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Full-field mapping of ultrasonic field by light-
sour ce-synchronized proj ection

Gang Yao and Lihong V. Wang”

Biomedical Engineering Program, Texas A&M University
233 Zachry Engineering Center, College Station, TX 77843-3120
gyao@tamu.edu lwang@tamu.edu

Abstract: A simple method for imaging ultrasonic fields in clear mediais
introduced. A modulated laser source is used to project the ultrasonic field
onto a CCD camera. By use of the source-synchronized lock-in detection
scheme, 2D images of the amplitude and phase distributions can be
determined simultaneoudly. This technique is experimentally demonstrated
with a1-MHz and a 3.5-MHz ultrasonic transducer operated in continuous-
wave mode. This method is very straightforward to implement and can be
combined with the traditional tomographic reconstruction technique to

obtain the 3D digtribution of an ultrasonic field.
© 1999 Acoustical Society of America
PACS numbers: 43.58.-e, 43.20.Ye, 43.35.Sx

Introduction

Because of the advantage of noninvasive measurements, various optical techniques, such as
the Bragg diffraction,” Schlieren imaging,? Raman-Nath diffraction,® and TV holography,”
have been used to map ultrasonic fields. Most of these methods except TV holography must
use some scanning mechanisms to acquire an image. Using a speckle interferometer with a
video camerain TV holography, one can measure the amplitude and phase information of an
ultrasonic field simultaneously. TV holography has been successfully applied to the
investigation of ultrasonic fiedsin clear media and water.®

In this letter, we demonstrate a simple method for mapping the projection of an
ultrasonic fied by using a source-synchronized parallel lock-in detection scheme® The
illuminating light is modulated at the frequency of the ultrasonic field. The pressure and phase
distributions of a 1-MHz and a 3.5-MHz ultrasonic transducer operated in continuous-wave
(cw) mode are obtained by this method. A comparison of the experimental and theoretical
resultsis also provided.

Method

The experimental setup is shown in Fig. 1. The ultrasonic transducer isimmersed in a 10-cm
x 15-cm x 15-cm glass tank containing clear water. A 5-cm thick rubber slab is placed at the
bottom of the tank to prevent reflection of ultrasound from the bottom of the tank. The laser
beam from a diode laser (693 nm, Méelles Griot 561MS667) illuminates the ultrasonic field
after beam expansion. The transmitted light is projected onto the CCD camera (Dalsa CA-D1-
0256T) through an imaging lens. Two function generators (Stanford Research Systems,
DS345) are used to excite the ultrasonic transducer and modulate the diode laser, respectively.
The two function generators share the same time base to ensure synchronization. The function
generators and the CCD camera are controlled by a personal computer. The ultrasonic

Y Correspondence should be addressed to the second author at Tel: (409) 847-9040, Fax: (409) 845-4450, Email:

lwang@tamu.edu
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transducer is mounted on a transation stage which is movable vertically (along the X axis).
By moving the transducer along the X axis, different segments of the ultrasonic field can be

imaged.
PC
|
M|
A 4 X
Function | Function RF
Generator Generator Amplifier
Zz
Q Q, qil
Y
wT T v
A 4 L1
L1
L2 R L3

Fig. 1. Schematic sketch of the experimental setup for the measurement of ultrasonic fieldsin
water. DL: diodelaser; L1, L2, L3: imaging lens; WT: water tank; R: rubber dab;
C: CCD camera; T: ultrasonic transducer.

A coordinate system is setup as shown in Fig. 1. The X axis is on the acoustic axis
pointing to the ultrasonic transducer. The Y axis is perpendicular to both the acoustic and
optical axes. The Z axisis along the optical axis pointing to the CCD camera.

The CCD camera is positioned before the focal plane of the imaging lens. In other
words, we are working in the near-field region. In the Raman-Nath acousto-optic interaction
regime, the near-field light intensity diffracted by an ultrasonic wave with frequency Q is: 8

I(x,y,Z,t) =Cl; %+ Z?Jn[ZUX,y sin(2n7Z)] x cog n(Qt + Dy yt 9)] E , (1)
n=1

where |; is the incident laser intensity, C is a constant, J, is the nth order Bessal function of
the first kind, v 4, and ®,, are respectively the effective Raman-Nath parameter and the
effective phase of the ultrasonic field along the projection path,” ¢ isthe initial phase of the
ultrasonic wave, and Z is anormalized parameter defined as:®

Z =(z-L)xA/(2ngA?) , @)

where L is the interaction length between the ultrasonic field and the light, A ad A are
respectively the optical wavelength and the acoustic wavelength, ng is the refractive index of
the medium. The effective pressure P can be derived from the Raman-Nath parameter as:

S L 3
%Y 21t (an/adp)
where dn/op isthe piezo-optical coefficient of the medium.
The incident laser |; intensity is also modulated at the frequency Q: I} = Igt
locos(Qt). The CCD camera acts as a low-pass filter because of its low running frequency

relative to Q. Considering Ji(x) Ox/2 a small x, the signal detected by the CCD camera can
be written as

Sp (X, y) =<1(x,y,Z,t) >=Clg +Cql quy y COS(Py y +¢) , 4

L37  J. Acoust. Soc. Am. 106(4), Oct 1999 0001-4966/99/106(4)/L36/5/$15.00 (c)1999 Acoustical Society of America  L37
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where <I(x,y,Zt)>; isthetime average of thereceived light intensity in the exposure period of
the CCD camera and C;=Csin(27 2). In the experiment, the phase of the sgnal applied to the
ultrasonic transducer is set sequentialy to 0°, 90°, 180°, 270° relative to the signal applied to
the diode laser. The corresponding four frames of CCD images are acquired to calculate the
amplitude and phase distributions of the ultrasonic field. The pressure-related Raman-Nath
parameterv , and the phase @, , can be obtained as:

1 2 2
Uyy=——(Sv =S o) +(Sor =S , )
X,y 2C1|0\/( 0 180) ( 90 270)
®yy = —tan! Ser ~Sorr ©)
' S.-S
0"~ “180

The Raman-Nath parameter can be converted to effective pressure by Eq. (3) if the piezo-
optical coefficient of the medium is known.

Results and Discussion

In the experiment, a ruler placed on the acoustic axis is imaged by the CCD camera to
calibrate the magnification of the system. Figure 2 shows the ultrasonic field of a 1-MHz
transducer (Panametrics V314-1.0/0.75) operated in cw mode with a focal length of 2.54 cm.
The gray-scale images are obtained by combining three images corresponding to different
ultrasonic-field segments. In the amplitude image, white color refers to the higher intensity
and black color the lower intensity. In the phase image, the phase is wrapped between [Tt

+11].

@) (b) ©

Fig. 2. 2D projection images of a 1-MHz ultrasonic field. (a) Experimental amplitude
image; (b) experimental phaseimage; (c) theoretical amplitude distribution.

Figure 2(@) and 2(b) show the experimentally measured amplitude and phase
distributions, respectively. Figure 2(c) shows the amplitude distribution calculated by the
following equation:

p(r = RSP Dy ™

S

L38  J. Acoust. Soc. Am. 106(4), Oct 1999 0001-4966/99/106(4)/L36/5/$15.00 (c)1999 Acoustical Society of America  L38
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where p(r, t) isthe pressure as a function of the spatia position r and timet, C’ is a constant,
p(s) is the pressure distribution on the surface of the ultrasonic transducer, Q is the angular
frequency of the ultrasonic wave, @ is the phase delay between a point on the transducer
surface and the observation point, and d is the distance between a point on the transducer
surface and the observation point. The integration is over the surface of the transducer.

As shown in Fig. 2, the experimental result and the theoretically modeled result
agree with each other very wdll in the far field. In the near field, the difference is caused by
the projection nature of the experiment. In the projection measurement, the measured
amplitude corresponds to an effective pressure along the optic projection linein the ultrasonic
fidd. More accurate results can be obtained by reconstruction® as in the traditional
tomographic measurements. Figure 3(a) shows the 1D amplitude profiles along the horizontal
direction (Y axis in Fig. 1) at the focus point (2.54 cm) obtained experimentally and
theoretically. The measured FWHM (full width at half maximum) of ~2.1 mm isvery close to
the theoretical value of 2.2 mm. Figure 3(b) shows a plot of the phase along the acoustic axis
of the transducer (X axisin Fig. 1). The measured period of the phase is ~1.43 mm, which is
close to the wavelength of 1-MHz ultrasonic wave in water (1.48 mm).

12 0.6

L I—Theore\ica] rﬁult# [ ® Experimental rgunk 100 (b)

0.5 ]
?, g 050 1
2 0.4 \; _
5 >
£ A
£ 03 £ § 000
g B £
© bt

0.2
E % -050
= b=

0.1

100+
0
0 04 0.8 12 16 2
Lateral Postion (cm) Relative Postion Along Ultrasonic Axis (cm)

Fig. 3. 1D plots of the 1-MHz ultrasonic field.
(a) Amplitude plot along the Y axis; (b) phase plot along the ultrasonic axis.

This method can aso be applied to mapping ultrasonic fields of higher frequencies.
The amplitude and phase distributions of a 3.5-MHz ultrasonic transducer are shown in Fig. 4
to demonstrate this point.

@)

Fig. 4. 2D projection images of a 3.5-MHz ultrasonic field.
(a) Amplitude image; (b) phase image.
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L40

Conclusion

A simple method for investigating the ultrasonic field has been introduced in this letter. This
method is based on a source-synchronized paraléd lock-in detection scheme. The illumination
light is modulated at the same frequency as the ultrasonic transducer and detected by a CCD
camera after passing through the ultrasonic field. The amplitude and phase information can be
measured simultaneoudly. This method can also be extended for tomographic measurements
by rotating the transducer, which will furnish more accurate information. As with all other
projection measurements, the application of this method is limited to weak acousto-optic
interaction in which ray bending is negligible. Further theoretical studies as well as more
accurate experimental calibration will be helpful for quantitative studies of ultrasonic fields
by this method.
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multiplexed lock-in detection," J. Opt. 26, 251-265 (1995).
"B.D. Cook, "Measurement from the optical nearfield of an ultrasonically produced phase grating," J. Acoust.
Soc. Am., 60, 95-99 (1976).
8 E. Blomme and O. Leroy, "Plane-wave analysis of the near field of light diffracted by ultrasound,” J. Acoust.
Soc. Am., 91, 1474-1483 (1992).
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The editorial below, insofar as opinions are expressed, gives the views of the Editor-in-Chief at the time of submission, and they should not be
construed as unchangeable. An ongoing discussion on the future of acoustics, the Society, and the Journal is desired, and readers and members
are invited to submit their own views on any topic of general interest for the publication in the Journal.

Current criteria for selection of articles for publication

Allan D. Pierce
Acoustical Society of America, Office of the Editor-in-Chief, P.O. Box 323, East Sandwich,
Massachusetts 02537

(Received 3 August 1999; accepted for publication 4 August 1999

Principal publication selection criteria currently used by the Editors ofthenalare reviewed and
discussed. Emphasis is given to those criteria that may be less well known and which could be
controversial. One example is the criterion that research papers should represent a significant
advance in our understanding of acoustics. 1@99 Acoustical Society of America.
[S0001-496629)05410-1

PACS numbers: 43.10.GADP]

INTRODUCTION and by prospective authors of papers that discuss practical
In recent years, the instructions that Daniel Martin sen .pplications of acoustics. The discussion here, however, is

to associate editors of this journal included the following imited to research articles. .
sentences: In all such cases, the answers to such questions strongly

depend on the criteria that the editors use in article selection
“The Journal’s continuing growth has made it neces-  and on the success or rigor with which the editors apply such
sary for us to be more selective in article acceptance. criteria. For the most part, these criteria, if in existence, are
Theremustbe significant extension of previous acous- rarely openly publicized, and good arguments can be given
tical knowledge. One “just noticeable difference” is g to why they should not be so publicized. One may argue,
not enough. Articles must be acoustical, or have a for example, that the criteria are invariably subjective and
clearly defined relationship to...acoustics. If your initial  that the actual selection, as borne out by what appears in
judgment is that the manuscript obviously does not print, contains many examples that seem to be strongly at
meet these criteria, you may save reviewer time and yariance with the criteria. Also, there is a possible fear that
effort by returning the paper to the author with thanks  the airing of the criteria will discourage many prospective
but without review.” authors whose work would be at least as worthy of selection
The purposes of the present editorial are to affirm theas a substantial fraction of the articles that have been pub-
present Editor-in-Chief's concurrence with the overall spiritlished in the past. The present writer has considered such
of these remarks, to elaborate on them in some depth, and tesues, and has concluded that the potential good of an open
give an open airing of the criteria that tdeurnalfollows in  discussion of selection criteria outweighs the potential evil.
selecting articles for publication.
In regard to the open airing, the rationale for so doing il HOW MUCH SHOULD JASA PUBLISH?
that readers of this journal may naturally ask as to what The Journal of the Acoustical Society of Ameridaes
criteria have been used in the selection of the articles that ameot publish all of the world’s literature in acoustics, and it
published. Similarly, prospective authors of research papensever will. In the most recent calendar yga©98, JASA
may raise questions such as: published 718 papers, including letters to the editor and tech-
1. How does one choose research topics, the reporting afical notes, but excluding comments and responses to papers
which would be appropriate for publication in a journal suchpreviously published. To put this number of 718 in perspec-
as JASA? tive, one should ask what fraction does it represent of the
2. Given a completed piece of research, what journal oworld’s literature in acoustics. A rough indication of such
other publication outlet would be most appropriate for thecan be determined from the total number of items that are
initial submission for publication? listed in theJournal'sannual listing of contemporary papers
3. Given that theJournal of the Acoustical Society of on acoustics. This is given in part 2 of the August 1998
Americais one of the contemplated answers to the questiofssue. There are 605 pages that list such references, and ap-
above, how does one present the results so that there ispgoximately 29 references per page, yielding an approximate
high likelihood of the written work being selected for publi- total of 17,500 references. Thus JASA publishes approxi-
cation? mately 4% of the world’s literature in acoustics. Most read-
4. Given the large expenditure of time and effort re-ers will nevertheless agree that JASA publishes a much
quired to write a research article, what is the likelihood thatlarger fraction of the world’significantpapers on acoustics,
a suitably directed effort will eventually result in the work although they may possibly not agree on just what consti-
being selected for publication in JASA. tutes a significant paper.
Analogous questions could be asked by prospective authors A more relevant question is just how many papers
of review articles, by prospective authors of tutorial articles,should JASA be publishing per year. It clearly should pub-
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lish no more than the overall income possibiliti@sember-  sociate editors not accept papers unless they were clearly
ship dues, nonmember subscriptions, and subgidiksn. It  acoustical, and the present writer concurs with this.
also should publish enough to achieve a creditable accom- A number of examples are paraphrased here to help au-
plishing of the Acoustical Society’s stated purpose “to in- thors recognize when their papers may not meetctharly
crease and diffuse the knowledge of acoustics and to praacoustical criterion. (Some of these examples crystallized
mote its practical applications.” Another reasonableduring readings of various unpublished writings of Daniel
objective in the present age is that theurnal should be an  Martin.)
instrument for encouragind) the carrying out of significant 1. Useful mathematical techniquegluch acoustical re-
research in acoustic$?) the lucid and concise writing of search makes use of mathematics, and the researchers often
papers that effectively convey significant new ideas and newnave a need for more useful mathematical techniques. How-
research accomplishmen{8) an orderly and scholarly ar- ever, a paper whose sole purpose is to describe such a tech-
chiving of work in acoustics, an@) innovation and profes- nique, especially if there is no mention of actual acoustical
sional excellence in the practical applications of acousticstopics, should not be published in tdeurnal A more ap-
The readers and the members will ideally desire that the sizpropriate place for publication would be in a journal on ap-
of the Journal be constrained by a conscientious attempt toplied mathematics.
publish only those papers that will be read and whose con- 2. Generic signal processingduthors might submit a
tent will be used in either future research or in applicationspaper in which a signal processing procedure is described
The latter arguments strongly dictate that doairnalshould ~ which applies to many different types of fields and signals.
not publish everything that is submitted to it, even if the The procedure draws on no principles which are specific to
economic circumstances would allow it. If it did publish so acoustic fields, and the paper has no examples or applica-
liberally, then insignificant research would be encouragedtions which are unambiguously acoustical. Here a more ap-
sloppy and wordy writing would pervade, and the archivalpropriate place for publication would be a journal on signal
edifice would crumble. processing.

As for a reasonable constraint on the numbers of papers 3. Solution of generic boundary-value probler@rtain
to be published, the present writer suggests the simple ruleartial differential equations, such as the wave equation and
that the number of published papers should be roughly ¢he Helmholtz equation, pertain to many branches of physics,
constant times the number of members of the Acousticadnd are extensively discussed in standard textbooks on ap-
Society of America. Long term data indicate that this crite-plied mathematics. A paper which discusses and sdjwes
rion has been tacitly met over the years, the rate beingumably approximatejya boundary-value problem involv-
roughly one paper every ten years per member. For examplag such a partial differential equation without a strong
in 1960, the number of papers published was 250 and theeference to an acoustical context would also be more appro-
number of members was 2795, yielding 0.089 papers pepriate to a journal on applied mathematics, or perhaps to a
member. In 1998, the corresponding numbers were 718 arjdurnal on numerical methods.
7253, yielding 0.099 papers per membérhe number of 4. Routine use of acoustical instrumentatiofuthors
published pages per member is a slightly different story, asnight submit a paper in which off-the-shelf acoustical instru-
the number of pages per article has increased substantially mentation is being used in a standard manner in research
more recent years, suggesting that the editors may have bewmere the issues and investigated topics are not acoustical.
slack in the encouragement of concise writjng. The subject of the research may be important and the results

The rule just stated is not hard-and-fast, and we shouldnay be significant, but the paper is not clearly acoustical.
not slavishly seek to keep to it. If we did deviate substan- 5. Work more strongly identified with another discipline.
tially from the rule, however, then we should understandMany research topics in acoustics are interdisciplinary, and
why and be able to convince ourselves that the deviation wasome subtasks are carried out where the issues and tech-

a good thing. niques have very little to do per se with the science of sound.
A pertinent question is how much prior knowledge of acous-

Il. THE CLEARLY ACOUSTICAL, NOT SOMETHING tics and related acoustical research did the authors have to

ELSE, CRITERION actually use in carrying out their study. An example where

the clearly acoustical criterion would likely not be met would
(Re the study of the grammatical structure of a spoken lan-
guage; another would be the design of towing hardware for
nderwater acoustic arrays; yet another would be the modi-
ication of musical instruments to make them more conve-

With a limited size of theJournal and given that some
selection is desirable, an obvious criterion is that the subje
matter should be acoustics, rather than something else. Di
ferent people may have different definitions of acoustics;
practical definition, insofar as thé&ournal is concerned, is .
that acoustics includes whatever has been regularly discuss@bent to play.
within its pages and whatever has been regularly discusseﬂ
within the technical sessions at the Society’s semi-annuaI - THE SIGNIFICANT ADVANCE CRITERION
meetings. This goes far beyond the textbook definition of  Daniel Martin’s statement given at the beginning of this
acoustics as the science of sound, but a gray area exists farticle suggests that in previous years the significant advance
papers which are partly or peripherally connected withcriterion either may not have existed or may not have been
acoustics. In other documents that this writer has seeryniversally recognized. What is probably the case is that
Daniel Martin, the recent Editor-in-Chief, requested that aswhether or not the criterion was applied depended critically
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on the reviewers and the editor. What Daniel Martin was
trying to achieve and what the present editorial is also trying
to achieve is to make this criterion more explicit.

One may argue that significance is hard to measure, and

the present writer concurs with this. Few of us who were
around at the times of the birth of the digital computer, the
laser, the transistor, and the integrated circuit could have
fully appreciated the significance of these inventions. Never-
theless, there are many articles submitted and sometimes
published in thelJournal whose lack of substantial signifi- (5)
cance would be clearly recognized by most workers in the
field. It is here that the editors and the reviewers should draw
the line.

At the risk (or perhaps with the hopeof stimulating

some controversy, the present writer lists below some ex-
amples of categories of papers that would possibly be viewed
as lacking substantial significance:

(1)

)

3

(4)

New derivations of known resultén author may dis-
cover a new way of deriving a known mathematical re- 6)
sult in acoustics and decide that it is preferable to the
derivation that was originally published in the literature.
Unless the initial assumptions are less restrictive or the
original derivation was flawed in its logic, the new deri-
vation is more appropriate to a textbook or to a review
article, but not to an article that purports to be reporting
original research.

New computational algorithmén the present era, much

of the published scientific literature is computational in
nature. The old standard division of research into two
parts (experiment and theoyyhas been replaced by a
division into three parts, the third being computation. If
prior literature adequately shows how one can calculate a
result, then the publication of a new algorithm for doing 7)
the same calculatioomay be of questionable signifi-
cance. However, if the authors can demonstrate that the
new algorithm will result in a significantly more efficient
and faster computation, thereby enabling researchers and
practitioners to do such computations on a more routine
basis, then the substantial significance criterion is met.
[An example that comes to mind is the fast-Fourier-
transform (FFT) algorithm, which had enormous influ-
ence on the practical spectrum analysis of sighals.

New computational resultsThe existence of the com-
puter and of generic software has made it possible for
researchers to churn out computational results for cat-
egories of acoustical problems that may be of wide-
spread interest. Nevertheless, if the techniques involved
in doing such calculations are already described in the
literature, the publication of new computational results
for cases similar to those that have already been dealt
with in the prior publications would not normally be
regarded as significant. What might be significant are
results that tend to defy one’s nominal intuitive expecta-
tions. Experimentation via numerical calculation has fre-
qguently led to the discovery of novel phenomena which(8)
in turn has stimulated laboratory or field experiments
and analytical studies.

Confirmation of accepted theonj portion of acoustics
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has reached a maturity where there is a substantial body
of theory which has been well-confirmed by experiment
and which is accepted without much reservation by the
workers in the field. A new paper reporting new experi-
ments for a case that is covered by such theory and
which reaffirms that the theory adequately agrees with
the data would hold no surprises, and one might well
argue that the significance of the paper is below the
threshold for publication in JASA.

Slight variations on previously reported experimems.
new paper is submitted reporting experiments which dif-
fer only slightly in terms of circumstances, parameters,
or subjects from an experiment previously reported in
the literature. Unless the results of the new paper are at
considerable variance with the results of the previously
reported paper, it would be argued that the substantial
significance criterion is not met. Perhaps the paper
should be published somewhere, if only to archive the
results, but it should not be published in JASA.

New wrinkles on old theory or on old simulatiortsx-
isting theory and simulations based on such theory in-
variably are for restricted or simplified cases. A new
paper which extends or modifies the theory to remove
the restrictions risks being of small significance. The au-
thors would have to demonstrate that the modifications
make a substantial difference on the predictions for cases
that are of common interest. If the modifications do
make a large difference for some circumstances, then the
authors would have to effectively argue that such cir-
cumstances are of existing or potential interest to the
acoustical community. Simply confirming that the modi-
fications make little practical difference on the results
would not meet the substantial significance criterion.
Routine solution of new problemslot every conceiv-
able problem in acoustics has been solved, and many
which have been solved have not been reported in the
literature. However, if a substantial fraction of the acous-
tical community could solve such a problem in a routine
fashion without having to exercise any unusual ingenu-
ity, then the substantial significance criterion would or-
dinarily not be met. An exception would be if the results
were surprisingly at variance with what one’s intuition
would expect. An author might argue that the publication
of the solution would possibly save future researchers
the effort of redoing it. However, in many such cases,
the existence of the published solution may be suffi-
ciently hard to find or the write-up may be such that the
details are sufficiently hard to follow that subsequent
workers may find it more convenient simply to work it
out for themselves from scratch. A relevant question is
that, if a competent acoustician were to need the result in
a hurry for a specific application, would such a person
seek to find the result in the literature or to work it out
directly. (The latter might possibly be more fun and
more professionally rewarding.

Unrealistic problemsOccasionally one encounters a pa-
per in which the authors develop a new theory or present
computational results for circumstances that are not
known to exist in nature or in practice. The paper might
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begin, for example, with a postulated model of a materiaDuplicate publication of material that has been published in
that corresponds to no existing material, and then proanother archival journal is clearly not appropriate. Original-
ceeds to derive acoustical consequences that are apprity insofar as journal publication is concerned is not lost if
priate to that hypothetical material. Possibly, the modelhe author has sent out preprints of the paper to colleagues,
is being introduced with the thought of its being testedor if the paper has been issued as an internal report, or if the
by some existing or imminent experiment or with the preprint has been posted on an author’s personal World Wide
thought of its being realized by an experimental fabrica-Web site. Publication of a lesser archival nature such as in
tion in the laboratory. Alternately, the model might be conference proceedings is a gray area, and the present writer
considered because it captures salient features of an ais reluctant to suggest hard and fast rules for such cases.
tual material for which the theoretical analysis is pro- Frequently, authors present “works in progress” at confer-
hibitively difficult. If the authors can give effective ar- ences whose organizers require written papers for the pub-
guments along such lines, then the substantiallyished proceedings of the conference. However, the proceed-
significant criterion might be met. However, if the paperings may have very little circulation and may be inaccessible
only asks “what if” and then reports the results, without to the broader acoustical research community. If the work is
giving any realistic reason as to why the question shouldewritten with additional results and a greatly improved pre-
have been asked, then the criterion is not met. sentation of those results, and with a fresh title and abstract,
(9) Results of severely limited generalith. paper might the judgment of the editors may sometimes be that the crite-
deal with a set of circumstances that are so specific thaion of originality is met. In all such cases, however, it is
it is unlikely that they would be encountered by others inexpected that the authors, at the time of submission, will give
applications of interest. Unless the research has been caa-full disclosure of the existence of prior publication and of
ried out so that the results either apply to or are generhow the present submission differs from what has been pub-
alizable to a broad range of circumstances, encompass$ished before. Not doing so would be viewed as unethical.
ing those of likely interest to others, the significance of
the paper would be slight.

IV. THE ORIGINALITY CRITERION V. CONCLUDING REMARKS

For the most part, other criteria that tdeurnal applies Good research and the writing of good articles that re-
in the selection of manuscripts need little discussion. Probport one’s research is intrinsically difficult, but both of these
lems with writing, organization, conciseness, and completeendeavors can be satisfying ways of spending one’s time.
ness can usually be rectified by authors after such problemBhere are many possible intangible rewards, but perhaps the
have been pointed out to theflout papers having excessive one that we treasure the most is that of achieving excellence.
problems may be returned directly to the authors withoutOne wants to do excellent research and one wants to write
much comment However, there is one other criterion that excellent papers. Théournal with the criteria stated above,
can lead to misinterpretation and to controversy, this beinghould be viewed as a stimulus and as an instrument for the
the criterion of originality. TheJournal will not publish any  achieving of such excellence.
paper which is identical to or substantially the same as a The Journal of the Acoustical Society of Ameribas
paper that has been previously published. Authors sometimdsng been the world’'s largest and most prestigious journal
will submit papers giving results which they believe arefor acoustics research. There are nevertheless journals asso-
genuinely original. The work may be so out of the main-ciated with other fields which many might argue are more
stream of current research that the editors and the reviewepsestigious than is JASA. Perhaps this is not so, but it should
cannot affirm without considerable effort that substantiallybe a matter of concern to those who regard acoustics as a
similar work has not been done and repor&@dome timén  major part of their professional life. It is natural for all of us
the archival literature. One cannot expect the editors and thetho work in acoustics to take some pride in our profession.
reviewers to do an extensive literature search, especially ¥Ve wantour journal to be excellent and to be preceived as
the work is of such a classical nature that it could have easilguch by others outside our discipline as excellent. We want
been done by Lord Rayleigh or by one of his contemporariesthose who are stimulated to write for JASA to continue to be
The criterion that is tacitly applied in such cases is that theso stimulated and we do not want them to be discouraged by
authors should tangibly demonstrate by way of the discusthe Journals aspirations for a higher degree of excellence.
sion and of the citing of related literature that they have dondRather, we encourage them to join in what is in reality a
a conscientious and thorough search of all likely sources. Aarge common endeavor with each of us prodding, pulling,
paper which cites only standard textbooks and a few periphand cheering the others along. We want others of kindred
eral references but which purports to present original work oBpirit to join us, we want them to also write excellent papers,
a classical nature is automatically suspect, and the editand we want them to submit such papersto journal. And
may appropriately send the manuscript back to the authoof course, with theJournal as an integral part of our com-
stating that the assertion of originality is insufficiently sup- mon enterprise, we want to pursue, with an ever-increasing
ported by the authors’ manuscript. commitment to excellence, the ASA’s enduring purpdse:

Special problems arise when the work has been previincrease and diffuse the knowledge of acoustics and to pro-
ously reported in whole or in part by the authors themselvesmote its practical applications
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ACOUSTICAL NEWS—INTERNATIONAL

Walter G. Mayer
Physics Department, Georgetown University, Washington, DC 20057

Silver Jubilee—India

The year 1999 marks the Silver Jubilee of the Ultrasonics Society ofig—21
India. In order to celebrate the anniversary the society, in cooperation with
the National Physical Laboratory, is organizing the Third International Con-
ference and Exhibition on Ultrasoni¢kCEU-99) to be held in New Delhi 24-26
2—-4 December 1999. This year also marks the birth centenary of the founder
and first director of the National Physical Laboratory, K. S. Krishnan.

The previous conferences were held 1980 and 1990, and like these
conferences, the 1999 meeting will provide a forum for scientists and techbecember 1999
nologists working in the area of ultrasonics. 2-4

Further information about ICEU-99 is available from Janardan Singh,

Head of the Ultrasonics Group, NPL, Dr. K. S. Krishnan Road, New Delhi-
110012, India.

Papers published in JASJ (E) 15-17
A listing of Invited Papers and Regular Papers appearing in the latest
issue of the English language version of tfraurnal of the Acoustical Soci-
ety of JapanJASJE), was published for the first time in the January 1995
issue of the Journal. This listing is continued below.
The August issue of JA®H), Vol. 20, No. 4 (1999 contains the
following contributions:

February 2000
17-18

R. Makarewicz, J. Koga, and S. Tonda, “Ground effects on railway bridge

noise”

E. B. Skrodzka, “An influence of an enclosure on modal behavior of loud-

speakers” _ _ o March 2000
I. Kinoshita and S. Aoki, “Representation of sound localization transfer 15_47
function and psychoacoustical evaluation”

K. P. Markov and S. Nakagawa, “Integrating pitch and LPC-residual infor-
mation with LPC-cepstrum for text-independent speaker recognition”

S. Emura and M. Miyoshi, “Precise estimation of multiple transmission
paths in acoustic system”

Y. Shimada, Y. Nishimura, T. Usagawa, and M. Ebeta, “Active control for
periodic noise with variable fundamental extended DXHS algorithm with 5q_5,4
frequency tracking ability”

P.-K. Choi, T. Ezawa, and G. Kudoh, “Acoustic nonlinearity parameter
measurement using optical beam deflection by ultrasonic waves”

19-22

April 2000
International Meetings Calendar 3-4
Below are announcements of meetings to be held abroad. Entries pre-
ceded by ar+ are new or updated listings with full contact addresses given
in parenthesedVlonth/yearlistings following other entries refer to meeting May 2000
announcements, with full contact addresses, which were published in previt7-19
ous issues of thdournal.

October 1999 23-26
9-10 INCE/Japan Annual Meeting, Tokyo. (Fax: +81 42

327 3847 8/99
18-19 Acoustics Week in Canada Victoria. (Fax: +1 250

472 4100; e-mail: sdosso@uvic)c&99 24-26
20-22 Iberian Meeting of the Spanish and the Portuguese

Acoustical Societies Avila. (Fax: +34 91 411 7651;

e-mail: ssantiago@fresno.csig.d2/98
22-24 *1999 Auditorium Acoustics Conference Manches-

ter, UK. (Institute of Acoustics, 77A St. Peter’s Street,

St. Albans, Herts AL1 3BN, UK; Fax:+44 1727 850

553; e-mail: ioa@ioa.org.uk June 2000
28-29 Swiss Acoustical Society Fall Meeting Biel. (Fax: 5-9

+41 1 823 4793; e-mail: beat.hohmann@compuserve
.com) 6/99
6-9
November 1999

17-18 Institute of Acoustics (UK) Autumn Conference on

Environmental Noise, Stratford upon Avon(Fax: +44
1727 850 553; e-mail: acoustics@clusl.ulcc.ac8/f9
Reproduced Sound 15 Stratford upon Avon.(Fax:
+44 1727 850 553; e-mail: acoustics@clusl.ulcc.agc.uk
8/99

Australian Acoustical Society Conference Mel-
bourne. (Fax: +61 3 9720 6952; e-mail:
acousticdes@bigpond.c9ré/99

*International Conference and Exhibition on Ultra-
sonics New Delhi, India.(J. Singh, Ultrasonics Group,
National Physical Laboratory, New Delhi-110 012,
India; Fax: +91 111 575 2678; e-mail:
iceau99@csnpl.ren.nic)in

*International Conference on Stochastic Volume
and Surface Scattering Cambridge, UK (Institute of
Acoustics, 77A St. Peter's Street, St. Albans, Herts
AL1 3BN, UK; Fax: +44 1727 850 553; e-mail:
ioa@ioa.org.uk

*Measuring Noise Outdoors Home Counties Venue,
UK. (Institute of Acoustics, 77A St. Peter’s Street, St.
Albans, Herts AL1 3BN, UK; Fax:+44 1727 850 553;
e-mail: ioa@ioa.org.uk

Acoustical Society of Japan Spring Meeting Tokyo.
(Fax:+81 33379 1456; e-mail: kym05145@nifty.ng.jp
8/99

*25th International Acoustical Imaging Symposium
Bristol, UK. (25th IAIS, Medical Physics and Bioengi-
neering Department, Bristol General Hospital, Bristol
BS1 6SY, UK; Web: www.bris.ac.uk\depts\medphys
Meeting of the German Acoustical Societf DAGA),
Oldenburg. (Fax: +49 441 798 3698; e-mail:
dega@aku.physik.uni-oldenburg)de)/98

Structural Acoustics 200Q Zakopane, PolandFax:
+48 12 423 3163; Web: www.cyf-kr.edu.pl/ghpanusz
8/99

9th International Meeting on Low Frequency Noise
and Vibration, Aalborg. (Fax: +44 1277 223 458
6/99

*Meeting of the Russian Acoustical Society Mos-
cow, Russia.(N. N. Andrejev Acoustical Institute, 4
Shvernika ul., Moscow 117036, Russia; Faix7 095
126 8411; e-mail: ras@akinu

*Joint International Symposium on Noise Control &
Acoustics for Educational Buildings (24—25 May
and 5th Turkish National Congress on Acoustics
(25-26 May, Istanbul, Turkey.(Turkish Acoustical
Society YTUMIm. Fak., 80750 Besiktas-Istanbul, Tur-
key; Fax:+90 212 261 0549; Web: www.takder.grg

International Conference on Acoustics, Speech and
Signal ProcessingICASSP-2000, Istanbul.(Fax: +1
410 455 3969; Web: icassp2000.sdsu)esi®9

5th International Symposium on Transport Noise
and Vibration, St. PetersburgFax: +7 812 127 9323;
e-mail: noise@mail.rcom.j6/99
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14-17

July 2000
4-7

August 2000
28-30

31-2

September 2000
3-6

17-21

October 2000
3-5

*IUTAM Symposium on Mechanical Waves for
Composite Structures Characterization Chania,
Crete, Greece.(IUTAM 2000, Applied Mechanics
Laboratory, Technical University of Crete, Chania
73100, Greece; Fax:+30 821 37438; Web:
www.tuc.gr/iutam

7th International Congress on Sound and Vibration
Garmisch-Partenkirchen(Fax: +49 531 295 2320;
Web: www.iiav.org/icsv7.html12/98

INTER-NOISE 2000, Nice. (Fax: +33 1 47 88 90 60;
Web: www.inrets.fr/services/manit/99

International Conference on Noise & Vibration Pre-
Design and Characterization Using Energy Methods
(NOVEM), Lyon. (Fax: +33 4 72 43 87 12; Web:
www.insa-lyon.fr/laboratoires/lva.htin6/99

5th French Congress on Acoustics—Joint Meeting of
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ERIC E. UNGAR, Acentech Incorporated, Cambridge, Massachusetts 02138

ROBERT C. WAAG, University of Rochester, Rochester, New York 14642

5,719,823 5,724,305

43.25.L) GROUND PENETRATING SONAR 43.30.Xm APPARATUS FOR ACOUSTIC NEAR
. . FIELD SCANNING USING CONFORMAL ARRAYAL
R. L. Earp, assignor to Lucent Teghnologles, Inc.
17 February 1998(Class 367/9% filed 14 February 1997 J. A. Clark et al, assignors to the United States of America

A ground-penetrating acoustic echo sounding device, for locating un- 3 March 1998 (Class 367/13, filed 30 June 1995
derground structures such as pipes, consists of a transducer which is excited Various movable sets of hvdrophones for scanning the acoustic near-
at two frequencies that are generated by modulating some carrier frequencP/ orny P . 9
signal, e.g., 100 kHz, wita 5 kHzsignal so as to create both 95 kHz and field of large, submerged, vibrating structures are discussed.—WT
105 kHz signals. These latter two signals then excite the transducer, and the
resultant high amplitude sound waves interact parametrically in a nonlinear
waveguide made of silastic rubber, whose length is about one wavelength at
these frequencies. This creates a low frequency, i.e., 10 kHz, narrow beam
of energy that can be directed into the ground. This low frequency beam
suffers much less attenuation while propagating through the medium than 5,602,801

would the original carrier or the modulated signals and, of course, much less )
attenuation than the 200 kHz sum frequency signal which is also generated3.30.Yj] UNDERWATER VEHICLE SONAR SYSTEM

by the nonlinear interaction.—WT WITH EXTENDABLE ARRAY

F. Nussbaum and C. H. Beauchamp, assignors to the United States
5,717,657 of America
11 February 1997(Class 367/16% filed 6 December 1995
43.30.Nb ACOUSTICAL CAVITATION SUPPRESSOR The effective acoustic aperture of an underwater, cylindrically shaped,

FOR FLOW FIELDS vehicle, viz., a torpedo, is increased by mounting a set of transducers on a
. ) . series of arms that lie in longitudinal conformal channels positioned around

A. A. Ruffa, assignor to the Unlte.d‘States of America the vehicle outer circumference. These arms are hinged and can be deployed
10 February 1998(Class 367/13) filed 24 June 1996 radially outward from the vehicle axis like spokes of a wheel to create a
A set of sensor elements 13 is mounted on the inside surface of sonaelatively large diameter planar array. In the retracted positions, these addi-

dome 11. Located aft of the sensor elements, at the approximate low pregonal transducers provide side-looking capability with 360 degree circum-

sure region of the flow around the dome, is a set of high power, highterential coverage. —WT

frequency, acoustic source transducers 15, which are typically a piston-type

transducer 18 surrounded by some baffle structure 16. When the sensors 13

detect high-level broadband noise characteristic of cavitation, the controllers

17 and amplifier 19 generate a high-amplitude, high-frequency, short dura-

tion, pulsed(300-500 kHz signal to excite the source transducer 15. The

10 5,719,824
16 /

43.30.Yj TRANSDUCER ASSEMBLY WITH
ACOUSTIC DAMPING

S. G. Boucher, assignor to Airmar Technology Corp.
17 February 1998(Class 367/17% filed 7 May 1996

A hull-mounted ultrasonic sonar transducer, which is designed to be
insensitive to the flow noise associated with high-speed water flow over its
housing, is described. The active element is a conventional piezoceramic
disc mounted within a urethane-filled cavity of a housing fashioned from a
thermoplastic material. One thin face of the housing serves as the acoustic
window. The piezoceramic disc is surrounded on all but one face by an
electrostatic shield. All but this active face of the piezoceramic disc and all
surfaces of the electrostatic shield are covered with low impedance material

16 such as neoprene foam or Corprene, the purpose of which is to acoustically
resultant acoustic waves are intended to increase the cavitation threshold $iield the active element from responding to extraneous acoustic energy
the flow field.—WT incident upon it from directions other than that of the active face. —WT
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5,595,243 transducer is excited at the length mode resonance frequency, the mem-

branes 51 deflect in phase with one another, but not necessarily with the

43.35.Zc ACOUSTIC WELL CLEANER same amplitude, and in phase opposition to the displacement of the inter-

stices 32. This variation of the amplitude of displacement across the radiat-

V. E. Maki, Jr. and M. M. Sharma, assignors to the University of ing face can presumably be adjusted, by the choice of the sizes of grooves
Texas 33 and hence the resonance frequencies of the membranes 51, to achieve a

21 January 1997(Class 166/177. filed 10 October 1995 desirable beam pattern. In the case of pulsed excitation, damping material 6

Lo ) . . is placed at the bottom of the grooves to minimize ringing.—WT
A cylindrical shaped array of conventional tonpilz-type transducers is P 9 ging

lowered into an oil well hole. The high intensity acoustic field generated
when these transducers are excited helps unplug the pores of the walls of the
well hole that have become clogged with various sediments, thereby increas-

ing the oil flow.—WT 5,745,438

43.38.Bs ELECTROSTATIC TRANSDUCER AND
METHOD FOR MANUFACTURING SAME

J. A. Hill and A. R. H. Goodwin, assignors to Gas Research

5 726.952 Institute
' ' 28 April 1998 (Class 367/18Y; filed 31 January 1997
43.38.Ar SOUND OR ULTRASOUND SENSOR The design and construction of two electrostatic transducers suited for

B use in extreme temperature and/or extreme pressure environments, and
M. Eckert and K. Flogel, assignors to Endress Hauser GmbH,  which should not experience polymer diaphragm degradation or decompo-
Germany sition, are discussed.—WT
10 March 1998 (Class 367/14p filed in Germany 18 May 1996

A tonpilz-type transducer, shown in cross section, has a series of con-
centric grooves or cavities 33 cut into the front face of its conical shaped
radiating head mass (@ spite of the title, the primary discussion concerns 5,724,315
the use of the transducer as a sowrg@ais face is then covered with a metal
disc 5 which is rigidly attached to the interstices 32 creating a set of con43.38.Fx OMNIDIRECTIONAL ULTRASONIC
centric annular membranes 51 with clamped boundary conditions, each )| CROPROBE HYDROPHONE
whose lowest resonance frequency is higher than the lowest fundamental
length mode resonance frequency of the entire transducer. Hence when the 1. B. Moffett et al, assignors to the United States of America
3 March 1998 (Class 367/158 filed 29 May 1996

A very small hydrophone, designed for use up to 10 MHz, is realized
32 by depositing layers of PZT, containing numerous, internal, parallel,
12 ‘s’u‘mvm ‘\;m SRS NS &\\\;y 13 column-shaped air void_s, onto both faces of a substrate member \(vhich
{513 33 5§ 132 . § serves as both mechanical support and an electrode surface. The voids are
J created by a constrained densification process during sintering. The voids
L i ensure that the lateral stresses within the PZT are small compared to those in
the thickness direction so that the desirable 3-3 mode of electromechanical
coupling is dominant. A suitable waterproof encapsulant is applied to the
assembly. Variations of this design are discussed.—WT

51 51 51 51 51 5
\ ) Y 1 \

34

5 5,748,566
¢ 12a 43.38.Fx ULTRASONIC TRANSDUCER
u 0 A | )

J. M. Goodson, assignor to Crest Ultrasonic Corp.
5 May 1998(Class 367/158 filed 9 May 1996

The design of a basic longitudinal vibrator, with a piezoceramic motor
section, is modified to include an additional member of metal or ceramic,
denoted a resonance enhancing disc, which is inserted between the motor
... section and the head mass. It is alleged that this additional member increases

12b the intensity of the response at resonat@ewell as shifting the resonance
) 7/ frequencies and results in a more stable, i.e., temperature invariant,

| - 21 response.—WT

[ | L | 5,816,289

43.50.Gf DEVICE FOR DAMPENING VIBRATION
AND NOISE IN HYDRAULIC INSTALLATIONS

32 5132 51 51 12 5 Alfons Knapp, assignor to Masco Corporation
\ / ; 6 October 1998(Class 137/625.1) filed in Italy 22 June 1993
7 77 v

7~ The device described in this patent has the purpose of suppressing the
noise and vibration produced by water flow through faucets, mixing valves,

and the like. The device consists in essence of a flexible eleteemt of
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rubbe) that includes an air pocket. It is intended to be placed in an area 5,821,472
where it is in contact with the water, but out of the direct flow stream. It may

be embodied, for example, in the shape of a thick washer or of a cylindrica3.50.Nm SUPERSONIC AIRCRAFT EXHAUST

liner located within a faucet body or in a separate cartridge.—EEU NOISE SUPPRESSION SYSTEM
Gregory R. Zwernemann, assignor to Northrop Grumman
Corporation
13 October 1998(Class 181/21}; filed 21 August 1997
5,821,473 A noise suppression system for jet engine exhaust is described in
which the exhaust gas flows through plates containing many small openings,
43.50.Gf SILENCER AND A METHOD FOR thus forming a multitude of smaller jets and shifting the noise to a higher
FORMING AND ATTACHING A SILENCER TO A frequency which is more readily absorbed by the atmosphere. The openings

in the plates may be narrow slots, round holes, or nozzles. A similar system
is described for reducing the noise from the flow of ambient air which is
entrained in the exhaust. Various geometrical arrangements are described
which enable the suppression system to be deployed only when needed,
such as on landing or takeoff.—KPS

BLOWER PIPE

Kazunori Takahashi, assignor to Kioritz Corporation, Tokyo
13 October 1998(Class 181/22% filed in Japan 1 July 1996

A silencer for particular application to leaf blowers is described which
consists of a perforated inner pipe and sound absorbing material between
this inner pipe and the blowéexhaus pipe. In order to reduce the cost and
complexity of manufacture, a clever system which relies on flexible plates
forming the inner pipe is described which eliminates the need for

fasteners.—KPS 5,817,021

43.80.Qf THERAPY APPARATUS FOR TREATING
CONDITIONS OF THE HEART AND HEART
PROXIMATE VESSELS

5,821,474 i : . .
Helmut Reichenberger, assignor to Siemens Aktiegnesellschaft
43.50.Gf MUFFLER WITH VARIABLE DAMPING 6 October 1998(Class 600/439 filed 22 March 1994
CHARACTERISTICS This apparatus produces ultrasonic waves with an intensity that causes

necrosis. The transducers that produce the high intensity ultrasonic waves
Thomas Olszok et al, assignors to Heinrich Gillet Gmbh and are located in a transesophogeal probe and in a probe applied subcostially or
Company, Germany

13 October 1998(Class 181/25% filed in Germany 2 November ADJUSTMENTUNIT o UNiT
1995 ({
This patent relates to a muffler that incorporates a valve which alters
the flow path of exhaust gases. The opening or closing is typically controlled
by the difference in pressure between ambient and that inside the mufflel THERA-
such that the valve is closed when the vehicle is coasting. This patent de: ULTRA- EE%:':
scribes an actuating mechanism that can incorporate a number of variable SOUND SOUND
into the valve operation. It consists of several chambers, diaphragms, anc APT%‘-F'{%A‘ TRANSD.
control pressure lines, and is able to vary the muffler performance charac- | |
teristics by opening and closing various valves based upon operating condi DIAG-
tions such as engine air intake pressure, muffler pressure, and barometri —\ﬁE’TSF&C
pressure. Several geometrical arrangements with various numbers of chan SOUND'
bers and diaphragms are described.—KPS TRANSD.
™
THERA-
DuRh:\l’TE PEUTIC
[~ A<
CARD- ESOPHAGUS gl(f)IJFI:D
5,821,475 OGRAPHY A ADJUSTMENT UNIT TRANSD.
DEVICE )
43.50.Gf VENTURI MUFFLER WITH VARIABLE CONTROLUNIT m to2
THROAT AREA —
MONITOR ~ (5
Clyde A. Morehead and John W. Henry, assignors to the United =23 DRIVEUNIT
States of America @ ° (025
13 October 1998(Class 181/25% filed 8 May 1996 ° 4
A muffler to attenuate low frequency noise generated at the gas intake M2 . to3
of compressors and internal combustion engines is described in which one¢
or more venturi nozzles are connected to a chamber which is in turn con- 2‘% CONTROL & IMAGE-
nected to the engine intake. Methods to adjust the venturi throat areas ar L i 35 |CENERATINGELECTRONICS
described for both circular and rectangular cross sections. The throat area i TE==C
sized to increase the average flow speed to between about 0.7 and 1.0 of tf EVALUTION / ’

sound speed, and the chamber is sized to be greater than the volume of one ELECTRONICS
engine intake cycle. Arrangements of multiple venturi nozzles that can béransthoracically. A diagnostic ultrasound imaging unit is included in the
selectively activated are described. —KPS apparatus.—RCW
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5,817,024 5,820,554

43.80.Vj HAND-HELD ULTRASONIC DIAGNOSTIC 43.80.Vj ULTRASOUND BIOPSY NEEDLE
INSTRUMENT WITH DIGITAL BEAMFORMER

Richard E. Davis and Garey L. McLellan, assignors to Medtronic,

William R. Ogle et al, assignors to SonoSight, Inc. Inc. ]
6 October 1998(Class 600/44Y: filed 27 May 1997 13 October 1998(Class 600/43}; filed 24 March 1997
This ultrasonic instrument produces both b-scan and bloodflow im- The stylet in the tubular cannula of this needle has grooves to enhance

ages. A digital beamformer that forms ultrasonic scan lines from echo sigechogenicity for visualization of the needle in an ultrasonic image.—RCW
nals at the elements is contained in the enclosure. Images produced by the

30 a0 50
T/RASIC /

m FE ASIC DSPASIC
TGC WF SYNTHETIC
] @ - APERTURE
L] Bis=alt
COMPOUNDING
M =
TRANSMIT & l COLOR POWEHl
|><] [ TMING GONTROL | ANGIO

t

5,820,564

!ﬁ—" 43.80.Vji METHOD AND APPARATUS FOR
lecPRocessen SURFACE ULTRASOUND IMAGING

r _
2"/ PROGRAM VIDEO i
Michael H. Slayton, Young-Kwan Cho, and Peter G. Barthe,
70
52

y assignors to Albatross Technologies, Inc. and Medison, Co., Ltd.

60
2z 500 54 13 October 1998(Class 600/459 filed 16 December 1996
\ USERCONTROL| 36 . In this method and apparatus, ultrasonic beams from a probe are dif-
DISPLAY

T
T

POWER SUB SYSTEM O fused perpendicular to a scanning direction and thereby permit an ultrasonic
BATTERY MANAGEMENT 0 PoMCiA . . .
INTERFACE image of a surface perpendicular to the scan plane to be produced while
other ultrasonic beams are focused to permit formation of a conventional
instrument that is implemented with application specific integrated circuitsb-scan image. The probe utilizes a so-called 1.5-D array or a 2-D array.
(ASIC’s) are viewed either on a standard monitor or a liquid crystal Conventional ultrasonic imaging apparatus and processing can be used.—
display.—RCW RCW
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The precedence effect

Ruth Y. Litovsky? and H. Steven Colburn
Hearing Research Center and Department of Biomedical Engineering, Boston University, Boston,
Massachusetts 02215

William A. Yost and Sandra J. Guzman
Parmly Hearing Institute, Loyola University Chicago, Chicago, lllinois 60201

(Received 20 April 1998; revised 9 April 1999; accepted 23 June )1999

In a reverberant environment, sounds reach the ears through several paths. Although the direct
sound is followed by multiple reflections, which would be audible in isolation, the first-arriving
wavefront dominates many aspects of perception. The “precedence effect” refers to a group of
phenomena that are thought to be involved in resolving competition for perception and localization
between a direct sound and a reflection. This article is divided into five major sections. First, it
begins with a review of recent work on psychoacoustics, which divides the phenomena into
measurements of fusion, localization dominance, and discrimination suppression. Second, buildup
of precedence and breakdown of precedence are discussed. Third measurements in several animal
species, developmental changes in humans, and animal studies are described. Fourth, recent
physiological measurements that might be helpful in providing a fuller understanding of precedence
effects are reviewed. Fifth, a number of psychophysical models are described which illustrate
fundamentally different approaches and have distinct advantages and disadvantages. The purpose of
this review is to provide a framework within which to describe the effects of precedence and to help

in the integration of data from both psychophysical and physiological experiments. It is probably
only through the combined efforts of these fields that a full theory of precedence will evolve and
useful models will be developed. @999 Acoustical Society of America.

[S0001-496609)01910-4

PACS numbers: 43.10.Ln, 43.71.An, 43.71BYDP]

INTRODUCTION clutter of information, we can localize sound sources and
identify their meaning fairly accurately. Figure 1 illustrates a
This paper reviews recent work and current thinkingrecording of a source click and its reflections. The recording
about a group of auditory phenomena that are thought tvas made in a “typical” classroom(approximately 6
account for listeners’ abilities to function in reverberant x 11 m). The sound sourcéS) was a brief click delivered 1.3
spaces, and that for historical reasons have been attributed o in front of a blackboard and the recording measurement
the “precedence effect.” The most extensive review to datevas made 4 ft in front of the source. Three reflections can be
on this topic is in Blauert’s classic book on spatial hearingidentified and these are label&d, R2, andR3. They occur
which was just recently expanded and reprint@fiauert,  approximately 8, 8.5, and 10 ms after the direct click and are
1997. Blauert reviews the classic data on precedence up tattenuated relative to the source. For example, the first re-
about 1982, and then in a newly added chapter he reviewiection occurs about 8 ms after the source and its level is
some of the recent work on the buildup phenomefwhich  attenuated by about 9.5 dB from the level of the source click.
is covered in Sec. Il of this paperZurek (1987 also pro-  These reflections are sometimes referred to as “early reflec-
vides a review of the work through the mid-1980s, and retions” to differentiate them from the total reverberation cre-
lated chapters can be found in a recent book edited by Gilkejted by the interaction of all the reflectiofise., the total
and Andersor{1997. In recent years there has been a resuracoustic clutter produced by a sound in a reflective environ-
gence of interest in the precedence effect by psychoacoustnend. In general, a reflection is an attenuated, sometimes
cians and physiologists, and a new body of literature hagpatially separated, delayed and coherent copy of the origi-
been produced which has led us, and many others, to rewating sound.
evaluate our assumptions about the auditory and neural As a simplification of a natural situation, consider an
mechanisms involved. This review is our attempt to encomarrangement of two loudspeakers in an anechoic room such
pass all of these topics, especially those that have been stughat the speakers are equally distant, and stimulated by iden-
ied since the mid-1980s. tical sounds such that the onset of one sound is delayed
When a sound is produced in a reverberent environmentglative to the onset of the other sound. This can be consid-
it propagates in multiple directions and is subsequently reered a model of a direct sourithe lead with a single re-
flected from nearby surfaces. The auditory system is thuflection (the lag. This situation for click stimuli is shown in
faced with resolving competition between the first sound andrig. 2(A), and an idealized sketch of the perceived loca-
its reflections for perception and localization. Despite thistion(s) of the imagés) as a function of the lead—lag delay is
shown in Fig. ZB). The lead is at 45° to the right, and the lag
dAddress for correspondence: Boston University, Biomedical EngineeringiS at 45° to the left. When the delay is zero and the speakers
44 Cummington St., Boston, MA 02215; electronic mail: litovsky@bu.edu are stimulated equally, the stimuli to the two ears of the
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0025 speaker position, as one would expect for sequential, well-

oon| S separated stimuli.
\ 9.5dB This idealized situation can be used to provide the vo-

o 00151 cabulary used to describe these phenomena in general.
2 oot “Summing localization” refers to a delay0—1 mg when
S R1 R2
a //R3 the sounds from the lead and lag sources are perceptually
é 00059 e fused and when both the lead and lag contribute to the per-

0.000 ceived direction of the fused image.g., de Boer, 1940;

Warncke, 1941; for review see Blauert, 1997, pp. 2043206
Note that the simplest case of summing localization, as illus-
: , : : : : : trated in Fig. 2B), assumes no temporal overlap between the
5 10 15 20 25 30 35 40 direct and reflected signals and the perceived location is an

Time (msec) average_of _the two dir_ection_s. In_ cases wh_ere the stimuli

overlap in time, perceived direction is mediated by more

FIG. 1. The recording of the response to ad®electrical pulse in a college  complex averaging that include the amplitudes and phases of
classroom that was approximately@1 m in size. The source of the tran- the summed wave forms.

sient was placed 1.3 m in'front of a blackbogrd attached to the front of t_he As the delays are increased beyond 1 ms several obser-
classroom and the recording was made 4 ft in front of the source. The first ) ) .
40 ms of the recording shows the direct cli(® and several early reflec- Vations can be made. At relatively short deldgygpically in
tions labeled aR1, R2, andR3. These reflections stand out from the overall the range of 1 to 5 ms, or more, depending on the stimulus
reverberation. wave form and room acousticthe two sounds remain per-
ceptually fused, hence we refer to this percept as “fusion.”
listener are approximately equal and a sin@lised image is  As the delay increases, the lagging source becomes audible
perceived in the plane of symmetry, approximately straighits a separate auditory event; this perceptual boundary be-
ahead of the listener. As the delay increases, the fused imad@een “one fused sound” and “two separate sounds” is
moves toward the direction of the lead speaker, reaching thisften referred to as the echo threshold. Blay&&97) em-
direction after about a millisecond. For delays between abouthasizes this definition for two spatially separated sources.
1 and 5 ms, the image is still unitajused and remains We emphasize the fact that echo threshold is not the
located in the direction of the leading speaker. Finally, forthreshold of detectability of the lag; lead—lag sounds and
large delays, the image breaks into two images, one at eadbad-only sounds can be distinguished easily based on over-
all sound quality(e.g., Blauert, 1997 The echo threshold
estimates the delay at which the fused image perceptually

-0.005

-0.010

Fusion and L . . o . .
Localization Dominance splits into two images. This distinction is important since
A Lag B information contained in reflections is important for our abil-
-4.5" 5 45y ' ity to sense that the environment we are in is reverberant.
R oo Led § / - In addition to fusion, the finding that at short delays the
j@r\’ I go" . £ image location is dominated by the location of the leading
e b 3 § Lag source has been called the “law of the first wave front” or
N e “‘5_‘0; IS A “localization dominance.” Finally, “lag discrimination sup-
Delay (msec) pression” refers to the observation that at short delays stimu-
lus parameters of the lag stimulus are less discriminable due
Discrimination Suppression to the presence of the lead stimulus. Discrimination improves
C =™ as the delays increagsee Fig. 2C) and (D)]. In part, the
e L. ) purpose of this review is to introduce the vocabulary of fu-
\\'@// - ‘g sion, localization dominance, and lag discrimination suppres-
e 9: sion as a means to organize the various “effects” associated

with what has been called the precedence effect.
Delay (msec) Although the lead—lag stimulus paradigm is quite ideal-
ized compared with realistic stimuli in reverberant spaces, it

FIG. 2. Schematic diagram of spatio-temporal relation for a lead—lag click—h me widel in hoohvsical aindr n
pair. Panels A and C give examples of stimulus configurations for the as become widely used psychophysical &mdrecent

fusion/localization and discrimination tasks, respectively. In panel A theY€ars also in p_h¥Si0|09iC_a-l studies. The term “preced_ence
lead is at 45° to the right, and the lag is at 45° to the left. Panel B showseffect” was originally coined by Wallaclet al. (1949 in
changes in perceived locations of the auditory events as a function of thgnheijr classic study to describe the dominance of the lead

delay. With no delay, one fused image is heard at a “phantom” location _;: o : P :
between the lead and lag. Between 0—1 ms the image shifts toward the le S(Pmmus characteristics in the determination of the spatial

speaker. Between 1 ms and the “echo threshold” a fused image is heard 1@Cat|0n of the fused imagéocalization dominange How-

the lead location. When echo threshold is reached, a second image appeagy/er, in the past two decades this term has become popular-
initially near the lead location, and at longer delays at the lag location. In Gzed and is used to refer to most measurements made using
the lead is at 45° to the right, and the two lag locations are at 35 and 55° t? d—I timul nfigurations. r rdl f th ho-

the left. Panel D shows sample data for the discrimination task, in which €& . ag stimulus configu a, ons, regaraiess o . e pSyC_ 0

performance is poor at short delays and improves as delays are increasBiysical measurement that is made. Hence, fusion, localiza-

(panel B is modified from Blauert, 1997, with permission tion dominance, and discrimination suppression have all
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been used somewhat interchangeably. We view this as a po- A Lag
tential problem, which can easily result in confusion when §>
trying to understand the mechanisms underlying these per- ,
ceptual phenomena. The primary goal of this paper is to e i ¢ =45°
carefully delineate between studies that claim to measure
“the precedence effect,” but which may measure different ®>
perceptual effects. When appropriate, we will attempt to AN
draw parallels and to link related findings in these areas. To AN
date, few studies exist in which all three measurements have
been made in the same listeners, hence to the extent to which Lead
fusion, localization dominance, and discrimination suppres-
sion are directly related is not clearly understood.
In addition to delineating between perceptual phenom- B | |
T1 T2

AN

e ; i ) Right
ena, we feel that it is important to keep in mind which ear

method of stimulus presentation is used in the various stud- Left
ies. The situation depicted in Fig. 2 represents aspects of the ear
precedence effect in a free-field environment. However, <
much of what is known comes from headphone studies, in Delay (ms)
which stimuli from loudspeakers at different locations are
replaced by stimuli with different interaural time or level
differences for the lead and lag sourcesy., Wallactet al,, c Lead Lag
1949; Zurek, 1980; Gaskell, 1983; Yost and Soderquist, 48 deg 45 deg
1984; Shinn-Cunningharet al, 1993. There have also been ‘gt €
a few experiments with headphones using virtual acoustic Right Ear W T —
stimuli that attempt to recreate the same stimuli in the ear
canals that arise from free-field stimulatiqe.g., Dizon
et al,, 1997; Litovskyet al, 1999. These experiments allow Left Ear y
manipulation of spectral, temporal, and level differences
. . . . Delay (ms!

separately with the simulated free-field condition as the ref- I
erence condition. We draw attention to this distinction be- 0 2 4 6 8 10
cause some measurements indicate that effects differ depend- Time (msec)
ing on the method of stimulus presentation. In Fig. 3, the _ o _ _
stimulus configuration for the free field is shown in panel A, FIG- 3. Stimulus configurations commonly used in precedence studies. A:

h the lead and lag are each shown as arriving from anree-fleId setup. Two sounds are emitted from locations 45° to the right and
where i ; g . 9 left with the right signal leading the left signal by several milliseconds. B:
ferent locations with a delay between their onsets. Thepichotic headphone stimuli used by Wallaehal. (1949. Two click pairs
acoustic signals at the left and right earphones for the heag\d.th ITDs leading to the right ear and t_herl 'the left ear, with a delay of a few
phone stimulation case are shown in panel B, where the le rﬁllllseconds between t_he pairs. The |nd|V|_duaI wave forms at each ear_for

T . X _the lead and the lag pairs would be approximately the same levels and differ

and lag each contain interaural time differences that result igny in the interaural delay. C: Sketch of two impulse responses to click-
images with different perceived lateralization. Finally, the pairs as the sound sources reach the ears in free field from 45° to the right

resulting wave forms at the ears for the free-field case arand left. There are natural interaural differences in time and intensity be-
. tween the stimuli at the two ears, as well as some differences in the spectral
sketched in panel C.

. . . . . shape of the sounds. Finally, to simulate the precedence effect there is an
It is clear from Fig. 3 that stimuli that are often used in interstimulus delay, simulating the echo delay.

studies of the precedence effect differ dramatically from “re-

alistic” stimuli. The lead/lag simulation of a sound source

and its reflection differs in several ways from the acoustics inween a source and its reflection. Ultimately, experimenters
real rooms. Lead and lag stimuli are often clicks of equalshould aim to use more realistic stimuli; however, while the
amplitude and identical wave forms, while sound sourcesnechanisms underlying precedence are not well understood,
need not be transient and reflections are usually differentninimizing stimulus complexity remains essential.

from the sound source in amplitude and wave form. None- In this paper we will use lead and lag stimuli to refer to
theless, click stimuli have been popular in precedence studieonditions involving the types of simulations we have just
due to their transient nature, which avoids tempora