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Abstract

The transient thermoelectric technique pro-
vides the only means currently available to deter-
mine the absorption coefficient, as opposed to the
attenuation coefficient, in tissue. However, the
data acquired over the many years this technique
has been available has been limited to some extent
by cumbersome and time consuming hand processing of
recorded responses. Recently, an automated system
for near real-time measurement of absorption coef-
ficients in liquids and biological tissue has been
developed. The output of a precision amplifier is
presented to the analog interface of a mini-com~
puter and digitized information subsequently pro-
cessed. A smaller mini-computer is used to control
gain, filtering, transducer placement and intensity.
This allows real-time processing to a degree suffi-
cient to point to possible anomalies during the
course of an experiment. Calibration of the var-
ious components of the system has been carried out,
and materials of known absorption characteristics
measured.

Introduction

Fundamental ultrasonic propagation properties
measurements, such as the ultrasonic absorption
coefficient, are required to adequately assess the
interaction of ultrasound and, tissue for such
studies,as ultrasonic dosimetry , tissue character-
ization”, etc. The transient thermoelectric tech-
nique offers a phase insensitive method for deter-
mining the ultrasonic absorption coefficient, as
opposed to the attenuation coefficign&,sin various
liquids and solids including tissue™ "’ The
technique involves the determination of the initial

rate of temperature rise, (%%l)in °c/s, in a sample,

measured by a small diameter thermocouple imbedded
in the sample, due to the application of ultra-
sound of known intensity. The absorption coeffici-
ent a(Np/cm) is then determined from the relation
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where pC is the product of the surrounding medium's
density and heat cagacity per unit mass at constant
pressure (joules/em>/°C) and I_ 1is the ultraionic
intensity at the thermocouple Junction (W/cm®).
Until recently the measurement of the rate of tem-
perature rise involved time consuming hand analysis.
The thermocouple emf was recorded on photosensitive
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paper by deflection of a light beam via a mirror
attached to a galvanometer and (%%)O was determined

graphically from such recordings. This has greatly
limited the obtaining and subsequent reporting of
ultrasonic absorption coefficient data for bio-
logical tissues, an observation which is supported
by a recent comprehensive compilation of ultra-
sonic propagation propergy data which reported
very few absorption data .

A system has been developed which utilizes a
precision amplifier to increase the thermocouple
emf to a level sufficient to permit accurate digi-
tization in the analog-to-digital interface of a
large scale mini-computer. The digitized signal
is then fit to a polynomial of arbitrary degree
using the least-squares criterion. The temperature
rise and the slope (rate of temperature rise) can
be determined from the fit at any time of interest.
In addition, a link has been provided to a smaller
mini-computer which previously had been interfaced
to equipment which provides on-line automated con-
trol of transducer positioning, ultrasonic in-
tensity and irradiation time.

Equipment and Procedures

An automated data acquisition system aimed at
the determination of ultrasonic absorption coeffi-
cient with the transient thermoelectric technique
has been assembled consisting of several elements
linked to a Perkin Elmer 7/32 computer which pro-
vides system control and data analysis (see Fig.1).
An interface has been fabricated which couples the
7/32 to a Digital Equipment Corporation PDP-8 mini-
computer so that advantage is taken of the existing
automated PDP-8 control of the ultrasonic exposure
system. The PDP-8 controls transducer position (3
dimensions), irradiation time and ultrasonic in-
tensity. In addition, it can serve as an "intel-
ligent" driver for an oscilloscope so that temper-
ature vs. time from a given measurement can be
quickly displayed together with either theoretical
curves or previous results for comparison. The
entire memory (8K x 12 bits) of the PDP-8, which
is located 30 meters from the 7/32, can be loaded
in less than two seconds, leaving the 7/32, which
is capable of time shared operation, free for data
acquistion and computation for this and other pro-
grams.

A thermocouple amplifier shown in Fig. 2, is
used to increase the output voltage from the
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thermocouple (typically, 40-60 uV or less = thermo-
electric power is 40-60 uV/OC and temperature change
is typically 1°C or less) to a level compatible
with the input range (0-10.24V) of the analog to
digital converter.
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Figure 1. Block Diagram of Automated

Data Acquisition System.

The thermocouple amplifier consists of two
stages and an active filter to limit noise. (see
Fig. 2) The preamp, an Analog Devices Model 606M
modular instrumentation amplifier, is configgred
in this unit with a fixed voltage gain of 10
(80dB). The output of the preamp enters the am-
plifier, an Analog Devices 522B integrated circuit
instrumentation amplifier, which has manually se-
lectable voltage gains of 2, 5, 10 and 20 (6, 14,
20 and 26dB,respectively) that are chosen to ob-
tain near full scale voltages at the analog to
digital converter. The temperature stability of
the preamp and amplifier of the thermocouple
amplifier is approximately 30 parts per million per
degree Celsius. The active filter has a four-pole,
lowpass, Butterworth response with manually selec-
table corner frequencies of 2, 5, 7.5, 10, 20, 40
and 100 Hz, which allows for the use of the lowest
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corner frequency which will retain the signal har-
monics, and provide fo§ the maximal noise rejection.
The high impedence (10782 in parallel with 3pF) dif-
ferential input coupled with the lowpass filter
limits noise to the equivalent of 1 microvolt peak-
to-peak at the thermocouple amplifier input. Both
the second stage of amplification and the filter
are being interfaced to provide program control of
gain and filter corner frequency.

The analog to digital converter samples at a
rate slightly above 20 kHz and has an input range
of 0-10.24 volts divided into 1024 levels so that
the signal is digitized to 10 millivolt steps. If
chromel-constantan thermocouples are used with the
maximum gain of the thermocouple amplifier, then
one A/D step corresponds to less than 1 millidegree
Celsius; however, noise in the amplifier will typi-
cally limit resolution to about 15 millidegrees
Celsius. On the other hand, at the lowest ampli-
fier gain the system can measure a maximum tempera-
ture change on the order of 8.5°C.

The procedure for data acquisition and analysis
is implemented by a program which provides control
of (1) the ultrasonic intensity, and irradiation
time via the PDP-8; (2) the digitization of the
thermocouple emf (temperature data) during the
ultrasound pulse via the thermocouple amplifier;
(3) the fit to a selectable number of the temper-
ature-time data points with a polynomial of desired
degree using the least squares criterion; and (4)
the calculation of the absorption coefficient uti-
lizing the appropriate fit. The control of ultra-
sound parameters and data acquisition systems have
been described above. A subroutine takes the
specified number of values (temperature data at a
selected time interval) from among the greater
than 20,000 data points stored in the 7/32 and
returns an array of constants which specify a set
of orthogonal "best £it" polynomials up to the
degree, n, requested’ in the form
L
2 n
where T is temperature, t is time and the A, are
polynomial coefficients. The A coefficients are
not given directly but instead “the above men-
tioned array is used to evaluate a set of recur~
sive functions which, because of the limited pre-
cision of machine arithmetic, yield a better fit
than would be possible by a direct determination

T=A +A 2)
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Sketch of Thermocouple Configuration and Block Diagram of Thermocouple Amplifier.
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TADLE I

Compatrison of Absorption Coefficients (Np/cm) Ohtained with the Two Systems of Heasurrment

at 1Mz and 37°C.

Previous System

“Numbor of

Dow Corning
710
Silicone 0il

Fresh Beef

Liver 0.0234 + 0

of the A coefficients. In addition, the same ar-
ray is uSed to determine the derivatives of the
fitted function, using another recursive defini-
tion. The value of the fitted function and all its
derivatives, for a desired value of the indepen-
dent variable (time), are returned by a routine
which operates only on an array of size 3n, where
n is the degree of the fit.

The value of the slope of the temperature-time
curve at 0.5 seconds (given by the fit) is used

for the value of (%% o of Equation 1. This choice

of time is a compromise which minimizes the errors
arising from viscous heating due to relative motion
between the thermocouple wire and the surrounding
medium and heat diffusion from the ultrasonic beam™.
The viscous heating is transient and contributes
little to the temperature rise after 0.5 seconds,
whereas the heat diffusion increasingly affects

the temperature rise with time.

Results and Discussion

Comparisons ofomeasured absorption coeffici-
ents at 1MHz and 37 C have been made between the
system described above and the previous technique
involving photo recording and hand analysis of
emf outputs (see Table I). Two rather different
materials have been measured, and the results show
excellent agreement between the two systems of
measurement. In the Dow Corning 710 silicone oil
the means of a series of measurements with each
system agreed to 5%. The results with both systems
were high because the viscous heating due to rela-
tive motion between the wire and oil is very large
for this viscous 0il- and because streaming can
occur in the liquid. The means of results of
measurements on fresh beef liver with each system
agree to 1.7%, and are thg same as reported for
this tissue by Goss et al .

Preliminary evaluation indicates little dif-
ference in the measurements between fits with
second and third degree polynomials (see Table I1I).
On the other hand, the fit and results obtained for
the absorption coefficient are seriously affected
if the number of points used for the fit is de-
creased much below 100-200 samples per second.

More work is being done to determine the appropri-
ate number of points for optimum results and the
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0.0525 + 0.

Mean + St andard
beviation

0087

L1020
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o Automated Sys Difference
Number of between
Means

Measurements

19 9%

0.0499 + 0.0042

1.0230 + 0.0071) [

effect of the filter corner frequency.

In addition to the automation provided to ab-
sorption measurements by the new system, a number
of other measurement procedures are being imple-
mented. Among these are systems to determine free
field variables in 3 spatial dimensions using
thermocouple and hydrophone probes and to determine
in vivo energy distribution within an experimental
animal using the thermocouple probe.

TABLE 1

Comparienn of Renplts with Varions Fit Paramegers

Nurhor Absarpt fon
Deprve af Cac{Flcienl
Measarement of foints
Sample Nomher Polynomiat Used (Hpfem)
3 200 0.0213
2 200 0.0213
3 100 0.021
Beef Liver 1
? 100 n.02m
3 50 0.0214
2 50 0.0214
1 200 0.0257
2 200 0.025/
Beef Liver H
3 100 0.0258
3 50 0.025%
s 100 0.0488
1 200 n.0488
3 100 0. 0488
Pew Corning 1
[y 2 100 0.0488
Silfcone 0i)
3 50 0.0486
3 75 0.0423
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