(absorption fluctuations)

Log spectral difference method [1]

) Pu(T)

Ps(f)

P,(f)=T%™“"PR,(f)
P, (f): power spectrarecorded with the specimen sample
P, (f): power spectrarecorded without the specimen sample

L : the specimen thickness

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

log
if transmission lossesarenegligible

:>a(f):2—1L[InPW(f)—InPS(f)]

Dispersion correction [2][9][10]
()

a=p f"
through-transmission B

(least-square
fitting)
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Ps(t)

a(f):%ln(l— R2)+%In['§:((:))} @)
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o) —a( £ = Ll ALDA)
P(f) =a(f) a(fO)_Lln[&(f)AN(fo)} (2)
FO Aw(f)  Adf) Au(f)  ALf)
Pw(t) Ps(t)
Q) (phase velocity)
_ 1 _ 1 _¢w(f0)_¢s(f0)_¢w(f)_¢s(f)
Q(f)_vp(fo) V() 27 L 27fL 3
a=p " P(f)
P (f)=p(f"~ 1) (4)
Szabo’s model
n=1 Q*(f)=£2(lnf—lnfo) (5)
T
(1) = Loty gt g
n>1 Q(f)= Zﬂtan(z)(f fo ) (6)
@ ©
B n (total

sgquared error, TSE)
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B

least-squaresfit to an
arbitrary function

z[p(f) p(f)] Z[Q(f) Q(f)]

TSE =2 — Tt (")
z;p(f) ;Q(fi)]
B n
TSE
n B
B

Diffraction correction [3]

()

TDC (theoretical diffraction correction)
(inverse diffraction transfer function)
EDC (experimental diffraction correction)
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A(f,2)

4

Al(f.2)

A(f.2)

B

A(f.2)

A(f.2) = A(H)A (. DA (F)A(T)A ()

A(f,2)  A(f,2)

transfer functions Z

transfer function

A(f.2)

A(F.2) = Al(f.DA(F)A(T)A(T)

transfer function

A(f,2)

. A(f.2) A(f.2)
f,2)=—"2""2=Af)2 "2
A= .0 =MD a0

_A(f.2

A= 0 5

A(f,2) = A(F)A(F,2)

transfer function

A(f) = e—ﬁmd

—20[log,, A.(f,2)~logA (f,2)]

- Tld

A(T)

_ —20flog,, A(f,2)~log,, A (f,2) ~log,, A, (f,2)]

|f|d

EDC

Fresnel parameter S=Sa=z\ J& Za
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1 6 12

9.3*9.3*7.6cm® 10*10*6.6cm® 9.2*9.3*6.8cm’
76 6.6 6.8cm

()

specimen

3.5MHz(V381) 5MHz(V308) 7.5MHz(V321)
pulse receiver
A/D GaGe, sampling rate 100 MHz
LabView

Log spectral difference method
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log spectral difference method

curve fitting
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frequency (MHZz)
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()
3.5MHz 0.05
~1dB/cm 5MHz 0.15~1.5dB/cm
7.5 MHz 0.4~ 1.6dB/cm
35MHz 75MHz
005~048 04~095 04 ~16
dB/cm
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Attenuation coefficient:
0.0791+ 0.0137

Attenuation coefficient: Attenuation coefficient:
0.1054+ 0.0225

0.2356+ 0.0257




Dispersion correction

()
n=1
()
Measured and least-squares fitted change in attenuation Measured and least-squares fitted change in inverse phase velocity
0.04 T T T 0.02 T T T
— datal [
Py 0.0151 //
0.02} 74 g
e 7
0.0LF b e 0.01F 7 1
g e 9 4
g o Boost o ]
%—0.01— /4 % "/
0wl s
0.8} / g
o0/
-0.04 /
o, 45 5 55 6 oo, 15 5 55
frequency (MHz) frequency (MHz)
dispersion
Low Median High
With correction 0.0837+ 0.0234 0.1274+ 0.017 0.2455 + 0.0748
Without correction 0.0875+ 0.0245 0.1101+ 0.004 0.2605+ 0.0754
Without correction Low Median High
3.5MHz 0.1077+ 0.2665 0.1143+ 0.1012 0.3437+ 0.6453
5MHz 0.0945+ 0.2047 0.1106+ 0.0617 0.2115+ 0.0511
7.5MHz 0.0602+ 0.0121 0.1055+ 0.0534 0.2605+ 0.0754




With correction Low Median High
3.5MHz 0.1033 + 0.0131 0.1310+ 0.0085 0.3544+ 0.0224
5MHz 0.0548+ 0.0097 0.1417+ 0.0123 0.2034+ 0.022
7.5MHz 0.0931+ 0.0038 0.1094+ 0.0104 0.1766+ 0.0147
Diffraction correction
()
134 mm 150 mm 205 mm
3.5MHz
1.57 mm/us
()
3mm
150 mm
134 mm 150 mm 205mm
3 3
15 i : 14 T
- i 1 i g |
£ i - ]
(dB/cm- 1, K 'i'I'---.
M HZ) 5-'- 'I‘."I 1d- :
o s . :
13r
L 1 1 =
LE 1 3 15 i 1 i5 4
F ey (T
0.8357 -0.5794 0.3984
(
0.8225 -0.7393 0.7397
(
2* 134+2.46 mm 150+1.5 mm 205+2.26 mm
W




[4]
2.5-40M Hz (infracted)
(dilated cardiomyopathy)  samples

1.6
samples 13 12
index
[51[6]
40M Hz
150 14-85
0.7-3.6 dB/cm-MHz
[7118]
()
X-ray
()
(cancellous) (cortical)
()

transversetransmission  axial transmission
transverse transmission

axial transmission

time-of-flight



/ Transmitter

C

NN Receiver

\\ / > Cortical bone
Skeletal site Type Technique coupling |Image |Parameter
Calcaneus Transverse Immersion or Possible Speed
(cancellous bone)|transmission contract Attenuation
Finger phalanxes | Transverse Contract No Speed
(Integral bone) |transmission
Radius, Tibia  |Axial transmission Contract No Speed
Finger phalanxes
(Cortical bone)
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