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Ultrasonic Diffraction Computed Tomography
V.S. Ultrasonic Non-Diffraction Tomography
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Ultrasonic Refractive Index & Sound Velocity Tomography
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Ultrasonic Refractive Index & Sound Velocity Tomography

Y, (f)=X(OHH,(HH,(f)x expl-(a, (f)+iB,(ON+1,)]
..(1)

Where :

X(#) is the Fourier transform of x().

Yw(f) is the Fourier transform of yw(2).

H,(f) 1s the transfer function of the transmitter.

H,(f) 1s the transfer function of the receiver.

a,,(f) 1s the frequency-dependent attenuation coefficient of the
water.

B..() 1s the frequency-dependent phase coefficient of water.

[ 1s the thickness of specimen, and /,, =/, ;,+/, , 1s the length of
water channels.




Ultrasonic Refractive Index & Sound Velocity Tomography

F(f)= AT, (f)expl= B, ()¢ exp| - [[aCx. £)+ jBCx. f)ldx

.2

Where :

A4, 1s the attenuation occurring between the junctions of
difference refractive index, so-called the transmittance.

o(x,f) 1s the attenuation coefficient at position x.

LS(x,f) 1s the phase coefficient at position x.




Ultrasonic Refractive Index & Sound Velocity Tomography

p(x.f) =2xf/ V(x) when V(x) = Propagation velocity of sound at position x
B, =2nf/V,

= g

(f)exp

_— j&(x,f)dx

when V,, = Propagation velocity of sound in water

X exp

= g”j{

1

V(JL) V

]dx

.3




Ultrasonic Refractive Index & Sound Velocity Tomography

N j{ : ]abc
Vi(x) V

(4

V(x) 5)

...(6)




Ultrasonic Diffraction Tomogra
phy

Scattered Field
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Ultrasonic Diffraction Tomography

Helmholtz’s wave equatlon ~

(V2 +k; )u(r) = —kj o(r ))l(l")

Rytov Approximation (at weak scattered)

0(r) = u, (;)[log U , ]9(1")]
Uy(7)

‘_________________

When :

u(;) is the total field

U, (;) is the incident field
k,=2x/A

A is the wavelength
0(7" ) is the object function




Ultrasonic Diffraction Tomography

Detect Phase and Amplitude From Input Data
P(x,t) = FFT = P(x,0) = ‘P; (x,a))‘ 9 (%.0)
P(t) =SFFT= Pxo) = [P(xo) ¢**
Nomalization

P (x,)
F,(x,0)

e J(¢S (I,&?)-ﬂ- (I,&?))




FTR Fourier Diffraction
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Ultrasonic Plane wave Hydrophone Ultrasonic Pulser - Receiver
Transducer

b

Water Tank & Stepping Overview of Acquisition System
Control System
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Example of Scattered Field (From high Refractive Index Phantom)




- The top view and side view of Phantom with only one refractive Index

Phantom A Phantom B Phantom C Phantom D




- Reconstructed Results Filtered Back-Projection (FBP)
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Phantom A Phantom B Phantom C Phantom D
- Reconstructed Results Using SART (At 5 Iterations)
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Phantom A Phantom B Phantom C Phantom D




- The top view and side view of Phantom with difference refractive Index

Phantom E Phantom F Phantom G Phantom H




- Reconstructed Results Filtered Back-Projection (FBP)

CPPH

Phantom E Phantom F Phantom G Phantom H
- Reconstructed Results Using SART (At 5 Iterations)
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Phantom E Phantom F Phantom G Phantom H
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Phantom B

Phantom A

1.033
3.5cm

11.0972%

Refractive Index

1.055
1.1 cm

Refractive Index

Phantom diameter

Phantom diameter

MSE

13.8105%

MSE




Phantom C Phantom D
Refractive Index : 1.012 Refractive Index : 1.017
Phantom diameter: 3.5 cm Phantom diameter: 3.5 cm

MSE : 13.2902% MSE : 26.6464%




Diffraction VS Non-Diffraction

Refractive Index
Using : FBP

MSE 40.16%

Refractive Index
Using : SART

MSE 17.83%

Diffraction
Tomography

MSE 13.81%
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Measured forward
Scattered field
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Using frequency
Over -3dB Curve

Power spectrum -




A1319LAAIAT Mean Square Error NAIHEAES )

Frequency (MHz) MSE (%)
1 33.42
1.2 20.72
1.4 35.25
1+1.2 8.69
1+1.2+1.4 12.78
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The End

Thank You for Your Attention.




