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Methods and Apparatus

* One transducer (pulse-echo mode)
— Spectral - Shift
— Log Spectral — Difference
— Backscattering

* Two transducers(one transmitter and one
recelver)



One Transducer

o Simplify the handling and avoid potential
errors to misalignment or mismatching

o Differentiate the attenuation coefficients of
adj acent tissues

* Problem : renewed reflection

— The delay should preferably by adapted to
space any mirror images of pronounced spikes
away from the region to be analysis
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Two Transducers

Through-transmission method
A pair of transducers coaxially in awater tank
Submerge a sample between the transducers

Signals were recorded both with and without the
specimen in the acoustic path

Can't separate the contribution caused by effects
In the soft tissue from the contributions caused by
effects in the bone tissue



Apparatus

Water tank

t1, t2: pulse-echo mode



Spectral Shift Technique

P. : transmitti ng pulse power spectrum
P. : receiving pulse power spectrum
T: time constant
P(f)=ce®T(-F 50
H(F) =e*™, f>0
P.(f)=[H(H R(f)=cpe ™!
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L og Spectral Difference Technique

P() =T VR, (f)

P.(f): power spectrarecorded with the specimen sample
P,(f):power spectrarecorded without the specimen sample

L : the specimen thickness

a( f):thefreguency - dependent attenuation
T : theamplitude transmisson coefficient at each specimen/water interface

If transmission losses are negligible

:>a(f):2—1L[InPW(f)—InPS(f)]
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 Attenuation obeys a=p f°"
o Use amplitude and phase information of the pulse

 Ultrasound reflection at the water-specimen
Interface - produce error

1 2y, 1, [ A(T)
a(f)= In(l R)+L|nh(f)}

A (f) amplitude spectrum with water path only

A(f) amplitude spectrum with the specimen inserted

L : specimen thickness
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P(f)=a(f)-a(f,) =%|nmm((ff))§§:oﬂ

1 1 _ (o) =a(f) ¢.(f)-a(F)

Q(f)=

Vo(fo) V,(f) 2nf L 2L
P'(f)=B8(f"—f") Q*(f)=—2’;tan(”2”)(f”‘l—fo“)
> [p(f) - p(1) Yleet)-@(h)]
Minimize TSE=k— o =2 +@-k=— z
> [p(f)] > [Q(f)]

Given “n”, calculate attenuation coefficient [3



Diffraction Correction

e Diffraction effect on attenuation estimate due to
the two media with different ultrasound velocities

* Experimental Diffraction Correction technique
— Using the spectrum of the reference media, i.e. water

- =20llogy, A(f.2) ~logA (f,2)]
f|d
ﬂ:—ZO[Iogm&(f,z)—logloA(f,z)—logm/w,z)]

|fld

Ad(f, z) diffraction magnitude transfer function
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 Fresnel parameter : S=Se=zA J&

o _ Au(z,—d) +Ad
v A

w

S, =z1,/a°=S, —»

%k

Z,, ensuresthat the water-specimen-water and water- only
paths undergo equivalent diffraction effects

_—20llog,, A(f,2)~10g,, A (f,2,)]
Then, Peoc = ‘f‘d

ﬂ,s wavelength in water

ﬂw wavelength in specimen



Difficulties

e Theoretical value
— Biot’stheory (for bone)
— Ultrasound properties of mammalian tissues

— Numerous parameters are required for the
computation (bulk modulus, shear modulus,
transmission coefficient, etc.)

e Three phantoms
— Actua attenuation coefficients are unknown



Strategies for Attenuation Estimate

o Qualitative analysis

— Use various specimens with largely different

hardness

— Observe the attenuation trend

— Relationship between attenuation and frequency
o Quantitative analysis

— Dispersion & reflection

— Diffraction correction



Experiment

Transducers. 3.5 MHz
5 MHz

7.5 MHz

Pulse receiver

Oscilloscope

A/D: GaGe fs=100 MHz

LabView

Phantom




Preliminary Results

e Transmitting mode
— Signal type: Gaussian
— 4 cycles, continuous
— PRI: 300u s
— Output voltage: £ 5V
e Recelving mode
— Capturelength: 5y s
— No. of PRI: 1
— Sampling rate: 50 M Hz EETs
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