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ABSTRACT The Natloool. Measurement bbomlory (NML) has had interactions in ultrasound ranging from the medical (therapy und 
diagnostic). non-destruetive testing/evaluation (NDTtE) 10 high power cleaning and sonic processing. A present emphasis is in thenJPY 
ultrasound. In this area there is a problem with poorly calibrated ultrasound therapy machines either delivering a dangerous amount of 
ultrasound or so little that it is ofno c1ini<:al benefit. A traceability chain i. required from the clinical \I8CI" oflhe ultrasoond therapy machine 
tonational standards. A portable power standard (PPS) is preaentiybeingdosigned 10 enable the traceabili1y to occur. Juslasimp<lrtnntlythe 
associated advisory publicatiorn; are being furmulatedto enable its deployment in the traceability chain. The next rnajor effort inultrasound 
staru.lar<l& is expected to be NDTIE for Australian i!J1d New Zealand industry. A review of what is required for standards support in the 
NDTlEc()Ill([lunityistobeunder\aken. 

1. 1NfRODUCTION 
mtrasound is sound at a frequency greater than the audible 
(>20kHz), with the upper limit presently being constrained by 
technology to ilpproximately toO MHz. Power levels can be 
substantial, to some kW, with some hundreds of MPa of 
pressure. These large ranges in frequency and power indicate 
that there is a very broad range of applications for ultrasound. 

In the Australian medical community, ultrasound has a 
strong presence: 

14,000 registered physiotherapists use therapeutic 
ultrasound. 
10% of the Australian population in one year have a 
diagnostic imaging ultrasound examination and virtually 
all unborn children are examined with ultrasound. 
Approximately 7,000 people per year in Australia are 
treated with lithotripsy for kidney stones, gall stones and 
the like 
Countless surgical ultrasound units and dental descalers 
are in use. 
For non-destructive testing/evaluation (NDTIE) of large 

and small mechanical plant, building and road structures, and 
aerospace components, the use of ultrasound is commonplace. 

In the military, submarine warfare is heavily dependent on 
sonar technology. The samo technology is also seeing 
applications in marine biology research. 

Finally there are an increasing number of industrial 
processes being developed that make use of ''high power" 
ultrasound to impart physical and chemical changes. 

Metrology wise though, ultrasound is a comparatively new 
area. Many of the measurement techniques and standards are 
still in a high rate of evolution. The effort at the National 
Measurement Laboratory (NML-CSIRO) is even more recent. 

The efforts of the ultrasound standards group at NML in 
reccntyears has fooussed on: 

commissioning equipment and techniques to a level where 
useful standards measurements can be made, 

• reviewing what is required for standards support in the 
ultrasound commuuities of Australia and New Zealand, 
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• commencing efforts to support the users of therapy 
ultrasound. 
This paper will review the present state and future plans 

for ultrasound standards at NML and for the ultrasound 
oommunity. The NML facilities will first be briefly described, 
followed by a more detailed description of the present efforts 
being directed towards therapeutic ultrasound and then the 
othOl: areas of present and future interest. The therapy 
ultrasound effort bas alse been quite instructive in how to 
approach an area requiring measurement traceability as well 
as a more accurate and precise application of its particular 
technique or technology. 

2. NML FACILITIES 
Absolute Fundamental Standanl 

There are three fundamental quantities of interest for a 
propagating ultrasouic wave. These are the displacement and 
the frequency of the wave and the spatial distribution of the 
wavefront. The displacement and frequency can be measured 
absolutely IDling a path length stabilised He-Ne Michelson 
interferometer. The absolute displacement measurement is 
derived from the 632.8 nm wavelength of the laser, whilst the 
absolute frequency is obtained by comparison with tlle NML 
in,house atomic clocks. The fundamental standard Michelson 
interferometer is presently capable ofa bandwidth of 0.1 to 50 
MHz and a displacement resolution of 0.05 run. There are 
only a handful of such absolute ultrasound standards 
operating in the world, all of which are resident in national 
standards laboratories. 

In practice, the interferometer is conunonly IDled to 
calibrate a secondary standard membrane hydrophone which 
is immersed in water and subjected to a well-characterised 
ultrasound field. The secondary standard is then used to 
calibrate client hydrophones for ultrasouic pre.sure sensitivity 
with respect to frequency. Occasionally, the interferometer is 
used to measure the ultrasonic displacement directly on a 
transmitting transducer in air or water and on solids which 
have an ultrasonic field excited within them. 
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Scan System 

The other property of fundamental interest is the spatial 
distribution of the ultrasound field. This is often requiwd 
when determining the ultrasound !>earn profile of transmitting 
transducers or the angular directivity of hydrophones 
(receivers). A sophisticated positioning system, more 
commonly tenned a scan system, is used to accurately move 
the transducer about the ultrasound field. The scan system has 
the following features: 

Six degrees of freedom with a single manipulator. 

XYZ motion of 1000(400(400mm with 1 JlIII resolution, 
• Three angular motions of ±16S., ±IOO· and ±IO· with 

wspective resolutious of 0.001·, om' and 0.05·. 

NDTIE scans usingpu1sc-echo transducers can be done on 
test pieces that are commonly used in testing work. 

The scan system at NML will be calibrated using optical 
interferometry so that its spatial mcasurements are tracealJle to 
national length and angle standards. It will !>e the highest 
specification scan system for any ultrasound standards 
laboratory in the world. However, large defence and civilian 
NDTIE testing laboratories often have scan systems with 
specifications that are tighter by a factor of two. 

Total Power Standard 

Ultrasound transmitting transduceIS operating at higher 
powers will produce an ultrasonic field that exhibits a strong 
radiation force. TIris radiation force can be measured by 
directing it against a 45', air-backed cone cormected to a 
sensitive mass \)alance. The total ultrasonic power in the 
transducer's beam can then be calculated from the radiation 
force. The mass standards used to calibrate the mass balance 
are traceable to NML in-house standards. This power 
measurement device is typically termed a radiation force 
balance. The one used at NML has a bandwidth of 0.1-10 
Ml:Iz and a power range of 0.1 to 30W. 

Miscellaneons 

A range of standard, medical, NDTJE and industrial 
transducers are kept in order to produce a range of ultrasound 
fields and to undertak informal comparisons with other 
national standards laboratories. NML will participate in two 
formal international ClPM comparisons of ultrasound 
standards in the next 1-2 years. One will ilIVolve the 
measurement of hydrophone sensitivity and the other the 
measurement of ultrasound power at therapy levels. The latter 
comparison is particularly timely given the current effort in 
therapy ultrasound at NML. 

3. THERAPY ULTRASOUND 
The Problem 

An ultrasound therapy machine typically consists of a high 
frequency generator driving a piezoelectric disc encapsulated 
in a metal housing which is then applied to the skin of the 
patient through a coupling gel or water bath. Clinical therapy 
ultrasound machines operate in the frequency range 1-3 MHz 
with a power range of 0-15 W or an intensity of 0-3 Wcm". 

The clinical users are commonly trained and registered 
physiotherapists. lTItrasound is one of the most common 
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electro-physical therapy modalities used by physiotherapists. 
Some examples of medical conditions it is used to treat are 
sporting and repetitive strain injuries, rheumatiod arthritis, 
nerve pain, circulatory disorders, and deep scar tissue. 

It hall been estimated [I] that there are approximately 
7,000 registered clinical users of therapy ultrasound machines 
per 10 million popnlation in the western world. The 
widespread usc of ultrasound is reflccted in the extensive 
literature, eg [2-6]. Although ultrasound therapy is widely 
used, it is difficult to obtain a written clinical protocol [7, 8]. 
In a common teaching text [8] and a general literature review 
[9], theauthOIS admit that there isa lack of controlled c1inical 
trials to ascertain optimum treatment parameters. 

It could be the lack of calibrated machines in clinical use 
that is contributing to the vagaries in clinical application of this 
therapy. 1Welve surveys of the calibration of therapy machines 
have been conducted between 1973-95 in Austra1ia, Canada, 
the Nether1ands, New Zea1and, United Kingdom, and the USA 
[10-21]. From these surveys, several features-wereclear. 

On average 70% (range 50-80%) of machines failed the 
standard applicable in mat country. The allowed power 
inaccuracy is ::I:3oolo (sometimes ±ZOO";'). 

Regular calibration checking of ultrasound therapy 
machincs was required. 

It has only been in New Zealand (NZ) that a 
comprehensive follow-up survey has been done after 
corrective action. The 1985 NZ survey of 230 machines found 
that 65% had a maximum output that differed by more than 
(30% from that indicated [15]. Following this poorrcsult, the 
NZ Socicty of Physiotherapists Private Practitioners' 
Association instituted a voluntary accreditation scheme for 
hospitals and private practices. The follow-up survey 10 years 
later [21] was encouraging in that only 18% of the machines 
failed (c.f. 65%). However, this is for a measurement that is 
made at full power as is commonly stipulated in IEC standards 
[22]. Disturbingly, it was found that 50% did not give the 
correct value over their full output range. Furthel1llore there 
was no correlation lJetween calibration accuracy and period of 
use (hours of service) or the calendar period since the last 
calibration check. In NZ, routine testeTII are under no 
requimnent to have their proficiency in testing examined; 
common practice in the western world. The NZ study suggests 
[23] that some machines cannot be calibrated properly, and/or 
may be incorrectly calibrated at manufacture. Furthennore, 
subsequent calibrations performed during its clinical life may 

be in error. 
Anecdotal tales of patient discomfort or injury due to 

ultrasound therapy exist, but are seldom made widely known 
for reasons involving malpractice and liability. It was 
documented at an Edinburgh, UK, hospital recently that two 
patients did receive injuries due to treatment from a faulty and 
un-calibrated machine [20·22, 24, 25]. The alternate situation 
is no elfective treatmenl The NZ surveys [15, 21] showedthat 
4-7% of machines wew either delivering no ultrasound or less 
than 10% of what was indicated (clinically ineffective). It is 
clear that in this situation the patients are paying for treatment 
and receiving none. 
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an international review of what contributes to making an 
internationally competitive machine. 
advice on how quality control can be done moot cost
effectively. 
the provision of compliance testing to Australian and 
overseas standards. 

In formulating and beginning this effort in therapy ultrasound, 
a number of lessons for a body like NML have been learnt: 

Consultation: Extensive consultation is required with all 
• levels of use ofthe technology, from the patients to regulators 

in other countries. This information gathering can be done 
effectively through the use of both formal and informal 
advisory groups. A good mechanism for tbe formal group is a 
Standards Australia technical committee. The informal group 
arises from identification of key players and stakeholders. 

Effective Compliance; The correct questions need to be 
asked. Will the management sclleme, advisory publications, 
standards and technical devices employed actually give a high 
degree of effective compliance at the end use of the 
technology? Does all the effort really make a difference to 
societyandpatientwell·being? 

A Driver: The gulf between NML and the patient is a wide 
one. The person required to bridge thai gulf and ensure that 
useful work flows across it requires familiarity with all the 
levelsoftheprobJem. 

4. OTHER AREAS 
The breadth of ultrasound use can be seen in the range of 
Standards Australia committees that NML has interacted 
with: 

HEl3!3MedicaIUltrasonics. 

HEl3/-IS Lithotripters. 

ME3 Sterilising Equipment 

MT7!3 NDT Acoustical Methods. 

TE6 Printed Circuit Boards. 
Interestingly, interactions with such technical committees 

and introduction to other ultrasound technology areas often. 
arises from users and manufacturers requesting NML 
assistance, sometimes anonymously. These anonymous alerts 
or "tip-offs" are, in the experience of overseas colleagues, 
often extremely valuable sources of information. A brief 
review ofNML's interaction witll tile other uses ofultrasoWld 
of present interest will be given here. 

Med.ica1UJtrasonics 

The use of ultrasound in medicine is very widespread. MilIions 
of Australians every year will have some exposure to it. 

Lithotripters generate ultrasonic sllockwaves of more than 
10D MPa with a duration greater than lOOns. These nrultiple 
shockwaves are used to fragment hard deposits such as kidney 
and gall stom:s in humans. NML's interaction to the present 
has been restricted to the Standards Australia committee 
(HEI3/-15) and maintaining an international watching brief on 
the standards of use oflithotripsy. 
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Diagnostic imaging ultrasound is extremely widely used 
(see the Introduction). It has been the area of highest growth 
in diagnostic imaging services funded by Medicare. NML 
interaction in this area has been restricted to providing 
infonnation regarding the safety of diagnostic ultrasound to 
the Australian Health Technology Advisory Committee's 
(AlITAC) review of this toohnology. The peak power outputs 
of diagnostic imaging machines are often comparable to 
therapy ultrasound, but the duty cycles are extremely low, 
usually (2%. The dose and probability of adverse effects are 
accordingly cxtremely low. There has been some discussion in 
the Standards Australian committee (HEl3/3) regarding the 
introduction of some random compliance testing of diagnostic 
machines in Australia. The compliance test would be to FDA 
USA standards for these devices. 

The use of ultrasound surgical units and dental descalers is 
very widespread. There have been comparatively few adverse 
problems with the clinical use of these devices. Acrordingly, 
international standards activity in this area is low. 

Power Ultrasonics 

nus area covers industrial applications where the total power 
is from I W to manykW: The most common application is the 
use of ultra some cleaning baths. These baths may be used in 
such diverse situations as cleaning surgical implements of 
h\Ullan material (ME3 Sterilising Equipment), removal of 
solder flux from printed circuit boards (TE6 Printed Circuit 
Boards) and cleaning vegetables. 

NML's involvement has been to resolve conflicts between 
stakeholders during the production of standards and to 

provide design and measurement advice for ultrasonic baths. 
However, due to the large power densities involved, 
conventional in-situ measurement methods are often of 
limited. value and difficult to interpret. The number of queries 
in this application area is expected to rise slowly as industry 
explores the use of high power ultrasonics in the sonic 
processing of materials 

Underwater Acoustic!! 

The term underwater acoustics is often used. to describe 
waterborne military acoustics from the audible range to 500 
kHz. The military use is usUlilly confined to ranging, imaging 
and passive detection of other watercraft. Dr Suszanne 
Thwaites of NML is presently conducting a review of 
Australian military and civilian uses of underwater acoustics. 
This is in preparation for a forthcoming international 
comparison in underwater acoustics. 

Non Destructive Testlng/EvaIuatiOD (NDTIE) 

This is probably the area where NML can make the most 
impact. However, to date, the medical area has consumed 
most of the NML effort. NML has provided informal advice 
and Quality Assurance testing of NDTIE lnm.<!ducers for a 
major Australian manufacturer of aerospace components for 
international clients. In addition NML is a member of the 
relevant Standards Australia committee (MT7/3) and interacts 
with the Australian Institute of Non-Destructive Testing 
(AINDT). A review of ultrasound NDTIE users in Australia 
and New Zealand by NML will shortly begin. The review will 
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