©
(]
@
o
w
21520+ -
>
O
%

1500 |- normal seawater |

~te— rivers/lakes
1480 id | | | |

0 20 40 60 80 100
Salinity (g/L)

10



Pressure (Depth) Dependence [3]
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[3] https://en.wikipedia.org/wiki/Speed of sound

Sound speed as a function of depth at a position
north of Hawaii in the Pacific Ocean derived from the
2005 World Ocean Atlas.

Our application: <200m depth?
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