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President's Letter
e e

Dear Fellow Member

This month the acoustics world lost a distinguisbed acoustician and the Institute a warmly
respected Honorary Fellow with the death of Professor Elfyn Richards. The Institute of Sound
and Vibration Research at Southampton owes its formation and early success to the efforts of
Professor Richards; an obituary appears in this issue.

The 1995 Autumn Conference incorporates a new and interesting format this year with a Noise
and Vibration School. Ten practical exercises bave been developed to elucidate problems encoun-
tered in field measurements and delegates will be assisted by experts in each of the fields. There
will also be workshop discussions and the usual wide-ranging array of papers. I look forward to
seeing many of you in Windermere once more.

While on the subject of conferences I might mention the two other major meetings before Christ-
mas. During November Reproduced Sound 11 is set to once again fill the Windermere Hydro Hotel
while in December another international conference on Sonar Signal Processing will be beld in
Loughborough under the auspices of the Underwater Acoustics Group.

However, all these pale into insignificance beside the long-term planning for inter-noise 96. Repre-
sentatives of the organising committee attended the 1995 congress in Newport Beach, California,
to publicise next year’s event in Liverpool and our planning committee are already working bard.
There is an army of special session organisers already beavering away around the world assem-
bling what I am sure will be an impressive programme, while the detail design of the exhibition
and meeting rooms is well in hand. A progress report is given in this issue.

The Institute is well into the final stages of organising our CPD scheme which will start on a vol-
untary basis next year. It is boped that Regional Branches will play a major role in support of the
scheme. Council is presently reviewing the final draft of the document that sets out the ground

rules.

Sincerely yours

fi 5

Alex Burd
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Technical Contribution

LARGE VOCABULARY SPEECH RECOGNITION

Steve Young FIOA

Introduction

Considerable progress has been made in speech rec-
ognition technology over the last few years and nowhere
has this progress been more evident than in the area of
Large Vocabulary Recognition {LVR). Current laboratory
systems are capable of franscribing continuous speech
from any speoker with average word error rafes of
between 5% and 10%. If speaker adaptation is allowed
then after 2 or 3 minutes of speech, the error rate will
drop well below 5% for most speakers.

Hitherto, LVR systems have been limited fo dictation
applications since they were speaker dependent and they
required words to be spoken with a short pause between
them. The capability to recognise natural confinuous
speech input from any speaker, however, opens up many
more applications and as a result LVR technology
appears to be on the brink of widespread deployment
across a range of IT systems.

This article will describe the principles and archi-
tecture of current LVR systems, particularly the Cam-
bridge University HTK system which is a modern design
giving state-of-the-art performance [1, 2].

System Overview

Current LVR systems are firmly based on the principles of
statistical pattern recognition. The basic framework for
applying these principles to the problem of speech rec-
ognition was described by lJelinek and his colleagues
from IBM in the 1970s [3, 4] and lifle has changed
since. Figure 1 illustrates the main components of an LVR
system.

An unknown speech waveform is converted by a
front-end signal processor into a sequence of acoustic
vectors, Y = ¥y, ¥z, oon. yr. Each of these vectors is a
compact representation of the short-time speech spectrum
covering a period of typically 10 ms. Thus, on average
ten word utterance might have duration of around 3 sec-
onds and would be represented by a sequence of around
T = 300 acoustic vectors.

The uterance consists of a sequence of words W =
Wy, Wy, ....... w, and it is the job of the LVR system to
determine the most probable word sequence W given the
observed acoustic signal Y. To do this, Bayes' rule is used
to decompose the required probability P{W!1Y)} into two

components, that is, P(W) P(Yl W)
W =argy, max P(W | Y):orgw mux——PwY?— (1)

This equation tells us thot to find the most likely word
sequence W, we must find the word sequence which
maximises the product of P{W) and P{ Y| W). The first of
these terms represents the a priori probability of observ-

ing W independent of the observed signal and this prob-
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Fig. 1. Overview of Stafistical Speech Recognition

ability is determined by a language model. The second
term represents the probability of observing the vector
sequence Y given some specified word sequence W and
this probability is determined by an acoustic model.

Figure 1 shows how these relationships might be com-
puted. A word sequence W = 'This is speech' is pos-
tulated and the language model computes its probability
P{W). Each word is then converted into a sequence of
basic sounds or phones using a pronouncing dictionary.
For each phone there is a corresponding statistical model
called a hidden Markov model (HMM). The sequence of
HMMs needed to represent the postulated utterance are
concatenated to form a single composite model and the
probability of that model generating the observed
sequence Y is calculated, this is the required probability
P{YIWL\. In principle, this process can be repeated for
all possible word sequences and the most likely sequence
selected as the recogniser output.

To convert the above design philosophy into a prac-
fical system requires the solution of @ number of chal-
lenging problems. Firstly, a front-end parameterisation is
needed which can extract from the speech waveform dll
of the necessary acoustic information in a compact form
compatible with the HMM based acoustic models. Sec-
ondly, the HMM models themselves must accurately rep-
resent the distributions of each sound in each of the
many contexts in which it may occur. Furthermore, the
HMM parameters must be estimated from data and it will
never be possible to obtain sufficient data to cover all
possible contexts.
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Thirdly, the language model must be designed to give

accurate word predictions based on the preceding his-
tory. However, as for the HMMs, data sparsity is an ever-
present problem and the language model must be able to
deal with word sequences for which no examples occur
in the training data. Finally, the process outlined above
for finding W:by enumerating all possible word sequ-
ences is clearly impractical. Instead, potential word
sequences are explored in paradllel, discarding hypoth-
eses as soon as they become improbable. This process is
called decoding and the design of efficient decoders is
crucial to the realisation of practical LVR systems capable
of fast and accurate operation on today's computing
platforms.

The next four sections of this article deal with each of
these issues in more detail.

Front-End Parameterisation

A key ossumption made in the design of current recognis-
ers is that the speech signal can be regarded as sta-
tionary over an interval of a few milliseconds. Thus, the
prime function of the front-end parameterisation stage is
to divide the input speech into blocks and from each
block derive a smoothed spectral estimate. The spacing
between blocks is typically 10 ms and blocks are nor-
mally overlopped to give a longer analysis window, typ-
ically 25 ms. As with all processing of this type, it is usual
to apply a tapered window function {eg Hamming) to
each block. Also the speech signal is often pre-
emphasised to compensate for the attenuation caused by
the radiation from the lips.

The required spectral estimates may be computed via
linear Prediction or Fourier analysis and there are a
number of additional transformations that can be applied
in order to generate the final acoustic vectors. To illus-
trate one typical orrangement, Figure 2 shows the front-
end of the HTK Recogniser which generates Mel-
Frequency Cepstral Coefficients (MFCCs) [5].

To compute MFCC coefficients, the Fourier spectrum is
smoothed by integrating the spectral coefficients within
triangular frequency bins arranged on a non-linear scale
called the Mel-scale. For 8 kHz bandwidth speech, the
HTK Recogniser uses 24 of these triangular frequency
bins. The Mel-scale is designed to approximate the fre-
quency resolution of the human ear, but more impor-
tantly, its use has been shown empirically to improve rec-
ognition accuracy. In order to make the speech power
spectrum approximately Gaussian, log compression is
applied to the filler-bank output.

The final processing stage is to apply the Discrete
Cosine Transform [DCT) to the log filter-bank coefficients.
This has the effect of compressing the speciral informa-
tion into the lower order coefficients and it also dec-
orrelates them allowing the subsequent statistical med-
elling to use diagonal covariance matrices. In the HTK
Recogniser, the signal energy plus the first 12 cepstral
coefficients are retained to form a basic 13-element
acoustic vector.

As will be discussed in the next section, the acoustic
modelling assumes that each acoustic vector is uncor-

FFT based
. spectrum
-

~ Mel scale
triangular filters

Log |—»

9 bet 39 Element
A Acoustic
A2 Vector

Fig. 2. MFCC-based Front-End Processor

related with its neighbours but this is clearly a poor
assumption. However, a simple and effective way to mit-
igate its effects is to append the first and second order
differentials to the basic static coefficients. In the HTK
Recogniser, these are approximated by fitting a linear
regression over a window covering the two preceding
and two following vectors. When this is done, the final
acoustic vector has 39 components.

Acoustic Modelling

The purpose of the acoustic models is to provide a
method of calculating the likelihood of any vector
sequence Y given a word w. In principle, the required
probability distribution could be found by finding many
examples of each w and collecting the statistics of the
corresponding vecior sequences. However, this is imprac-
tical for lorge vocabulary systems and instead, word
sequences are decomposed info basic sounds colled
phones.

Each individual phone is represented by a hidden
Markov model [HMM). A HMM has a number of states
connected by arcs. HMM phone models typically have
three emitting states and a simple lefi-right topology os
illustrated by. Figure 3. The entry and exit. states are pro-
vided to make it easy to join models together. The exit
state of one phone model can be merged with the eniry
state of anorEer to form a composite HMM. This allows
phone models 1o be joined together to form words and
words to be joined together lo cover complete utterances.

A HMM is most easily understood as a generator of
vector sequences. It is a finite state machine which

Acoustics Bulletin September / October 1995
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Fig. 3. HMM-based Phone Model

changes state once every fime unit and each time t that a
state f is entered, an acoustic speech vector y, is gener-
ated with probability density biy,). Furthermore, the fran-
sition from state i to state j is also probabilistic and is
governed by the discrete probability a;.

Figure 3 shows an example of this process where the
model moves through the state sequence X =1, 2, 2, 3,
4, 4, 5 in order to generate the sequence y, fo ys.

The joint probability of a vector sequence Y and state
sequence X given some model M is calculated simply as
the product of the transifion probabilities and the output
probabilities. So for the state sequence X in Figure 3
PLY, XIM) = a),b{0))ay,b,l0,)a,3b5005) ... (2)

In practice, c>F2 course, only the observation sequence
Y is known and the underlying state sequence X is hid-
den. This is why it is called a Hidden Markov Model.
However, the required probability P(YIM} is easily
found by summing over all possible state sequences. An
efficient recursive method of performing this calculation is
available called the Forward-Backward algorithm. A crv-
cial feature of this algorithm is that it also allows the
probability of being in a specific model state at a specific
time to be calculated. This leads to a very simple and effi-
cient procedure called the Boum-Welch olgorithm for
finding Maximum-Likelihood estimates of both the @ and
b HMM parameter sets. Parameter estimation is beyond
the scope of this article but it is important to note that the
existence of Baum-Welch has been a key factor in mak-
ing HMMs the dominant technology in acoustic modelling.

The choice of ourrut probability function is crucial
since it must model all of the intrinsic spectral variability
in real speech, both within and across speakers. Early
HMM systems used discrete output probability functions
in conjunction with a vector quantiser. Each incoming
acoustic vector was replaced by the index of the closest
vector in a precomputed codebook and the output prob-
ability functions were just look-up fables containing the
probabilities of each possible VQ index. This approach is
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computationally very efficient but the quantisafion infro-
duces noise which limits the precision that con be
obtained. Hence, modern systems use parametric confinu-
ous density output distributions which model the acoustic
veciors directly, the commonest choice of distribution
being the mulfivariate mixture Gaussian [6].

So far there has been an implicit assumption that only
one HMM is required per phone, and since approx-
imately 45 phones are needed for English, it may be
thought that only 45 phone HMMs need be trained. In
practice, however, contextual effects cause large vari-
ations in the way that different sounds are produced.
Hence, to achieve good phonetic discrimination, different
HMMs have to be trained for each different context. The
simplest and most common approach is fo use friphones
where every phone has a distinct HMM model for every
unique pair of left and right neighbours. For example,
suppose that the notation x = y + z represents the phone y
occurring after an x and before a z. Then the phrase,
'Beat it!' would be represented by the phone sequence
sil b iy t ih t sil. If triphone HMMs were used then the
sequence would be modelled as
silsil=b+iy b—iy+t iy-t+ih t=ih+1t ih -t +sil sil.
Notice that the triphone contexis span word boundaries
and the two instances of the phone t are represented by
different HMMs because their contexts are different. This
use of so-called cross-word triphones gives the best mod-
elling accuracy but leads to complications in the decoder
as discussed later. Simpler systems result from the use of
word-internal triphones where the above example would
become
sil beiy b-iy+tiy-tih+t ih-1tsil
Here far fewer distinct models are needed simplifying
both the porameter training problem and decoder
design. However, the cost is an inability to model con-
textual effects at word boundaries and in fluent speech
these are considerable.

The use of Gaussion mixture output distributions
allows each state distribution to be modelled very accu-
rotely. However, when triphones are used they result in a
system which hos too many parameters to train. For
example, a large vocabulary cross-word triphone system
will typically need around 60,000 triphones'. In practice,
around 10 mixture components gives good performance
in LVR systems. Assuming that the covariances are all
diagonal, then the HTK recogniser with its 39 element
acoustic vectors would require 790 parameters per state.
Hence, 60,000 3-state triphones would have a fotal of
142 million parameters.

The problem of too many parameters and too little
training data is absolutely crucial in the design of a sta-
fistical speech recogniser. Early systems dealt with the
problem by using conventional stafistical smoothing tech-
niques but more recently an alternative approach based
on parameter tying, and in parficular state-tying has
become popular [7, 8]. The idea here is to tie together
states which are acoustically indistinguishable. This
allows dll the dota associated with each individual state
to be pooled and thereby give more robust estimates for
the parameters of the tied-state. This is illustrated in Fig-
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ure 4. At the top of the figure, each triphone has its own
private output distribution. After tying, several states
share distributions.

In the HTK recogniser, the choice of which states fo tie
is made using phonetic decision trees, This involves build-
ing a binary tree for each phone and state position. Each
free has a yes/no phonetic question such as 'Is the left
context a nasal?’ at each node. Initially all states for o
given phone state position are placed at the root node of
a tree. Depending on each answer, the pool of states is
successively split and this continues until the states have
trickled down to leaf-nodes. All states in the same leaf
node are then fied. For example, Figure 5 illustrates the
case of fying the centre states of all triphones of the
phone /aw/ {as in 'out’). All of the states trickle down the
tree and depending on the answer fo the questions, they
end up at one of the shaded terminal nodes. For exam-
ple, in the illusirated case, the centre state of s —aw +n
would join the second leaf node from the right since its
right context is a central consonant, and its right context
is o nasal but its left context is not a central stop.

The questions at each node are chosen to maximise
the likelihood of the training data given the final set of
state tyings. In practice, phonetic decision frees give com-
pact good-quality state clusters which have sufficient
associated data to robustly estimate mixture Gaussian
output probablity functions. Furthermore, they can be
used to synthesise a HMM for any possible context
whether it appears in the training data or not, simply by
descending the trees and wsing the state distributions
associated with the terminating leaf nodes. Finally, pho-
nefic decision trees can be used to include more than sim-
ple triphone contexts. For example, the HTK recogniser
can use queslions spanning + 2 phones and can also
take account of the presence of word boundaries.

t-ih+n t-ih+ng f-ih+1 s-ih+1
MNAA NN OAN IMARA
Tie Similar
States
tihtn t-ih+ng f-ih+] s-ih+

Fig. 4. State Tying
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Language Modelling

The purpose of the language model is to provide a mech-
anism for estimating the probability of some word w; in
an utterance given the preceding words VV]"'] SWY W)
A simple but effective way of doing this is to use N-grams
in which it is assumed that w, depends only on the pre-
ceding n - 1 words, that is

P(wk I VV]H) = P(wk |‘Nf:,1+1) (3)
N-grams simultaneously encode syntax, semantics and
pragmatics and they concentrate on local dependencies.
This makes them very effective for languages like English
where word order is important and the strongest con-
textual effects tend to come from near neighbours. Fur-
thermore, N-gram probability distributions can be com-
puted directly from text data and hence there is no
requirement to have explicit linguistic rules such as a for-
mal grammar of the language.

In principle, N-grams can be estimated from simple
frequency counts and stored in a look-up table. The prob-
lem, of course, is that for a vocabulary of V words, there
are V potential frigrams. Even for a very modest vocab-
ulary of 10,000 words, this is a very large number. Thus,
many trigrams will not appear in the training dato and
many others will only appear once or twice so there is an
acute data sparsity problem.

The solution to training data sparsity is to use a com-
bination of discounting and backing-off [91. Discounting
means that the trigram counts of the more frequently
occurring trigrams are reduced and the resulfing excess
probability mass is redistributed amongst the less fre-
quently occurring trigrams. Backing-off is applied when
there are too few trigrams to form any estimate ot all (eg
just one or two occurrences in the training data). It
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L 1

involves replacing the trigrom probability by a scaled
bigram proﬁobilily, that is

p(Wk |Wk-hWk-2)=B(Wk-1:Wk—2)P(Wk |Wk-1) (4)

where B is a back-off function whose function is primarily
to ensure that F Wi |wk_1,wk_2) is properly normalised.

Although robust estimation’ of trigram probabilities
requires considerable care, the problems are soluble and
good performance can be obtained. N-grams do have
obvious deficiencies resulting from their inability to
exploit long-range constraints such as subject-verb agree-
ment. Nevertheless, no significantly beter models have
been found to date.

Decoding

The preceding sections have described the main com-
ponents of a large vocabulary system. In order to perform
recognition using these components, the sequence of
words W must be found which maximises equation (1).
This is a search problem and its solution is the domain of
the decoder.

As with all search problems, there are two main

expanded into models. Finally, merge all identical phone
models in identical contexts which have a common enhry
point as illustrated in part (c) of Figure 6. Notice here that
the use of cross-word triphones significantly limits the
amount of sharing of models possible.

The net result of the above is a branching tree of
HMM state nodes connected by state transitions and
word-end nodes connected by word transitions. Any path
from the start node to some point in the free can be evalu-
ated by adding all the log state transition probabilities,
all the log state output probabilities and the log language
model probabilities. Such a path can be represented by a
movable token placed in the node at the end of the path.
The token has a score which is the total log probability up
to that point and o history which records the sequence of
word-end nodes that the token has passed through. Any
path can be extended by moving the token from its cur-
rent node to an adjoining node and updating its score
according fo the current state transition probability, state out-
put probability and the language model probability, if any.

The search problem can now be recast in the form of
a token passing algorithm. Initially, a single token is

approaches: depth-first and breadth-first. In
depth-first designs, the most promising hypoth-
esis is pursued until the end of the speech is
reached. In breadth-first designs, all hypotheses
are pursved in parallel. Breadth-first decoding
exploits Bellman's optimality principle and is
often referred to as Viterbi decoding. LVR sys-
tems are complex and pruning of the search
~ space is essential, this typically uses a process

called beam search. The HTK decoder uses beam
search and Viterbi decoding [10].

To understand the decoding problem, ima-
gine that a branching tree network is con-
structed such that at the start there is a branch
to every possible start word. All first words are
then connected to all possible follow words and
so on. This is illustrated in part {a) of Figure 6.
Clearly this tree will be very large but if
extended deep enough it would in principle rep-
resent all possible sequences. At first sight, this
representation might seem very extravagant. In
small vocabulary systems, it is usually sufficient
to put all words in parallel and place a loop
around them. This allows all possible word
sequences to be represented in a compact way
since every vocabulary word appears only
once. Unfortunately, however, such an arrange-
ment does not allow a trigram language model
to be used since the available history is limited
to 1 word. Furthermore, a single loop back pre-
vents cross-word friphones from being used. An
explicit branching tree however allows both o
be used in a straightforward manner.

Next let each word in this tree be replaced
by the sequence of models representing its pro-
nunciation. If there are multiple pronunciations
then models can be joined in parallel within the
word. Part (b) shows a fragment of the tree

Fig. 6. Fragment of Decoder Network
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placed in the start node of the free. As
each acoustic vector is input, every

token is copied into all connecting | 25.0%
nodes and the scores updated. if more
than one token lands in a node only | 20.0% -

the best scoring token needs to be
retained since, by Bellman's Optimality
principle, all other tokens must lie on
inferior paths. When all of the acoustic
vectors have been processed, the word
end nodes are scanned and the token
with the highest score represents the
most likely path and hence the most

15.0% —

10.0% —

5.0%

likely word sequence. 0.0%

This basic token passing algorithm
is guaranteed to find the best possible
path but unfortunately, it would take
too much time and space to compute.

144
15
20l

Fig. 7. Word Error Rate Plotted Against Speaker for the H1-PO System on ARPA
C5R November 1994 Evaluation Data [Dashed horizontal is average WER)

Hence, to make the algorithm fract-
able, pruning is employed. Every time frame, the best
score in any foken is noted and any token whose score
lies more than a beam-width below this best score is
destroyed. Since only the active tokens lying within the
beam need to be kept in memory, only a fragment of the
branching tree described above is ever needed at one
time. As fokens move forward, new tree structure is
created in front of them and old structure behind is
destroyed.

This dynamic nelwork approach resulls in a decoder
that can utilise arbitrarily long span language models
and HMM phone models that depend on both the pre-
vious and succeeding acoustic context. Furthermore, it is
simple to extend this decoder to generate a laftice of
word hypotheses which can be used as input to more
sophisticated processing units such as a natural language
parser.

Current State of LVR

The major benchmarks for assessing the performance of

LVR systems are the US Advanced Research Project
Agency (ARPA) CSR Evaluations. The most recent of these
was held in November 1994 [11]. The main focus of this
evaluation was the so-called hub test H1 on which all 20
participating sites evaluated their systems. This hub test
was split info two main parts: HI - C1 in which the
acousfic fraining data and a 20 k word trigram longuage
model trained on 227 million words of news fext were
fixed; and H1 - PO in which any acoustic or language
model training data could be used. In H1 -C1 each
utterance had to be recognised independently whereas in

Vocab M Adapted % Word
Size N-gram Error
20k 3 No 10.5°
65k 3 No 8.2
65k 4 No 7.9
65k 4 Yes 72"

Table 1. HTK LVR Performance on ARPA CSR November
1994 Evaluation Data (* HY — C1 test, ** H1 — PO test}
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H1 - PO, each change of speaker was known so that
unsupervised adaptation could be used.

The HTK LV Recogniser had the lowest error rafe of
any system fested in the November 1994 evaluation. Per-
formance in terms of the percentage word error rate for a
number of conditions (including H1 = C1 and H1 - PO} is
shown in Table 1. As can be seen, the best performance
achieved was 7.2%, that is, on average 7 words in every
100 were mis-transcribed. Although this figure is some-
what high, it is interesting fo lock at the error rates on a
per specker basis as shown in Figure 7 where the speak-
ers have been ordered, based on their performance. This
figure suggests that, at least for part of the population,
useable performance is achievable now. Conversely, it
also shows that to cover the majority of the population,
better robusiness and more effective adaptation is
needed?.

Conclusions

This article hos reviewed the main components of a
speaker-independent continuous speech large vocabulary
recognition system and briefly described the state-of-the-
art. Whilst it is clear that much more needs to be done
before robust, general-purpose LVR is ubiquitous, the
technology is nevertheless on the threshold of usefulness
for practical applications. Given a reasonably controlled
environment and a well-defined task domain, the tech-
nology is useable now. By the end of 1996, off-the-shelf
LVR systems will be available running in real-time on
high-end PC class machines. LVR systems will then soon
appear as remote servers in public telecom systems pro-
viding information and personal management services.

If the 1980s was dominated by the rapid development
of computer technology, the 1990s will be dominated by
the rapid development of communications technology,
and speech recognition will play a central role in this.
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REDUCING NOISE FROM MOTORWAYS:
THE ACOUSTIC PERFORMANCE OF POROUS
ASPHALT ON THE M4 AT CARDIFF

Steve Phillips, Paul Nelson FIOA and Phil Abbott

Introduction

The Transport Research Laboratory {TRL) originally devel-
oped porous road surfaces primarily to reduce surface
water and spray on high speed roads during periods of
heavy rainfall. Following trials in the 1960s it was found
that this type of surface also had acoustical benefits. Fur-
ther research by TRL demonstrated that vehicle noise lev-
els were on average 3 — 5 dB{A} lower than on equiv-
alent non-porous surfaces [1].

The noise reductions achieved by porous road sur-
faces are often solely attributed to the acoustical absorp-
tion characteristics of the surface material. However, this
is an oversimplification of a complex generation and
propagation mechanism. Research at TRL has examined
these mechanisms for vehicles running on Porous
Asphalt. Practical trials, backed with theoretical mod-
elling in collaboration with the Open University, have
helped to optimise a specification of the surfacing to pro-
duce low noise as well as good safety and durability
characteristics. The acoustically important aspects of this
specification have been incorporated into the Manual of
Contract Documents for Highway Works [2].

In 1993 Porous Asphalt was laid on a section of the
M4 motorway near Cardiff using a draft version of the
Department of Transport (DoT) Specification for Porous
Asphalt Surfacing. A further section was laid one year
later using the published version of the Specification. TRL
was commissioned by the Welsh Office to conduct vehi-
cle noise measurements to confirm the acoustical ben-

dB(A) for a doubling of speed. The mechanisms gov-
erning the generation of tyre/surface noise are complex.
The main factors involved are the generation of vibration
in the tyre structure resulting from tie interaction between
the tyre and the road surfaces, and the movement of air
in the cavities between the tyre tread and the road sur-
face in the region of the contact patch.

At the leading edge of the tyre/surface contact, vibra-
fions are generated by the impacts of the tread elements
with the road surface. To the rear of the contact, radial
vibrations can occur as the tread elements abruptly leave
the contact patch and return to the undeflected rolling
radius of the tyre. This mechanism is often referred to as
block 'snap out' and refers to the action of the blocks in
the fyre tread as they leave the contact patch. Additional
noise is generated by vibrations induced by the frictional
forces which develop as a tyre flattens in the contact
patch. The continudlly changing radial deflection pro-
duces tangential forces between the tyre rubber and
road. These forces are resisted by friction and tyre stiff-
ness and any residual forces are dissipated by slip of the
fread material over the road surface. The resulfing slip/stick
motion generates vibration in the tyre and hence noise.

There are several mechanisms related to the movement
of air in the cavities of the fread pattern and road surface.
Of these processes the most commonly cited is "air pump-
ing'. This occurs when air is compressed in the grooves of
the tyre fread pattern as the fread elements deform in the
confact paich. The provision of air paths in the road sur-
face layer help to dissipate air trapped in the tread grooves

efits. Additional funding from the Highway
Agency of the DoT also enabled the first sig-
nificant traffic noise measurements at some dis-
tance from a road surfaced with Porous Asphalt
to be conducted [3].

This paper reviews the mechanisms of tyre
noise generation, the optimised specification
obtained from TRL's research and gives the meth-
odology and results of the measurements of vehi-
cle and traffic noise alongside the M4 motorway.

Block

Driving direction
'snap out'

pl—

Air is compressed
(air pumping)
Z

The Generation and Propagation .

of TYre/ Surface Noise

Vehicles travelling at moderate to high speeds ‘ N

generate noise mainly from the interaction of the Tread block Contact length Greatest slip
slip velocities

tyres rolling on the road surface. The magnitude
of the noise depends largely upon the speed of
the vehicle, when travelling in excess of 50 km/h
the levels generally increase by between 9 - 15

Fig. 1. Tyre/surface noise generation mechanisms
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and therefore largely prevent air pumping occurring.

Ancther important mechanism to be considered is the
effect of propagation. Sound radiated by a tyre rolling
over a road surface can either propagate directly fo the
receptor located some distance away, or arrive at the
receptor via reflection from the road surface. The acoustic
field strength at the receptor is then dependent upon the
phase and amplitude of the direct and reflected waves
which, in turn, depend upon the type of surface, the
source and receiver heights and the source-to-receiver
distance. When the surface is porous, additional factors
need to be taken into account, since the phase of the
reflected noise will be further influenced by propagation
of sound within the layer itself. Generally, for typical tyre
source-fo-receiver generations destructive interferences
between the direct and reflected waves will occur in the
frequency range 250 — 1000 Hz. The frequencies and
amplitudes of these important interference effects depend
greatly on the acousfical properties of the porous surface
layer and the angle of incidence of the reflected wave.

Clearly, the road surface can have an effect on both
the generation and propagation of noise from tyres.

Modelling the Acoustical Characteristics
of Porous Asphalt

The following section outlines the work jointly undertaken
by TRL and the Open University to model the propaga-
tion of vehicle noise over porous road

Technical Contribution

appropriate parameters such as the tortuosity of inter-
connecting pores as well as the thickness of the layer.

A primary funcfion of the model is to calevlate the
excess attenuation (dB) as a function of frequency (Hz} at
any point above a porous layer for any combination of
surface parameters. Using the model TRL has carried out
a comprehensive review and rationdlisation of the sur-
face parameters of importance [5]. By running the prop-
agation model for a range of input parameters it has
been established that the porosity of the surface layer
and the thickness of the layer are the main factors of
importance. Varying the thickness affects the frequency
where the maximum noise absorption occurs, while
increasing the porosity helps to maximise the acoustic
benefits at any given frequency.

Normal variations in both the air flow resistivity and
tortuosity only appear to have a minor effect on the over-
all acoustic performance of conventional porous road
surfaces. it follows from this analysis that in order to
achieve the maximum possible tyre noise reduction from
a porous road surface the porosity of a surface should be
maximised, consistent with achieving a viable and dur-
able surface, and the thickness of the layer should be
chosen so that the reductions achieved occur at fre-
quencies which are dominant in the vehicle gre noise
spectrum. The model has been validated using data inde-
pendently taken from a range of specially constructed

surfaces with a view to establishing the
relative imporfance of both the prop-
agation and air pumping mechanisms.
The model is based upon the concept
that a porous road surface can be
approximated by an array of tortuous,
arbitrarily shaped capillary pores dis-
tributed in a rigid frame or matrix. The
loss of energy of an acoustic pressure
wave is then modelled as it passes
through the matrix.

Research at the Open University has
determined appropriate expressions for
both the density and stiffness, or com-
pressibility, for acoustic wave propaga-
tion through air in caopillary pores with
a slit shaped cross-section and also for
propagation in @ matrix consisting of an
array of arbitrarily shoped pores [4].
This leads to an expression for the com-
plex surface impedance which can be
used as input info a conventional acous-
tic propagation model, to describe the
sound field at any point above a porous
surface layer, given the source sirength
and information about its directivity.

The formulation of the model uses
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L

1

7.5m

1 = 1.2m bj
Mobile laboratory (1.2m high)

Passing vehicle

..............................................................

Fig. 2. Schematic diagram of site layout for SPB measurements

relatively flat area of grassland alongside.

The Statistical Pass-by (SPB) method for deter-
mining the noise from vehicles travelling over dif-
ferent types of road surface was used in this
study. The SPB method was originally developed
by TRL during the early 1970s [6] and has
recently been developed as a Draft International
Standard by Working Group 33 of the Inter-
national Standards Organisation (1994) as the
standard method of assessing differences in vehi-
cle noise on different road surfaces [7].

The SPB method requires the simultaneous
measurement of the maximum noise level and
speed of individual vehicles taken from the traffic
siream. Measurements of at least 50 vehicles in
two categories, 'light' (ie all cars and vans < 1.5t
unladen) and 'heavy', are generdlly required.
From this data, a regression of noise against the

porous road surfaces laid on the fest track at TRL [5].
Details of the formulation and validation study can be
obtained by consulting this paper.

As a result of these considerations it was suggested that
porous road surfaces should be made with a large sized
aggregate (ie 20 mm maximum aggregate size). By assum-
ing redlistic values for the maximum porosity achievable
with this specification, and suitable associated values for
air resistivity and tortuosity, a layer thickness of between
0.05 m — 0.08 m was indicated to give optimum fyre noise
reductions for vehicles operating at moderate to high
speeds [5]. These recommendations were incorporated into
the DoT's specifications for Porous Asphalt. This specifica-
tion has been used for the porous surface laid on the M4
near Cardiff which is described in the next section.

Performance of Porous Asphalt at
Cardiff

In May 1993 3.2 km of Hot Rolled Asphalt (HRA) surface
on M4 Moltorway near Cardiff was replaced with a Por-
ous Asphalt made to a draft version of the DoT Specifica-
fion with a maximum aggregate size of 20 mm and o
thickness of 50 mm. A further 4.7 km of Porous Asphalt
was subsequently laid adjacent to the first, between junc-
tions 32 and 33, during the summer of 1994 using the
published version of the Specification. The specification
of the second Porous Asphalt section contained a differ-

logarithm of vehicle speed is performed for both
vehicle groups. The general relation between the maxi-
mum sound level L, ) and the speed of a passing
vehicle for a measurement point located 7.5 m from the
centre line of the vehicle path is given by the equation

where V = speed of the vehicle in km/h, A and B are

constants.

The regression lines calculated are used o determine
the noise levels ot a reference speed of 90 km/h. These
noise levels are then used to compare the road surfaces
studied.

A schematic diagram of the site layout and equipment
used at each measurement site is shown in Figure 2. The
measurement microphone was positioned 7.5 metres
from the centre of the nearside lane and 1.2 metres
above the level of the road surface. The microphone was
connected to a real-time frequency analyzer capturing the
maximum A-weighted sound level during each selected
vehicle pass-by together with the associated one-third
octave band spectra levels. A radar device was used to
determine the speeds of vehicles under test. The measure-
ments of speed and the type classification of each vehicle
{light or heavy) were recorded on a computer.

In the analysis, the acoustic data was merged with the
vehicle speed and clossification data and the maximum
noise levels for each vehicle event were automatically

ent grading of stone sizes in the aggregate

which resulted in a greater proportion of small

stones and hence a lower porosity. TRL took Site | Year of | Average maximum vehicle noise level dB[A)

vehicle and traffic noise measurements of the resurfacing Original | Porous Asphalt Initial

pre-existing HRA surface and the Porous HRA  [Initially 1 year loter| reduction

Asphalt surfacings in order to establish the

degree of noise reduction obtained. The work ';‘ }ggg gés 3 ;gg ;gg ]%80

ied out on behalf of the Welsh Office ) : ) g

was carried out on C | 1993 | 844 | 756 763 8.8

and the Highway Agency. D 1994 85.0 76.1 - 8.9
Three sites were chosen for vehicle noise E 1994 84.4 77.0 - 7.4

measurements alongside the 1993 surface (Sites
A, B and C) and a further two on the 1994 sur-
face (Sites D ond E). Traffic noise surveys were
also carried out at Site B, chosen because of the

Table 1. Light vehicle noise levels {Ly,.,,) affer replacing HRA
with Porous Asphalt
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i 1

periods. Initially the vehicle and traffic noise

Distance from edge | Average normalised! traffic noise level Ly1q, 1, measurements were taken dlongside the

of carriageway  ['Original | Porous Asphalt Initial reduction original HRA surface and were repeated, in

HRA  [nitiolly 1 year later July 1993, after the Porous Asphalt surfaces

10 85.8 77 2 78.0 86 had been laid. The measurements were

20 81.2 732 737 80 then repeated approximately 1 year later.

40 75.6 67.4 67.8 8.2 Atk this I:me Fudrtef;‘ measurements wfere also

. " . . taken alongsi e new section ot Porous

‘zéizg\:;s:yd:h!ttla e|;weruge traffic conditions during the study: 3960 vehicles ph at $6.5 km/h, Asphalt whgllch was laid to the revised spec-
Table 2. Traffic noise levels alongside the M4 ification as described earlier,

regressed against the logarithm of the vehicle speed
using the general relation given earlier. In addition, the
regression analysis was carried out for each one-third
octave band in the frequency range studied. From the
regression lines obicined, the reference levels for o speed
of 90 km/h were determined for each frequency band.

At site B, troffic noise measurements were carried out
at three positions, located 10, 20 and 40 metres from the
nearside edge of the road and at a height of 1.9 mefres
above the road surface. At each position several separ-
ate 15 minute traffic noise measurements were taken
using portable noise loggers and the Ly, determined
according to the method for assessing the noise from
road trol:ﬂc [8].

During each measurement period the traffic low was
determined together with sample measurements of vehicle
speed. The hourly traffic flow, percentage of heavy vehi-
cles and the mean traffic speed were then calculated. in
addition, the wind speed and direction, and the air tem-
perature were monitored throughout the measurement
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Table 1 gives the 'light' vehicle noise lev-
els obtained alongside the different surfaces using the
SPB method. It should be noted that the noise levels in
each case were token at o standard distance of 7.5 m
from the centre of the nearside lane and normalized to a
reference speed of 90 km/h. It can be seen that for light
vehicles, the average maximum noise level was in the
range 84.4 to 86.0 dB{A) at sites located alongside the
HRA. This con be compared with the noise levels
recorded at the same sites for the different specifications
of new Porous Asphalt, which were in the range 75.0 fo
75.6 dBlA). This gave reductions in light vehicle noise .
following the resurfacing of between 7.4 and 11.0 dB{A].

The corresponding reductions for the 'heavy' vehicle
category were significantty smaller and were found to lie
in the range 3.8 to 6.5 dB(A). The average maximum
noise level was in the range 89.3 to 89.9 dB(A) at sites
alongside the HRA surface compared with 83.4 to 85.5
dB[A) for the Porous Asphalt surface. The lower reduc-
tions for heavy vehicles may be a result of the greater
contribution of engine noise to the overall levels. In addi-
tion, the greater source height that would result from the
engine noise contribution for heavy vehicles reduces the
effect of - propagation across the porous road surface.
This, in turn reduces the relative acoustic benefits of Por-
ous Asphalt as the propagation mechanism is then gov-
erned mainly by geometric path difference considera-
tions which are identical for the two surface types. A
further point to note from the data given in Table 1 is that
the noise benefits obtained using the later specification of
Porous Asphalt were slightly less than those obtained
using the draft specification. This result underlines the
importance of maintaining a high degree of porosity in
the surface layer if optimum acoustic benefits are to be
obtained. However, the newer specification is designed fo
have greater durability characteristics than the earlier drak.

In order fo estimate the change in traffic noise level
after replacing the surface with Porous Asphalt it is nec-
essary to normalise the measured fraffic noise levels to
the same traffic conditions. The prediction methed, 'Cal-
culation of Road Traffic Noise' (CRTN), was used for this
purpose [8].

The normalised values of traffic noise obtained at site
B are shown in Table 2. The final column of the Table
shows the reductions in Ly, 1, after replacing the surface
with Porous Asphalt, at jfstonces oF 10, 20 and 40
metres from the nearside edge of the road.

The results show reductions in traffic noise, La1, dB,

aegree of

consistency at all the distances studied. The average
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Noise and vibration monitoring to eNVi

Newly available from Quantitech, eAfVi PC-based environmental
noise and vibration instrumentation meets virtually all your
monitoring needs in a single, highly portable systern. Installed
on the notebook or desktop PC of your choice, eAMVi is all of
the following:

QO range of sound level meters

O environmental noise analyser

O frequengy analyser

O automatic tape analyser

O vibration analyser

O occupational noise analyser

O and more. ..

eMVi can take the output from existing SLMs or vibration meters,
immediately upgrading the equipment, Alternatively, the system can
be connected directly to a dedicated microphone or accelerometer.

Exceptional Ease of Use

All instrument functions are intuitively controlled through a mouse
or the keyboard, and as many parameters as desired can be
displayed simultaneously on screen. Rapid data capture provides
‘live’ results, allowing the user to see the effects of any actions
instantly.

Reparting and Interpretation

Pawerful capabilities extend to the reporting and presentation of
results. eV incorporates a range of tools for rapid, automatic
generation of high gquality reports using any wordprocessor or
spreadsheet.

Interpretation of results is also quick and easy. The software aliows
addition and subtraction of filters, parallel display of different
analyses and comparison of new data with results hetd on file.
Configuration to the demands of particular application is
straightforward.

Cost-effective Analysis

By combining the capabilities of a wide range of analysers in a single
virtual instrument, eMVF delivers the cost-effective solution to your
monitoring needs. The speed with which data is captured and
reports generated afso brings higher throughput to your work.

With
real-time
octave i
Hpang
specka '
displayed
in the-palm
of your hand,

it's clear to see
why the RION
NAZ28-E Pracision
Integrating Sound Level
Meter is so popular for
industrial and environmental
noise analysis.
Although small and lightweight it has ;& %
the power to stmuitaneously measure

Lor Loge Lygaer g N rel-time, in each

octave band and display the calculated
data numerically and graphically. A non-
volatile memory stores the data safely, Real-
time measurements give on-the-
spot results, RION results in spot-on
measurements.

Quantitech

Quantitech Limited, Unit 3 Old Wolverton Road,
Old Wolverton, Milton Keynes MK12 S5NP
Telephone: 01908 227722 Fax: 01908 227733
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reduction in traffic noise level of 8.3 dB(A) is equivalent,
in acoustic terms, fo restricting traffic flow fo only 15% of
that measured prior to resurfacing. 1t should be noted
that this study compares new Porous Asphalt with well
| ] worn HRA.

A new HRA would likely be 3 - 4 dB{A) lower. Con-

vently when comparing vehicle noise levels on new
| :ﬁioces, Porous Asphalt would be approximately 4 — 5dB

FABRIC WALL LINING (A) lower than on a new HRA surface.
SYSTEM FOR ACOUSTIC

A mathematical model has been developed to help
optimise the specification of Porous Asphalt in order fo
reduce traffic noise. Using the model it has been possible
to rationalise the parameters of importance and to
+  Suitable for all internal walls, panels, defign a surface which, as far as possible, provide.s low

ceilings - including barrel ceilings, noise characteristics whilst retaining other properties of

importance such as durability, safety, spray suppression
arches and curves. and resistance fo cloggir:{% by surface detritus.

fabritrak

- Fitted on site to accommodate A Porous Asphalt surface has been laid on the M4 at
construction variations Cardiff and the results of monitoring by TRL show a con-
. : siderable reduction in traffic noise compared with the
: Eﬁb”C‘? flameproofed to Class 0/ pre-existing worn non-porous motorway HRA surfacing.
ass
- Fabrics tested for air flow resistance A;know!edgemenis , .
) This paper is based upon work carried out in the Safety
« Fabric removable for post and Environment Centre of the Transport Research Labor-
installation acoustic adjustments atory. The authors are grateful for the assistance of The

Highway Agency, The Welsh Office Highways Direc-

- Available internationally through torate and the Open University.

approved and trained distributor
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LOW FREQUENCY ACOUSTIC SCATTERING FROM
FISH SCHOOLS - A MODELLING APPROACH

Christopher Feuillade FIOA

Introduction
Acoustic scattering from individual fish and fish schools is
an important issue in fisheries research and in naval
defense applications. Generally, scattering from an indi-
vidual fish is relatively weak except at swimbladder res-
onance frequencies, when return signals may be sig-
nificanfly enhanced compared to specular scatter. A
swimbladder is essentially just an air bubble within a
fish, and this fact led Marshall [1] to examine the pos-
sibility that scattering from fish with air-filled swim-
bladders was the cause of high levels of acoustic volume
reverberation within deep scattering layers. The primary
mechanism was considered to be swimbladders vibrating
in the volume pulsation mode when ensonified at the
appropriate monopole resonance frequency. It is now
generally accepted that resonance scattering by swim-
bladder-bearing fish is the major cause of volume reverbera-
tion in the ocean at frequencies up to at least 10 kHz {2].
Since the monopole resonance behavior of fish swim-
bladders bears a close physical similarity to the scat-
tering properties of air bubbles in water, 'bubble-like'
models have been a popular method for describing res-
onant scattering from swimbladder-bearing fish [3]. The
swimbladder behaviour is modified from that of an air
bubble by the presence of the fish body around it.
Acoustically, fish flesh is like soft rubber and can be
closely approximated by a viscous fuid. Love [4] has
treated fish flesh in this way to develop a spherical swim-
bladder model which has been successfully used to cor-
relate fisheries data with acoustic measurements of vol-
ume ‘reverberation [5]. Studies of the monopole
resonances of deformed air bubbles [6] have shown that
the azimuthal scattering distribution remains pre-
dominantly isotropic even for highly nonspherical bub-
bles, and further support the use of a spﬁericcﬂ swim-
bladder model to describe resonance scattering from fish.
Schools of fish consist of closely spaced individuals of
similar size [7]. At resonance frequencies this causes
multiple scattering processes between the fish fo become
significant and complex. The acoustic wavelength at the

monopole resonance frequency of a fish swimbladder is

generally many times the length of the fish itself, and, for
small schools of similarly sized fish, frequently greater
than the dimensions of the school. Since fish in a closely
spaced school typically arrange themselves so that they
are on the order of a fish length apart, the scattered
wave fields from neighbouring fish will interact coher-
ently. This feature, in addition fo multiple scattering, must
be correctly incorporated to realistically describe res-
onance scaftering Eom fish schools.

A model is described here for predicting levels of

Acoustics Bulletin September / Qctober 1995

scattering from schools of closely spaced fish. The math-
ematical formalism used: (a) allows an experimentally
verified model for scattering from one object to be intro-
duced [ie the Love spherical swimbladder model); (b}
describes scatter from one object to adjacent ones; (¢}
includes higher order scatter correlations; ond {d) exactly
accounts for coherent scattering from the aggregate field.

Theory I: Scattering from One Fish

Swimbladder

Devin [8] investigated the effects of radiative, viscous and
therma!l damping processes on air bubbles in water, His
equation of motion for the monopole resonance of a

spherical bubble is
mv + bv + kv =~ Pe'® ()

where v is the differential bubble volume (ie the difference
between the instantaneous and equilibrium volumes). The
coefficient m (= p/4na) is the inertiol 'mass' of the bub-
ble, where a is the bubble radius and p the water density;
and « (= 3yP,/4na3) is the 'adiabatic stiffness', where yis
the ratio of gas specific heats and P, the ambient pres-
sure. The coefficient b describes the damping of the
motion, while P and @ are the amplitude and frequency
respectively of the external pressure field applied to the
bubble. If a harmonic steady state solution of (1) of the
form v=ve™ is assumed, subsfitution gives the Lorent-
Zian resonance response

-P -—(P/mmz)

x—w2m+ia)b=- ?
[ﬂ] 1 .

@ m

v =

(2)

where @, = \/x-/m =LJ37PA/p / ais the resonance fre-
quency. The imaginary component (b/m o} in the
denominator can be identified with a damping constant &
for the bubble with radiative, viscous and thermal com-
ponents, ie,

i=5=5,+5v+5, (3)
mao

in the theory of resonant acoustic scattering by fish swim-
bladders developed by love [4], the quantity & is
replaced by a factor [ wy/® H). The frequency dependent
parameter H also has three components:

1T 1 1 1 (4)

HH H H
In the case of fishes, the domping due to thermal con-
ductivity effects is generally negligible compored to radi-
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in the next section, the target strength is averaged over a
set of randomized fish configurations to simulate the
swimming motion of an actual ﬂsh school. The school tar-
get strength for one configuration is given by

N .
n=1

(47)*P?

2
w? p?

g
TS=]0|Og]0[‘A—;;]=]0|Og'|O (9)

where o, is the scottering cross-section for the school,
and the factors e4, appearing in the numerator of the
RHS take into account the different phases of the scat-
tered field from the various swimbladders.

Modelling Resulis
(o) Simulated schools Schools may be simulated by

grouping together individual fish in o way that approx-
imates the formations fish typically adopt when swim-
ming closely fogether. Here, the fish at any location are
assumed to arrange themselves into basic cellular units.
Each school unit is a cube with a fish in each corner and
one at the centre, all fish having the some size and head-
ing (see Figure 3).

s ,—‘-——4_:/-¢
oG S
_ d

Fig. 3. A basic school unit

The overall ensemble, made from these units, is given
a loosely ellipsoidal shape, to again approach the form
of actual schools. A school is constructed by starting with
a first 'central' fish, and then adding fish sequentially to
the corners and centres of the school units, so as to pack
the school from the centre outwards. The packing density
is parameterized by the mean distance d between any
two closest neighbours p|oced in the corners of the cube.
Of course, as the fish swim along, the distances between
these neighbours will vary from the value of d. The direc-
tion in which the school is swimming may also change in
a quite unpredictable manner. These variations are
accounted for by averaging the target strength of the
school over a series of 'snapshot' simulations. In each
snapshot the individual fish locations are varied ran-
domly from their mean positions with o normal dis-
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L =
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.

8

TARGET STRENGTH (dE)

~30 5'

FREQUENCY (Hz)

Fig. 4. Scattering from a group of 13 fish

tribution of standard deviation . The fish school is .
always ensonified horizontally, but the azimuthal angle
of ensonification is varied randomly between O deg and
360 deg for each snapshot in order to average over
changes of direction. In all the examples considered
here, an average over ten snapshofs of fish positions and
school orientation is taken.

- The first example [Figure 4} is a small ensemble of 13
fish, each of length L = 40 cm. This was constructed from
a cube of 9 fish with 4 additional single fish placed off
the two sides and the front and back. Swimbladder vol-
umes are roughly 4 — 5 % of fish volumes, corresponding
to a bladder radius of about a = 0.05 L. Accordingly, for
these fish, a swimbladder radius of a = 2 ¢m is adopted.
The fish flesh viscosity is & = 500 poise [5]. The value of
d is 40 cm and & is 4 cm. The mean school depth is 50
m. The school target strength is calculated between 0 and
5 kHz. Curve 1 represents the target strength of a single
fish placed at the centre point of the school, calculated
using the Llove model. A peak of approximately -17 dB
is seen ot about 400 Hz. Curve 2 shows rKe target
strength for the 13 fish calculated by incoherently sum-
ming together the scattering cross sections for the indi-
vidual fish and thereby neglecting mulfiple scattering and
phase difference effects. The values of curve 2 are equal
to those of curve 1 plus about 10 log,, (13) {ie = 11 dB),
which is the expected incoherent e?icncemeni. Curve 3,
the school model prediction, has several notable features.
First, the resonance peak is downshifted below that of the
individual fish. This effect has been observed previously
for other types of resonators [10, 11]. Second, the peak
valve of curve 3, while greater than that of curve 1 by
about 10 dB, is less than that of curve 2 by about 1 dB.
Since the dimensions of this school are much less than
the acoustic wavelength at resonance, fully coherent sum-
mation of the scattered wave fields should cause the peak
of curve 3 to be enhanced by 20 log,, {13} (= 22 dB) over
that of curve 1. In fact, the target strengths of individual
fish in the school are strongly suppressed by mulliple
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International Conference

SONAR SIGNAL PROCESSING

(Organised by the Underwater Acoustics Group)
Loughborough University of Technology, Loughborough, UK

18 - 20 December 1995

Monday 18 December
ROY GRIFFITHS MEMORIAL LECTURE
Session 2: Synthetic Aperture Sonar
Recent sea trials of a synthetic aperture sonar - P T Cough & D
W Hawkins « University of Canterbury, New Zealand
3-D high-resolution imaging using interferometric synthetic
aperture sonar - D K Anthony (1), F N Cowan (1), H D Griffiths
(2), Z Meng (1), T A Rafik (1), H Shafeeu (2} + (1) Lough-
borough University, (2) University College London
The application of pixel-based imaging to synthetic aperture
sonar « R McHugh, § Shaw & N Taylor «+ HeriotWatt University
Session 3: Image Processing
Inertial sensing for synthetic aperture sonar « B Haywood -
University of Sydney, Australia
MAP side scan sonar image maotion distortion correcton using
iterative conditional modes and simulated annealing +
R S Beattie, § C Flder « Robert Gordon University, Aberdeen
A multiresolution operator for the segmentation of sidescan
sonar images « D Carmichael (1), L Linnett (2), § Clarke (2) -
(1) DRA, Bincleaves, (2) Heriot-Watt University
Ultrasonic imaging improvement by a cooperative approach »
V Murino & A Trucco - University of Genoa, ltaly
Intensity coding concepts for sonar images » F Creiner,
G Brecht, J-P Babst & ] Ziegenbein « FWG, Kiel, Germany
Spatial interaction models for sonar image data + B R Calder,
L M Linnett & § | Clark + Heriot-Watt University

Tuesday 19 December
Session 4: Sonar Signal Processing
Transducer equalisation: signal representation and filter struc-
ture - M/ D Bishop - DRA, Bincleaves
Investigation of the ambiguity function of a special kind of
sonar signal - f Norrmann - FWG, Kiel, Germany
An extensible systolic convolver for signal processing in time
and frequency domain « H G D Gosling - BAeSEMA, Filton
implementation of digital technology for underwater voice
communications « B Wooedward & H Sari = Loughborough
University
Multipath detection by frequency domain kurtosis estimation -
L Persson (1), F Lindgvist (2), P Nordstrom » {1) & (2) (1) NRDE,
Sundbyberg, (2) CelsiusTech AB, Sweden
A B Wood Memorial Lecture
COMPARISON OF THE ABILITIES OF MULTIPLE ACOUSTIC
TECHNIQUES FOR BUBBLE DETECTION - T G Leighton -
Institute of Sound and Vibration Research
Session 5: Posters
Sidescan sonar image restoration using simulated annealing -
R 5 Beattie & § C Elder - Robert Gordon University, Aberdeen
Architectural and practical issues in sonar system prototyping +
M} D Bishop - DRA, Bincleaves
Influence of area-dependent reverberation on false alarms sta-
tistics in shallow water + D Brecht, F Greiner, J-P Babst & } Zie-
genbein + FWG, Kiel, Germany
Matched field parameter subspace methods for selective high
resolution estimate with reduced sensitivity to mismatch «
H A Chandler, C Feuillade & G B Smith - NRL Stennis Space
Center

Applications of optical and radio aperture synthesis
technique to sonar = G R G Erry & A H Creenaway +
DRA, Malvern

Synthetic aperture sonar imaging of moving targets -
H D Criffiths, R Voles, H Shafeeu & T Clamou « Uni-
versity College London

Comparison of the conventional and the multiaspect
sidescan sonar concept + W fans & | Ziegenbein -
fWG, Kiel, Germany

The optimal wave-number estimation - L G Krasny,
V Yu lapy & 5 P Antonyuk « Inst of Hydromechanics,
Ukraine

A novel time domain beamforming algorithm using
an extensible systolic convolver array -

M A Stinchombe - BAeSEMA, Filton

Frequency tracking based on a dynamic pro-
gramming search of potential tracks « C R Walters -
RMCS, Cranfield University

Underwater acoustic data transmission in shadow
zones with pseudorandom waveforms « Yu Zkharov
& V Kodanev + Andreev Acoustics Institute, Russia

A model for the simulation of sidescan sonar images
« | Bell & L Linnett - Heriot-Watt University

Low sidelobes for arbitrary arrays « 1 f Clarke (1),

A ] Fenwick (2) » (1) DRA, Malvern, (2) DRA,
Farnborough

Higher order reverberation statistics for non-
uniformiy distributed scatterers « A J Fenwick - DRA,
Farnborough

On a choice of the optimum sounding signal for
time-delay spectrometry - A Yaremchuk - Andreev
Acoustics Institute, Russia

A digital implementation of phased-array beam-
forming for chirp sources applied to imaging directly
in ground coordinates « G Shippey & T Nordkvist »
Chalmers University of Technology, Sweden

Wednesday 20 December
Session 6: Beamforming

Automated transducer array optimisation -
P F Dobbins (1) & G J Heald (2) - {1) BAeSEMA,
Filton; (2) DRA, Bincleaves
On the use of array snaking for resolving the rightleft
ambiguity of linear arrays in towed array sonars -
P Voen « FWG, Kiel Germany
Computationally-efficient conventional beamforming
via Chinese Remainder Theorem » K/ Jones - DRA,
Weymouth
Adaptive beamforming robust to moving jammers «
A B Cershman, U Nickel & | F Bohme « Ruhr Uni-
versity, Bochum; FFM, FGAN, Cermany
The importance of stabilization in adaptive sonar sig-
nal processing - D T Hughes & [ | Clarke + DRA,
Malvern
An FFT-based method for broadband constrained
beamforming « L C Godara & M R Sayyah Jahrmi »
University of New South Wales

Conference Organisers:
Professor Hugh Griffiths, University College London & Professor Colin Cowan, Loughborough University of Technology

Institute of Acoustics, Agriculture House, 5 Holywell Hill, 5t Albans, Herts ALT TEU UK
Tel +44 (0)1727 848195 Fax +44(0)1727 850553 email: Acoustics@clus.ulccac.uk
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CALLS FOR PAPERS

One-day meeting

> 'Roughly How Loud Is That?'

Current Issues in Measurement
(Organised by the Measurement and Instrumentation Group)

The Royal Society, London SW1
14 February 1996

The meeting is organised by the newly-formed Measurement and Instrumentation Group of
the Institute. An aim of this Group is to promote best practice in acoustical and vibration
measurements and contributions addressing this aim are sought.

Examples of relevant subject areas are:
Precision of measurement instruments
Calibration issues
The role of standards
Environmental noise measurement methods
New measurement techniques
Education of users in the accuracy of their measurements

It is intended that a workshop discussion will also be held during the course of the meeting.
Intending authors should send a 100-word abstract to the Meeting Organiser at the address
below. Abstracts should be sent to the meeting organiser by 8 December 1995.

The proceedings of the meeting will be published in Volume 18 of the Proceedings of the
Institute of Acoustics {1996). Papers for refereeing must be received by 15 December 1995.
Meeting organiser: Richard Tyler CEL Instruments Ltd, 35-37 Bury Mead Road, Hitchin, Herts
SG5 1RT Tel: 01462 4224117 Fax: 01462 422511

The Auditory Basis Of Speech Perception

Keele University, Staffs
15 = 19 July 1995

Topics will include
Perceptual cues for speech processing
Speech processing under adverse acoustic conditions
Auditory representations of speech
Auditory processing and speech recognition
_Speech perception by the hearing impaired

Application materials for participation, as well as additional information, can be obtained
from Professor William Ainsworth FIOA at the following address ESCA Workshop, Depart-
ment of Communication & Neuroscience, Keele University, Staffordshire ST5 5BG UK. Tel:

44(0)1782 583055 Fax 44(0)1782 583055 Internet: cob03@keele.ac.uk
Deadline for applications: 15 November 1995. Notification of acceptance: 15 February 1996.
(This is not an IOA meeting)

e




\-

INSTITUTE DIARY 1995/6

1995

3 NOV
I0OA CofC in Env Noise
M'ment exam
Accredited Centres

10 NOV
IOA CofC in W'place
Noise Ass't Advisory
Committee
St Albans

16-19 NOV
Reproduced Sound 11
Windermere

20 NOV
IOA Publications,
Meetings Committee
St Albans

21 NQV
Yorks/Humberside
Branch mtg:
Instrumentation/Rev
Chambers
York

22 NOV
Eastern Branch mtg
Medical Acoustics and
Audiology
Cambridge

22 NOV
London Branch mtg:
Annual Dinner
London

22 NOV
Southern Branch mtg:
Barriers - An Update
Winchester

22 NOV
CEng interviews
St Albans

23 NOV
10A Membership,
Education Committee
St Albans

28 NOV
South-west Branch mtg
Strings Ancient and
Moderns + Musical
Acoustics Group AGM
Filton

29 NOV
Midlands Branch mtg
Inaugural General
Meeting
Coventry

1 DEC
IOA CofC in
Environmental Noise
Mm'nt Advisory
Committee
St Albans

4 - 6 DEC
IOSH 95 Exhibition,
Harrogate
fOA exhibiting

7 DEC
IQA Medals & Awards,
Council
St Albans

7 DEC
Southern Branch mtg;
Instruments and PCs -
the Great Divide?
ISVR Southampton

13 DEC
London Branch mtg:
[nstruments and PCs -
the Great Divide?
Epsom

18 - 20 DEC
Underwater Group
Conference - Sonar
Signal Processing
Loughborough

1996

17 JAN
London Branch mtg:
Survey of Concert Hall
Acoustics
London

1 FEB
IQA Publications,
Meetings Committee
St Albans

9 FEB
10OA CofC in Wplace
Noise Ass't exam
Accredited Centres

14 FEB
Measurement &
Instrumentation Group
1-Day Mtg
London

15 FEB
IOA Membership,
Education Committee
St Albans

23 FEB
IOA CofC in Wplace
Noise Ass't Advisory
Committee
St Albans

29 FEB
IOA Medals & Awards,
Council
St Albans

1 MAR
IQA CofC in Env Noise
M'ment exam
Accredited Centres

15 MAR
10A CoiC in
Environmental Noise
Mm'nt Advisory
Committee
St Albans

20 MAR
London Branch mtg:
St Albans

25 - 28 MAR
Underwater Group
Conference - Arrays
and Beam-Forming in
Underwater Acoustics
Bristol

27 MAR
Environmental Noise
Group - Amplified
Music Workshop

17 APR
London Branch mtg:
1-Day Meeting
London

17 APR
IOA AGM and Annual
Dinner
London

25 APR
IQA Publications,
Meetings Committee
St Albans

2 MAY
IOA Membership,
Education Committee
St Albans

9 MAY
10A Medals & Awards,
Council
St Albans

11 MAY
Eastern Branch Dinner
Essex University

15 MAY
London Branch mig:
Croydon

17 MAY
IOA CofC in Wplace
Noise Ass't exam
Accredited Centres

21 - 23 MAY
RoSPA Exhibition,
Birmingham
IOA exhibiting

31 MAY
IOA CofC in Wplace
Noise Ass't Advisary
Committee
St Albans

7 JUN
IOA CoiC in Env Noise
M'ment exam
Accredited Centres

12 JUN
IOA CofC in
Environmental Noise
Mm'nt Advisory
Committee
St Albans

13 - 14 JUN
IOA Diploma exams
Accredited Centres
19 JUN
London Branch mtg
NESCOT

30 JUL-2 AUG
inter noise 96
Liverpool

19 SEP
ICA Publications,
Meetings Committee
St Albans

26 SEP
I0OA Membership,
Education Committee
St Albans

3007
I0A Medals & Awards,
Council
St Albans

11 OCT
[OA CofC in Wplace
Noise Ass't exam
Accredited Centres

24 - 27 OCT
1996 Autumn
Conference — Speech &
Hearing
Windermere

1 NOV
I0A CofC in Env Noise
M'ment exam
Accredited Centres

8 NOV
10A CofC in Wplace
Noise Ass't Advisory
Committee
St Albans

21 NOV
IOA Publications,
Meetings Committee
St Albans

22 NOV
IOA CofC in
Environmental Noise
Mm'nt Advisory
Committee
St Albans

28 NOV
1OA Membership,
Education Committee
St Albans

5 DEC
IOA Medals & Awards,
Council
St Albans




=
=
%

MEMBERSHIP

The following were elected to the grades shown

at the Council meeting on 5 October 1995

o

Acoustics Bulletin

available from the Institute office, price £6.
Fax your order on 017127 850553

Members, Research Contracts, Consultancy
Contracts, PhD theses, Scholarships, Relire-
ments, etc for inclusion in the Bulletin

should be sent to the Editor C/0 thelnstitute

AN

Fellow Yau, TH Foster, C Scarr, | W
Hardcastle,W Yum, K K Gillespie, G G Scott, R
Humphrey,V F Glasson, A N Smith, K
Associate Member Colley, S M Sparks, AV
Member Ahmed, K Granlund, M M Spencer, K B
Anderson, N G Allan, | Greene, C | Spiers, R D
Armstrong, H E Allen, C Hancock, M K Stanworth, | K
Barrell, D § Andrew, | Harris, M Stawarczyk, K )
Bowery, M P Archibald, ] R Harrison, E ) Stirling, TF
Chan, K F M Asbury, A J Herbison, P Straw, R M
Chan, W L Ashton, K L Hind, | Taylor, GM
Chan, Y W Batchelor, C L Hollingsworth, R M Thomas, M P
Chartres, B A Beaumont, C M Hooker, S D Wade, R E
Cheng, Y W Bows, R Horsley, P Walker, A H
Clayton, P Brett, V A Housley, R ) Walker, D M
Coakley, H Brown, PR Howell, ] A Whyman, G D
Friel, B E Brownstone, M S Jones, AP Wild, P C
Gardner, A E Bruckshaw, A Jopson, | S Williams, C M
Cardner, T Butler, T ) Kennedy, C A Williams, D S
Gillott, ) A Casey, L Kimber, M A Williams, P F
Goodhind, | S Cass, HA King, KA L Wood, D R
Hadfield, R D Champion, AW King, R ) Wood, P S
Hewett, M D Chappell, N M Lacey, AM Wright, G C
Hill, M Cheng, K F Larcombe, B D
Khirnykh, K Chuter, M P Lawrence, M R Associate
Knight, R D Clarke, A ') Lees, K Laidlaw, L M
Matthews, A Coates, | G Lewis, R H Richards, S D
Moore, ) Cockett, R Lomas, BH Topham, D A
Philip, D R Colling, G Macleod, D A Wildfire, CE
Price, F E Corfield, R E Marshall, D R
Redknap, J E Craig, | Marya, N K Student
Ribbons, | H Crossland, A L McLoughlin, M H Dewen, T
Roper, R G Ctori, E Mitchard, C Dixon, P )
Song, B S Danylko, A Moore, E | McCambridge, K
Sugden, M A Davis, N R Osler, C | Pardoe, A S
Tang, M C Denston, | V Pollard, | R Tittmar, P S L
Tang, SY Dolley, A M Ralph, D) Webster, S J
Tomalin, ] M Evans, C ) Rimmer, M §
Wantling, S| Everson, M P Robinson, G
Willats, R H Flaherty, S G Roseblade, )
4 Binders N News I
for of

/




Technical Contribution

onance, the individual scattered wave fields interfere
10 sirongly, leading to school target strength volues some-
L 1 times more than 5 dB above or below the incoherent
ot ] summation values.

The third example shows the effects of water depth on
school scattering behaviour. Many large stocks or com-
i | mercially important fish such as whiting, hake, cod and
0l WWWMWMMWW rockfish, occur at depths of 100 to 500 m during the day

and depths from near the surface to 100 m ot night. A
[ 1 length near 40 cm, and other characteristics identical to
-30r y the previous examples, is reasonable for each of these
(a) — 2 1 species [12]. They are modelled here by an ensemble of
123 fish, with d = 40 cm and o = 4 cm. Figure 6a repre-
1 sents a school placed near the surface at a mean depth
of 10 m. Curve 1 shows the incoherently summed target
strength. This has a well defined peak with a maximum
at 2 dB. The resonance frequency is slightly less than
250 Hz. Curve 2 shows the scattering model prediction.
The resonance peak is much sharper, with a marked fre-
quency downshift and a maximum target strength 2 dB
greater than curve 1.. Above resonance the target
strength varies due to interference, with the basic level
about the same as curve 1. Figure &b shows the target
b ] strength of an identical school placed at depth 50 m.
(b) Curve 1, representing the incoherently summed target

0 1000 2000 3000 4000 5000 strength, has a peak 2 - 3 dB greater than in Figure 6q,
FREQUENCY (Hz)

TARGET STRENGTH (dB)

TARGET STRENGTH (dB)

40

Fig. 5. Target strengths for widely dispersed and @
closely spaced schools of 47 fish

scattering effects. Finally, above resonance, curve 3 var-
ies alternately below and above curve 2, due to destruc-
tFideand constructive interference of the scaltered wave
ields.

The second example {Figure 5a) is a larger school of
47 fish with identical individual characteristics to those of
Figure 4. The mean school depth is again 50 m, but now
d = 40 m (e the fish are widely dispersed) and 6 =4 m.
The fish are so far apart that multiple scattering effects
should play only a minor role in determining the target
sirength of the school. Also, o is large enough to ensure
that the individual scattered fields should average inco-
herently and reproduce the result obtained by summing
the cross sections together. Curve 1 represents simple
summing of the individual fish scattering cross sections.
Curve 2 is the school model prediction. Apart from jitter,
due to quickly varying interference effects at successive
frequencies, the model target strength curve essentially
overlays and reproduces the incoherent summation result.
In contrast, Figure 5b shows the result of reducing the
overall school size of the same group of fish, so that d is
40 cm and o is 4 cm. Significant differences appear
belween the school model target strength ie curve 2) and
that obtained from incoherent summation {curve 1}, due
to increased multiple scattering and interference effects

TARGET STRENGTH (dB)

TARGET STRENGTH (dB)

TARGET STRENGTH {dB)

for the (now) closely spaced fish. Multiple scattering hin- 0, e Y

ders the individual resonances so much that the res- ,

onance peak is now several dB below the incoherent Fig. 6. Effects of depth on the target strength of an
ensemble of 123 fish

summation peak and frequency downshifted. Above res-
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and the resonance frequency has increased to about
350 Hz. In contrast, the school scaitering model pre-
diction [curve 2) has a peak reduced by about 4 — 5 dB
for the deeper school, and is about 5 dB less than
curve 1. However, it is also shifted, due to the depth, to a
higher frequency. Comparison of the scattering model
predictions for the two cases suggests that, at greater
depths, muliple scattering interactions between the fish
are more effective in reducing the school target sirength
close to the resonance frequency. Figure éc, showing the
corresponding result ot 200 m, strengthens this con-
jecture. The peak of curve 1, again representing the inco-
herently summed target strength, shows another increase
to about 6 dB, with the resonance frequency increased to
about 700Hz. The scattering model prediction (curve 2)
shows the resonance peck has almost completely col-
lapsed. The maximum value is about — 2.5 dB, which is
more than 8 dB less than curve 1. The peak is much
broader and almost indistinguishable from the variations
in target strength chove resonance due fo interference
effects.

Figure 7, showing the effects of increasing school size
on the average target strength of a single fish in a school,
vividly illusirates the cumulative effects of multiple scat-
tering and interference as the number of fish grows.

0 T T . T Y Y T T

-0} 4

TARGET STRENGTH {dB)

0 1000 2000 3000 4000 5000
FREQUENCY (Hz)

Fi?,. 7. Normalized target strength for a single fish in
schools of increasing size

Again, ensembles of 40 cm fish, with d = 40 cm and
6 = 4 cm, placed ot mean depth 50 m, are considered.
Curve 1 shows the farget strength of a single fish, and is
identical fo curve 1 in Figure 4. Curve 2 shows the target
strength of a school of 13 fish, but a factor of 10 logy(13)
is su%tractea’ to give the average or 'normalized' target
strength for a single fish in the school. The familiar fre-
quency downshift of the peak is seen, and the reduction
in farget strength. Also apparent are the variafions above
resonance due to interference effects. Curve 3 shows the
corresponding normalized target strength of o single fish
in a school of 47 fish. Increased multiple scattering effects
lead to a further downshift in the peak frequency and
reduction in peak value. More target strength fluctuations
due fo interference appear above resonance. Particularly
noticeable is the increasing size of the 'hump' at about
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2700 Hz. Essentially the same remarks must be repeated
for curve 4, which shows the normalized target strength
for a school of 123 fish. Two further general comments
may be made about Figure 7. First, the normalized far-
get strength values at frequencies above resonance for all
three cases [curves 2, 3, 4) oscillate around the values
for a single fish {curve 1) and appear to converge slowly
towards them as the frequency increases. Second, as the
school size increases, odditional interference effects
between outlying fish in the school lead to the appear-
ance of shorter period and higher amplitude variations
in target strength in the higher frequency region. Overall,
Figure 7 seems fo show two main trends. One is the
steady shift and reduction in amplitude of the main peak.
Another seems fo be the increasing number of fluctua-
tions in the high frequency region. This seems to happen

without, necessarily, a major change in the frequencies .

of the major lobes.

(b} Application to experimental data The small school
model has been used successhully to fit experimental scat-
tering data [13]. The method assumes that the acousfic
interactions of fish in a large school are primarily with
those fish in locations immediately adjacent to them, and
that the target sirength of any fish within the school may
be represented by the normalized value for a smaller
ensemble containing this fish. The spectral distribution for
the whole school should then differ only in the overdll
level from that of the small ensemble. The normalized tar-
get sirength of an ensemble of (in this analysis) 123 fish
is calculated, and the fish spacing d, standard deviation
6 and overall scattering level are adjusted fo fit the
experimental data. Several parameters of the school
model are slightly modified to more accurately model the
properties of actual schools, based on field experiments
[5], particularly the lattice structure and swimbladder
radii [13].

Holliday [14] made backscattering measurements
from pelagic schools of fish in the Los Angeles Bight from
January 1o June 1971. Three of Holliday's schools {Tar-
gets A, B, and D) are considered here. These were
observed io be near 20 m, 30 m and 15 m depth respec-
tively, and consisted of anchovy of approximate length
L = 12 cm. The swimbladder viscosity was reduced to
300 poise to model these smaller fish, following data
suggesting a lower viscosity for small physostomes [4].

Figures 8a, 8b and 8¢ show data [curve 1 in each
case) taken directly from Holliday's figures for Targets A,
B, and D, respectively. Deeper fargets have higher fre-
quency resonance peaks. To model a primary resonance
{curve 2 in each case) near the data for each school,
anchovy swimbladders were assumed neutrally buoyant
at 1 m depth, and allowed to compress below 1 m. This
resulted in progressively higher resonance peaks for the
deeper schools, and a good fit to the primary resonance
peak for all three targefs. The small school model was
used [curve 3 in each case), and a best fit was obtained
for Target A, with d = 40 cm and o = 8 cm (Figure 8a).
Using the same model parameters, and just changing the
depth, reasonable fits were also obtained for Targets B
and D {Figures 8b and 8c). This modelling result leads to
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Fig. 8. Model fits to scattering data from schocls of
anchovy

the inference that the anchovy were not tightly schooled
{ie with d = 12 ecm = L), but were somewhat loosely

schooled {with d = 40 cm = 3.3L).

Conclusions

The low frequency scattering model described here is
applicable to small schools of fish. It allows a verified
scattering kernel for an individual fish in the school to be
incorporated, includes all orders of multiple scattering
between the fish, and calculates the aggregate scattering
field of the school by coherently summing the contribu-
tions from individual fish. The model represents the ran-
dom motion of fish within the school, and of the school
itself, by averaging the scattering over o series of snap-
shot simulations. Application to simulated ensembles of

Technical Contribution

—

]

closely spaced fish predicts anomalous reductions in tar-
get strength near the swimbladder resonance from the
levels predicted by incoherent scattering, together with
downward shifts in the peak resonance frequency. Fre-
quency variations in the farget sirength due to con-
structive and destructive interference effects are also
observed. When the model is applied to widely dis-
persed ensembles, it reproduces the results obtained
using an incoherent scattering assumption. The model
indicates that, for larger schools of commercially impor-
tant fish in deep water, multiple scatiering effects may
severely reduce the target strength at frequencies close to
the swimbladder resonance. The collective effects on the
scatering of a single individual in a school show more
fluctuations as the school size increases. The model has
been successfully applied to fit experimental scattering
data from schools of anchovy.
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Consultancy Spotlight

A MONTH IN THE COUNTRY - STARTING
OFF LIFE AS AN ACOUSTIC CONSULTANT

Andrew J Asbury

On 1st July 1995, my role changed from acoustic student
to acoustic consuliant, As such, this article has been writ-
fen fo serve two purposes. Firstly, to tell the acousfics stu-
dents what they can expect fo be doing in their working
life. Secondly, as we come out of recession and job mar-
kets grow, | hope to help the prospective employer get
the most out of their new recruits by presenting them with
a clearer idea of what the aspiring acousfic consultant
may be looking for from @ first position.

| have been studying acoustics for nearly four years
now. Three of those years have been spent at Salford
University, aiming for a degree in Electroacoustfics. A
fourth year was spent 'out' from university, working at
Philips Research, Eindhoven. During this year out | con-
ducted research into the commercial usefulness of loud-
speaker arrays for controlling directivity patterns.

As such, | was one of the few students who, on start-
ing the final year at University, had no knowledge of
consultancy, or even the acoustics industry in Great Brit-
ain. The company | now work for, visited our university
department in January of this year. An open-door ses-
sion was advertised through the Acoustics Department,
and around fifteen people attended to hear what the
company got up fo, and what their future plans were.

It certainly all sounded very appedling. | had found
the office-based departmentalised life of research quite
frustrating and monotonous at times, and consuliancy
seemed to offer a good compromise between academic
and practical work. And so, after a very detailed inter-
view, | was fortunate enough to be offered a job around
March.

My life as a consultant began at 8am on Monday 3rd
July. As my company was very busy, this starting date
had already been brought forward by one month and
my first job was something that | just couldn't miss! | was
travelling on this first day to a British Aerospace sife fo
meet a Rolls-Royce engineer/test pilot and discuss the
construction of a test facility for the new Rolls-Royce EJ-
2000 engine, destined for the European Fighter Aircraft.
I would also be seeing the new British Aerospace 'hush-
house'. In this facility, jet aircraft such as Harrier and
Tornado are wheeled in, clamped to the ground, and the
engines worked to full afterburner. As the nearest domes-
tic dwellings are 1 km away, there was obvious work for
an acoustic consultant, and my company had been
among the design team.

It was perhaps a litfle overwhelming for my first morn-
ing as a consultant, especially when | walked down the
silencer tube (I'm 6'4") and had problems touching the
top of it. 1 also knew that when our company was com-
missioning the Ffacility, one of our consultants measuring
outside was not even aware of when the test had been

started. The elements were ones | had met before, intake
silencers, augmentor tubes, 'pepper-pot' diffusers and
acoustic enclosures, but they were on a scale | could
never before have imagined.

Aher seeing this, Rolls-Royce obviously wanted some-
thing similar. They had obtained an exhaust silencer from
an RAF site, along with three control cabins. We were to
investigate this equipment, and model its effectiveness.
So, my first day's work involved taking dimensions, and
measuring transmission loss.

This was followed up during my first month with more
familiar work. | produced a spreadsheet model that went
from the sound power level from an engine, all the way
through fo the sound pressure level in the nearest back
garden. Also, the Noise at Work Regulations would need
to be assessed for people working near the facility.

Next, basic engineering: if we make an enclosure too
small, how difficult would it be to physically get the
engine in and out? Solution: Make a scale model and see
for yourself2 Finally, meet with a quantity surveyor and
see how much your wonderful ideas will cost!

Also in my first week, | attended a Public Inquiry. A
planned dock extension, for which the outcome is still
pending, was under scrutiny. My company's expert wit-
ness pointed out that the noise from the new site would be
lower than at present for nearby residents, but the oppo-
sition seemed more concerned with the impact on birds.
Being grilled by a london barrister was not something |
expected to happen fo an acoustic consultant! Luckily, the
ace up our sleeve was a Dutch arficle concerning birds
living next to firing ranges. Quite a difference from jet
engines.

The greatest atiraction of a career in consultancy has
to be the sheer diversity of jobs undertaken. It‘is very dif-
ficult fo judge what you will be working on next. The best
example of this during my first month was in Leeds. A
new building refurbishment was exhibiting strange acous-
tical behaviour, and we had been asked to find out why.
On walking into the building, it wasn't too difficult. A
curved section of bare plasterboard in the centre of a ceil-
ing was creating o great deal of flutter echo, making
speech virtually impossible whilst underneath. This flutter
echo was then followed by a slap-back echo from two
bare side walls. This created o very enfertaining, but
highly distracting effect on speech, especially considering
that the room was to be filled with telephone operators.
The next problem was finding a workable solution as the
room had already been filled with desks and computers.
A few weeks later, after resolving that particular problem,
it has been found that the air conditioning units that were
dlready fited before the refurbishment have very poor
vibration isolation and the building's new open-plan
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EFFECTIVE SOUND CONTROL SOLUTIONS

v FROM APPLIED ACOUSTICS VENABLES v

A versatile new option from sound
control specialists, Applied Acoustics
Venables, is the range of foam based
illsonic sound absorption products.

Ideal for industrial and commercial
interiors the illsonic range is made
from illtec, a foam material on a

ILLSONIC SONEX

Ideal for middle and
high frequency
absorption thanks to its
large surface created by
the ‘waffle’ profile.

ILLSONIC BAFFLE
Covered with a resistant
non-combustible fabric
the illsonic baffle can
be suspended horizon-
tally or vertically.

CLASSIC ILLSONIC

(LE= =y S ABSORBER

.] lz@;]ziiﬁgzg*‘lg_ “_'_1:-;@ A lightweight product
=== === for suspension,
U—T-Qﬁ:i“ﬁﬂ__lﬁ_gﬁm:"!:ljz consisting of an illtec

| TS =M Wiserkel core surrounded by an
SR I= ST eagy-to-clean fabric

===l =N=[[=11 :

M= = ==T=]
M==N—=I ===
=== =T = ==

melamine base, benefitting from
excellent sound absorption and low

specific gravity,

There are products for adhesion and
suspension, offering the ability to
control room acoustics, plus a range
of products for suspended ceilings.

7] ILLSONIC DUC PYRAMID
34 With a double sided

4 profile, providing

-y excellent sound

absorption levels to

~' meet the highest
/T4 demands.

ILLSONIC AMBIENT
Components can be
installed into a standard
grid system or fixed
directly to walls and
ceilings. Wide range of
surface structures
available,

For range brochure and comprehensive illustrated technical literature contact:

APPLIED ACOUSTICS VENABLES
Doxey Road Stafford ST16 2EN. Tel: 01785 59131 Fax: 01785 215087
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design suffers from intolerable amounts of structure-borne
sound, another interesting project on the way.

Next, following on from the glamorous world of archi-
tectural acoustics, | was seconded as a sheet metal-
worker's fitter, installing silencers onto a mill in a powder
factory. | had been wondering about the overalls | had
been given! Apart from getting very dusty, | discovered
how a consultant's drawings are turned into real-life
products and installed on site. As an important part of my
training programme, | will shortly be spending o week
working in an engineering factory who produce many of
our noise control solutions. | hope this will give me a
much better feel of timescale and practicability when |
submit drawings in the future.

Nothing really prepared me at university for my first
PPG 24 twenty-four hour survey. A land developer had
proposed the building of two houses very close to a rail-
way line, it was my job to assess the noise on the site.
Starting at seven o'clock in the morning, the first dilemma
came at 8:30. Around the corner from the site, the devel-
oper was already having a garage built and they were
building it during my survey! A tew frantic phone calls
managed to sort that out, thank goodness | had been pro-
vided with o car phone. However, there are rather more
basic problems associated with making a field your home
for twenty four hours, as | am sure it is not foo hard to
imagine. The least of this is being careful what you're
doing when the trains come past.

The neighbours were dll quite friendly up to a point. |
was offered countless cups of tea, then asked what | was
going fo do about the trains at night. By the end of the
morning, | had perfected my look of sheer ignorance
about who | worked for and why | was there. | was also
asked, around closing time, if | really got paid for sitting
in my car all day. It takes a while fo realise that you actu-
ally do.

If all this sounds attractive to any polential consultants,
there are a few things | think you should look for from @
company. Perhaps the most important is a full description
of the job you will undertake. There are more mundane
aspects fo a life in consultancy and it must be tempting
for companies to simply give all this work to their newest
addition. Also, realise that just because you may have
done a degree, you don't know everything about the
real-world of acoustics. Look for a full, structured training
programme, | have been given a comprehensive training
file covering everything from initial induction to all
aspects of consultancy. You should be encouraged by
your company to make additions to this file and write
about what you are doing. This file will become inval-
uable in gaining Chartered Engineer status.

This challenge of training must be addressed by exist-
ing consultancies. It seems that most consultancies rely on
the fact that after a long enough period of time, the new
recruit will have seen most aspects of the job and be able
to start their own work. Not only is this doing the com-
pany and the employee an injustice, it is prone fo pro-
ducing vast periods of tedium. By having a tangible docu-
ment, the new consultant can never claim to have nothing
to do. If | have no specific project to work on, | can sim-
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Consultancy Spotlight

ply turn to my training file and see what | have left to
learn and then be able to approach a broader range of
projects.

Communication is also a key to success during the
start of a career. It is important that both sides be able to
express both praise and criticism, and fime should be set
aside at regular intervals 1o do so. ,

After nearly two months of being a consultant, 1 feel a
valued member of a consultancy team, with my own par-
ticular specialities and responsibilities, not just making the
tea. | have completed the first part of my training pro-
gramme, and am now working toward my three-month
goals. The list of clients the company has worked for in
my first month runs from blue-chip companies to small
engineering works. | have experienced every phase of
consultancy, from sales visits, bidding, surveys an
design solutions to commissioning reports.

I hope | have given food for thought to both employers
and students dlike. | have been lucky enough to find a job
with both a formal training programme and a contractual
commitment to offering a career, not just a job. | also
hope that the fast rising market in consultancy will not
mean that new jobs are simply a stop-gap for busy peri-
ods. For both employers and employees the golden rule
must be that you get out of the job what you put into it.
Andrew Asbury is with a consultancy company in the
North of England <

m 5
ARAVEN
THE ACOUSTIC SEAL OF TECHNOLOGY

LORIENT and RAVEN seals provide high performance insufation
for door assemblies against sound transmission. Applications
include auditoriums, conference rooms, hotel bedrooms, offices
or individual homes in communal dwellings. In addition to
acoustic insulation, many LORIENT and RAVEN seal
combinations provide protection against smoke, fire, weather,
draughts, dust and light.

RP24

A tough perimeter seal which
replaces the conventional ¢oor siop.
For use with single swing doors,

RP38

A heavy duty automatic threshold
seal designed to ba semi-rebated or
face fixed. For use on single swing
doors. i is self-levelling and can be
used with gaps from 3-13mm

A comprehensive manual is being prepared for {aunch at the
INTERBUILD exhibition. Stand No. 3190. To register for the
new brochure please contact:

Janet Cox, LORIENT Polyproducts Ltd. ,
Fairfax Road, Heathfield Ind. Estate, Newtan Ahbot, Devon TQ12 6UD

TEL: (01626) 834252 FAX: (01626) 833166
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CiviL. ENGINEERING DYNAMICS

Inc. Crockett & Associate 83/87 Wallace Crescent
Est. 1948 Carshalton
Surrey SM5 35U
Tel: 0181 647 1908
Fax: 0181 355 1556

THE ENVIRONMENTAL INSTRUMENT HIRE COMPANY

EQUIPMENT & SOFTWARE HIRE NOMIS DIGITAL SEISMOGRAPH
Vibration B&K Vibration — Noise
Nomds Alarm Interface
Noise B&K Disk Drive
CEL Remote Control
Spectrum Analyser Hewlett Packard Remote Trigger
& Recorder Racal Low Level Range Expander
Shakers B&EK Multi-Transducer Unit
Flecrodynamic CED Processing Software—
& Plate Vibrator FFT, Regession Curves
Finite Element ANSYS
Programmes DYNA HIRE & SALE

pecifying Materials?

Wardle Storeys' has more than 25 years' experience in the manufacture of flexible polymeric

materials used for the control of noise in every environment - from buildings to motor vehicles.

Our extensive product range is sold under the tradenames.-

DEDPAN® _ vibration Damping Materials

AVAILABLE IN SELF ADHESIVE SHEET FORM OR SPRAY ON COMPOUND

REV/\C® - Acoustic Barrier Mats / Lagging / Curtains

FROM 5Kg/M? TO 15Kg/M? WITH A CLASS 'O' (TO THE BUILDING REGULATIONS
FOR FIRE PROPAGATION) VERSION AVAILABLE

We also welcome the opportunity to discuss new business

opportunities where our specialist materials know-how can be

applied effectively and economically. If you buy, specify or supply

Noise Control Materials, and require further information please Ty

contact: v ARDI E STOREYS SALES LINE ON
01254 583825

WARDLE STOREYS PLC, DURBAR Mitl, HEREFORD ROAD, BLACKBURN BB1 3)U FAX. 01254 681708
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Obituary

Elfyn Richards died on 13 September 1995. He was
made an Honorary Fellow of the Institute in 1978 and by
that fime he had long since acquired a formidable rep-
utation in the field
of noise control
engineering.

In 1950 he was
appointed to the
first Chair of Aero-

nautics at South-
ampton  University
where he intro-

duced research into
noise and vibration,
hypersonics  and
ship science. Elfyn
established a Fac-
ulty of Engineering
at that University, a

A ' department of Aero-
nautics and Astronautics (with himself as head) and a
Noise Group fo research engineering acousfics and
vibration. Among his earliest protegés were Alan Powell
and Professor J E Flowes Williams.

The Noise Group was so successful that he secured
funding from industry and in 1963 turned the group into
the Institute of Sound and Vibration Research as a depart-
ment within the Faculty of Engineering. Richards sur-
rendered his other professorial posts to become director
of the ISVR, where he encouraged the combination of
academic pursuits with service to industry and the com-
munity at large.

In 1986 he became the first county noise consultant,
at Surrey, and in the same year was appointed Vice-
Chancellor of Loughborough University of Technology.

After refiring at the age of 40 he returned to South-
ampton and the ISVR as research professor, and created
a Research Group in Industrial Machinery Noise and
Vibration.

A schoolmaster's son, Elfyn John Richards was born
into a Welsh speaking family at Barry, near Cardiff, on
28 December 1914. He was educated locally and at
Aberystwyth University College and St John's College,
Cambridge (MA 1939). He claimed a Welsh Archbishop
and a Bishop among his mother's ancestors; her father
was a sea captain who plied the Australian grain route
for many years.

He entered the aircraft industry and during the Sec-
ond World War worked at the National Physical Labor-
atory, directing experimental and theoretical research on
fluid dynamics. After the war Elfyn moved to Vickers
Armstrong at Weybridge, where the first post-war civil air-
craft were being considered. As chief aerodynamicist and
assistant chief designer (at the age of 30) he helped to
design the Viking, Viscount, Valiant and VC 10 aircraft.

In the late 1960s he foresaw that the world was
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‘entering an era of noise limitation'. He was instrumental
in establishing acoustics and vibration as an engineering
discipline and campaigned vigorously for recognition of
noise control as a discipline in its own right.

Elfyn helped to develop a sound suppressor for the
Boeing 707 in 1957 and went on to deliver warnings
about the increase in noise at British airports.

In 1971 he issued a strong statement which described
the unchecked rise of noise levels at Heathrow as 'scan-
dalous' and called for the establishment of an Airport
Advisory Council to monitor airport development.

He was also an early advocate of the importance of
introducing forms of noise control in factories. In 1968 a
study by ISVR revealed that hearing was often seriously
impaired by industrial noise and in 1972 the Department
of Employment issued a voluntary code of practice out-
lining acceptable noise levels in factories. It was gener-
ally agreed that the original code carried little weight and
six years later Elfyn energetically called for measures to
be introduced to make the measure more effective.
'There are at least 500,000 people in this country who
are gradually becoming deat because of noise levels at
work' he said at that time. 'This is a conservative figure.
It could be as high as 1,500,000'. The code was even-
tually enforced in 1990.

He was a founding member of the Noise Advisory
Council set up by the government of the day fo advise
upon approaches to noise control. Elfyn served on a num-
ber of other committees including the Inland Transport
and Development Council, the University Council for
Adult Education, the General Advisory Council of the BBC
and the Wilson Committee on Problems of Noise.

He was president of the British Acoustical Association
from 1968 to 1970. In addition to the Honorary Fellow-
ship of the Institute of Acoustics, he was awarded an
Honorary Fellowship of the Royal Aeronautical Society
and was also the first foreign Honorary Fellow of the
Acoustical Society of America.

The Universities of Southampton, Wales, Lough-
borough and Heriot-Watt acknowledged his international
standing by awarding him honorary degrees and the
Institute of Acoustics presented him with its Rayleigh Gold
Medal in 1986. He was also the recipient of the Taylor
Gold Medal of the Royal Aeronautical Society, the James
Watt Medal of the Institution of Civil Engineers and the
Silver Medal of the Royal Society of Arts. Elfyn received
an OBE in 1958.

The world of technology and the acoustics world in
particular are the poorer for the passing of this warm and
delightful personality. His ability to establish easy rela-
tionships with all around him and his seemingly unlimited
capacity for encouraging young, and the not so young,
research colleagues will be sadly missed.

The many members who knew him would particularly
wish to join with Council in offering sympathy to his
widow and all the members of his family. <>
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New from....

yQUEST"

TECHNOLOGIES

1900/2900 Integrating

Sound Level Meters

for the ultimate in features and value

The 1900 and 2900 Integrating/Datalogging Sound
Level Meters provide the ultimate in flexibility, accuracy
and information.

Now with either
instrument, you can
analyse A, C or Linear
weighled sound levels
using your choice of
exchange rates. You
may also do 1/3 or 1/1
octave band studies
and tie all the
information together in
one file. You can
create and store
multipte files without
having to print or
download the unit and
the information will
stay in memory, even if
you turn the SLM off or
take out the batteries.

@ Integration &
Datalogging

@ Battery Protected
Memory

@® Optional 1/1 or
1/1 & 1/3 Octave
Filters

-
RANGE FUNCTION
| Q B
®SerialorParallel | | woonwe :
Printouts | e |
® Remote Control ' a . .

Via Personal

® Easy Operation

® Durability &
Accuracy

Computer . - .
@ Flexible to Meet BRI EONAEH
Your Needs

For an Information Pack or an On-Sight Priority Demonstration
phone our Industrial Division Direct Line 0181 675 5157

PCWERTH LTD

v L AUDIOLOGY HOUSE

45 NIGHTINGALE LANE
LONDON SW12 8SP.
TELEPHONE: 0181-675 5151
FAX: 0181-675 7577

True 2-channel one-third octave
bandpass and bandstop filter

tuneable ANSI Class Ill bandpass response

switchable to sharp bandstop mode

1U benchtop or rack-mount case

0.01Hz to 99.9kHz centre frequency range

simple front-panel operation

up to 20 dB gain, AC coupling and ICP power, all switchable
single-channel version available

The Kemo VBF 18 provides two channels of true one-third octave
bandpass filter in a compact 1.75-inch high box. The 3-digit resolution of
cutoff frequencies means that all standard centre frequencies in the audio
band can be set. A complementary band elimination mode adds greatly to
its versatility.

Each response is sharper and more accurate than one made up from
lowpass and highpass filters, and requires only one channel instead of
two. A rear-panel parallel input allows for simple remote frequency
switching, and computer interfaces can also be supplied. @ Registered Trade Mark

Kemo Ltd., 12 Goodwood Parade, Elmers End,
Beckenham, Kent BR3 3QZ.
Tel: 0181 658 3838. Fax: 0181 658 4084.

@, STUDFLEX

VIBRATION ISOLATION MATS

» Unique solid/hollow stud design
» Natural rubber to BS 5176
» 4mm Deflection per layer
» Std mat 400 x 400 x 25mm

P Segmented for easy cutting & &

APPLICATIONS

P Recording studios &
P Floating plantroom floors

» Machinery foundations

e 88
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Christie & Grey Limited
wa Kings Hill, West Malling
‘ Kent, England. ME19 BAF

Tel: 01732872244

Fax: 01732 872830
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Engineering Division

—

COMMUNICATIONS FROM THE
ENGINEERING COUNCIL

The New Engineering Council Takes
Shape

Earlier this year The Engineering Council and the engi-
neering institutions agreed to create a new unified body
to represent and focus the interests of the profession. This
will consist of a senate of 54 members from which two
operating boards will be drawn.

The Board for the Engineering Profession {BEP) will
provide leadership across the many engineering dis-
ciplines. The Board for Engineering Regulation (BER) will
set and monitor standards of education, training and
discipline.

Plans have been developed for this new body, which
will retain the name Engineering Council, to begin oper-
ation on January 1, 1996. To ensure an orderly transi-
tion from the present to the future Engineering Council,
16 transifion members of the senate and chairmen of the
senate, the BEP and BER have been elected for one year
by o policy group representing the inferests of the engi-
neering institutions and the present Engineering Council.

The Privy Council will appoint six members and the
remainder of the senate will be elected by engineers on
the register and institution councils later this year. Senate
members will normally serve for three years and these
transitional arrangements have the added benefit of
smoothing the transition to a normal election process.

Dr Alan Rudge CBE OBE Feng FRS FIEE, Deputy
Group Managing Director, BT plc, is to be first chairman
of the senate. Dr Rudge is a past president of the Insfitu-
tion of Electrical Engineers.

The transition chairman of the Board for the Engi-
neering Profession will be Mr Brian Kent Bsc HonDSc
Feng FIMechE FIEE. Mr Kent is chairman of Wellington
Holdings plc and a past president of the Institution of
Mechanical Engineers.

The transition chairman of the Board for Engineering
Regulation will be Mr Robin Wilson, CBE, BSc, HonDSc
FEng FICE FIHT FCIT. Mr Wilson is chairman of the Con-
struction Industry Council and is a past president of the
Institution of Civil Engineers.

1995 Environment Award

Four engineering projects which give priority to environ-
mental issues were the finalists in The Engineering Coun-
cil's prestigious 1995 Environment Award for Engineers.
The award encourages engineers fo demonsirate their
skill and versatility in taking account of environmental
issues when planning projects.

The first prize of £5000 and the Uoyd's Register Tro-
phy went to Stephen Maxwell CEng and lan Barnard
from Cleveland Potash Lid. Their project was the Cleve-
land Cascade Chute the purpose of which was to ensure
that ship loading chutes discharge bulk in such @ manner
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that no dust escapes. As well as the environmental health
benefits of this project, there is no possibility of charged
dust particles causing explosions.

The St Fergus gas—gas exchanger project, won the sec-
ond prize of £1000. This was the work of Keith Sterrow
CEng, John love CEng, and Mike Rothwell CEng, from
Total Oil Marine plc, Aberdeen and is a method of chill-
ing gas arriving from offshore without using the CFC
Freon 12 as the refrigerant. This will ensure that some 30
tonnes of Freon 12 can be removed from the plant by the
end of 1995.

The two remaining projects on the short list and which
were highly commended, receiving prizes of £500 each,
were as follows.

Automobile exhaust gas ignition which was the pro-
ject of Nicholas Collings, CEng, from the Department of
Engineering, University of Cambridge. The purpose was
to reduce exhaust emission from cars and it showed a
way of heating the catalyst in a few seconds from start
by igniting a rich exhaust just ahead of the catalyst,
improving the environmental performance of cars fitted
with catalytic convertors.

The 'Elephant' stabilised soil blockmaker developed
by Arthur George Laming, CEng. This is a tool which can

NOISE VIBRATION
PROBIEENVISZICALINUS!

IEAVVEJCATNGIESOLV EJIIRVV ERUV T
WELL EIY) WIRE) @Y

Machine
Feet

Swivel Feet and
Levelling Elements

i —

Elastomeric
or Cork Pads

Isolated Inertia Blocks
on Elastomerics
or Cork/Rubber

RABREERA

INTERNATIONAL

WELC:OQ 274845 3133 3
EAXCIO0 278535 3117417
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Engineering Division
L 1

be used with ease (particularly useful in the developing
world) to make durable, thermal efficient housing.
The 1995 Environment Award for Engineers was

open to individuals registered with the Council as Char- Building

Acoustics

tered Engineers {CEng), Incorporated Engineers {IEng) or
Engineering Technicians (EngTech), or to teams of engi-
neers and technicians including at least one member who
is registered. Entrants have to be responsible for the
design, manufacture or construction of an engineering

project or process which provides an engineering solu- % i the

tion to an environmental problem. L Y N E w

Message From The Director General

At the ungucd Engineering Assembly held at Exeter on 18 approaCh
July, which provides a forum for engineers to voice their ey

views on professional maters, Mike Heath, the new
Director General of The Engineering Council, made the
following points.

"Instead of receiving a coherent message from the
engineering profession, the government had in the past
tended to get a 'Tower of Babel' response with a different
view from each of the many bodies'.

There had not been an effective mechanism for form-
ing a profession view. This was a weakness in the eyes of
the public and was partly responsible for the relatively
low esteem in which engineering and engineers were
held. ‘It is o much more important weakness, however, in
the eyes of the Government,’ said Mr Heath.

'The sadness was that our national character gave us

a national affinity and flair for engineering but we had
been unable to capitalise on it. The Government, which
today realised that engineering was a great wealth crea- O A new application for
tor for the nation, badly needed coherent advice from the CEL-593/573 REAL-TIME sound
profession'. level analysers

He also highlighted other topics which had driven
home to him very clearly how badly needed was the O Provides reverberation time and
coming together of the profession, which unification rep- transmission loss data
resented. They included: The number and diversity of
technical education initiatives hurled ot schools from the O Automatic, manual or optional
Government, industry, from institutions and the Council remote radio signal triggering
itself, creafing duplication but also leaving gaps; the
overlapping of work by the Council and the insfitutions in O Up to 20 automatic
the regions. measurement repeats

We must now do belter and get our act together in
these and many other ways. No one organisation could O 220,000 value memory for
do it alone. "We can, however, do it together and that, complete data storage
of course, is what unification is about,' said Mr Heath.
Action for Engineering O Choice of noise sources
The efforts by The Engineering Council and the engi-
neering institufions to unify to create a single voice for O Datadownload to PC’s and
the profession is a key component of the Government's printers
'Action for Engineering' initiative.

Dr David Evans, Head of Technology and Innovation
at the Department for Trade and Industry, said that
'Action for Engineering' is aiming to achieve improved S / CEL Instruments Ltd

. . \ 35/37 Bury Mead Road

competitiveness through better use of engineers and \ / Hitchin, Hers SG5 1RT
technicians. ' Tel: 01462 422411

The 'Action for Engineering' initiative was launched INSTRUMENTS Fax: 01462 422511
last October by the President of the Board of Trade in the
wake of last year's competifiveness white paper. g
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ROBUST, IMPACT RESISTANT,
ACOUSTIC CEILING & WALL PANELS

Proven in use for many years, these panels are ideal for
sports halls, schools, offices etc where their
TRAV M : durability, high humidity resistance and acoustic
; : properties have no comparison.
Manufactured from natural compenents and
formaldehyde-free they are simple to install
and available in a variety of finishes, and
edge details.

For further information contact:

Heraklith UK Ltd
Broadway House
21 Broadway
Maidenhead
Berkshire SL6 1JK
Tel: 01628 - 784330
Fax: 01628 - 74788
TRAV R ‘ -

~Hera Klith.

ol

HIGH PERFORMANCE
ACOUSTIC DOORSETS
BY SWEDOOR

Swedoor — the door division of Stora Building
Products is the leading European manufacturer of
timber Sound Reducing Doorsets which combines
efficiency with economy.

STUDI FOUR

Tested up to RW 44dB our doorsets are available in 7 ;..c
co-ordinated sizes or can be custom made to suit i T
individual projects.

A wide choice of surface finishes are available from
natural veneers, laminates or factory painted in an
almost uniimited choice of colour.

Qur factory engineered system provides doors and frames complete with factory fitted
non-projecting ironmongery ensuring quick and accurate installation.

For further information on the Swedoor range of sound attenuating doorsets contact:-

Stora Building Products UK Limited
Scanda House * Acton Close ¢ Long Eaton ¢ Nottingham NG10 1FZ

Tel:- 0115 9725231 Fax:- 0115 9736597
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interenoise 96

Progress Report

It seems a long time now since | pre-
sented the winning bid for
interenoise 9?6 at interenoise 93 in
Leuven. Although the Organising
Committee have been actively pre-
paring for 1996 since then, the
pace of action is increasing steadily
as the event approaches.

Recently the main activities have
been in the general promotion of
the 1996 Congress, arranging
sponsorships and setting up the
panel of organisers for the Special
Technical Sessions. There are two
main activities to report in the pro-
motional field. Ralph Weston took a
display stand, on loan from the
Merseyside Tourism and Convention
Bureau together with associated lit-
erature, to ICA 95 in Trondheim in
June. Also four of the Institute's
organising team attended the 1995
Congress at Newport Beach in July,
where we were permitted to place
the same display stand in a very
prominent location, working dil-
igently to ensure that every delegate
took away material in the form of
tourist information and Beatles car-
rier bags. Cardboard cut-out figures
of a policeman, a Scottish piper and
a Beefeater were provided by the
Los Angeles office of the BTA. Jap-
anese delegates were often seen
having photos taken standing smartly
to attention next to the cut-outs!

After the Closing Ceremony,
Nicole Porter and | gave the tradi-
tional 15 minute slide show, in case
the venue for the 1996 Congress
had possibly escaped the notice of
an occasional delegate, and this
seemed to go down well. This was
followed by a reception attended by
300 plus delegates, where the Eng-
lish beer went down equally well.
CEL Instruments generously spon-
sored this parting celebration; they
also covered the cost of picture post
cards of the Liverpool waterfront at
night with an invitation to attend
Interenoise 96 on the reverse.

| attended the 1995 meeting of
the Executive Board of I/INCE and
gave a detailed progress report and
realised then that we needed to

Conference & Meeting Reports
B e s Spe s

make use of other major national
conferences world-wide to publicise
Liverpool and accordingly arranged
for promotional literature to be dis-
played at the annual gatherings of
the Japanese, Canadian, ltalian,
Brazilian societies. This is in addition
to the several thousand copies of the
Call for Papers kindly distributed on
our behalf by our sister societies in
I/INCE including DEGA, SFA and
ASA. 600 copies of the Call for
Papers were also sent for distribution
with a mailing of Acoustics Australia
and a major world-wide mailing has
been completed using the databases
of delegates at earlier Congresses. |
think | can safely say that a large
percentage of the world's acous-
ticians and noise control engineers are
now aware of the venue and the dates.
lan Campbell, now of Gracey &
Associates, has been working hard
attracting an initial list of sponsors.
Among his successes to date is the
British Tourist Authority who are
helping with a proportion of some of
the costs involved in mailing over-
seas. Another has been a discount
arrangement with British Airways.
The initial distributions are soon
to be reinforced by a Final Call for
Papers and an internet Home Page
is being generated. The Final Call
carries information about the named
topics. At the time of writing we
have 44 Special Sessions (which is
rather more than this year) and two
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workshops. It is an encouraging

Bernard Berry and Nicole Porter at the Closing Ceremony, interenoise 95

omen that for those Special Ses-
sions, very many potential session
organisers responded positively to
approaches at Newport Beach from
Nicole and me.

As a result of that effort, and
from other subsequent contacts, 71
organisers or co-organisers from 15
countries are now listed in the Final
Call for Papers — a veritable inter-
national Who's Who of the noise
control discipline. The expectation is
that during the next 3 months each
of these subjects will yield a list of 8
to 10 papers to act as the main
skeleton of the eventual programme.
For the purpose of organising the
final timetable, it seems inevitable
that some of the topics will be amal-
gamated to form larger ones or else
will fissure to spawn additional
ones. Indeed this had already hap-
pened in the Active Control sessions.
In this way we should reach our
framework target of 350 papers to
which will be added the ogers of
contributed papers (of which we
have already received an encour-
aging number) received in response
to our literature distributions.

We hope as many as possible of
the papers will originate from the
UK; to offer your contribution con-
tact Nicole, who is Technical Pro-
gramme Manager, at NPL on 0181
943 6705 or fax 0181 943 6217;
alternatively contact may be made
through the Institute office.

Bernard Berry ¢
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BRIDGEPLEX LTD.

SOUNDCHECK

ACOUSTIC WALL COVERING SYSTEMS

¢ Acoustic performance can be tuned to your needs.
e Requires minimum surface preparation.

Fit to walls, ceilings, curved surfaces, reveals,
almost anywhere..

* Quick and easy to install.

Fitted by our trained staff.

Impeccable finish.

Ideal Applications: Recording Studios, Music Rooms, Cinemas,
Leisure Centres, Conference facilities, Video Conference rooms,
Dealing rooms, TV and Radio Studios, Art Galleries...

For further details, list of references, contact:
BRIDGEPLEX LTD. Tel: 0181 789-4063 Fax: 0181 7854191

COATINGS FOR ACQUSTIC
CONTROL

AUDEX Acoustic Plasters achieve a high
degree of sound absorption across the entire
frequency range. With a choice of three
systems AUDEX can provide the perfect
solution to any sound absorption problem.

MANDOLEX MX11 Anti-Drumming
Compound is an effective panel damping
material. Class 0 to the Building Regulations
for Fire Propagation, MANDOLEX MX11 is
suitable for use on all types of panels
including those used for rain screens, tunnel
linings or in underground stations.

Mandoval Coatings Limited, Lawn Road Industrial Estate
Carlton-in-Lindrick, Nr. Worksop, Notts. S81 9LB
Tel: 01909 540444 Fax: 01909 733637 Telex: 858094

Acoustic

Consulting
Engineers

Acoustic Techhology is a well _
established engineering consultancy
with 25 years experience of noise and

vibration engineering.

The company provides expertise from planning and
inquiry work, conceptual and detail design engineering
through to turnkey noise control engineering projects.

The noise and vibration division is seeking to recruit
individuals to act as consulting engineers, experience
in environmental noise, computer modelling, noise
control engineering and troubleshooting would be a
distinct advantage.

The roles will be challenging and will be suited to
persons who are highly motivated and are able to work
with, and gain respect from, a young highly skilled
dynamic workforce. Above all they will need the desire
to succeed.

If you believe your background and skills are suited
to the above positions then please submit C.V.'s in
the first instance to:

Mr. M.J. TEAGUE

Managing Director

Acoustic Technology Limited
36-38 The Avenue
Southampton SO17 1XN

ol
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News from the Industry

New Products
Briiel and Kjeer (UK)
New Brochure

A new brochure from B&K describes
the time savings which the company
claim arise from the use of their
Type 2236 Sound Level Meter
which, both in the field and back in
the office, eases the effort required
for environmental and workplace
noise monitoring.

Because the 2236 measures all
the parameters required for a com-
plete characterisation of a noise nui-
sance simultanecusly, and stores a
full day's measurements in memory,
it substantially reduces the time
needed to collect information. Built-
in sofiware transfers results into o
Microsoft Excel spreadsheet, mak-
ing graphical representation of
results quick and easy.

Further information: Tim Hoban,
Briel and Kjeer, 92 Uxbridge Road,
Harrow HA3 6BZ Tel: 0181 954
2366, Fax: 0181 954 9504,

Bruel and Kjaer is a Key Sponsor
of the Institute.

Gracey & Associates
Available for the NOR-110

Norsonic AS have announced the
infroduction of the real time fre-
quency analysis option for their
popular NOR-110 Sound Level
Analyser. The current facilities that
provide extensive funchions covering
environmental and  architectural
applications have ensured a large
and professional user base who will
appreciate the addition of the new
real fime frequency analysis
functions.

The instrument will now provided
real fime frequency analysis over
the range from 1 Hz to 20 kHz in
either third or full octave bands with
the simultaneous measurement of
number of broad band indices. A
full range of time averaging and
storage functions are provided that
allow the power, maximum and
minimum spectra fo be obtained
simultanecusly. Being in full com-
pliance with the latest issues of the
British and International Standards
the instrument is available with

NAMAS certification if required.

The growing demand for the doc-
umentation of the spectral content of
'offending’ noises in nuisance inves-
figations and the move ftowards
product noise certification pro-
grammes are only two of the many
new applications that the real time
option for the NOR-110 will open
up.
l:’All new NOR-110 Sound Level
Analysers are delivered with the new
option whilst instruments already in
service may be fitted with the new
option by simply returning them fo
the Authorised UK distributors
(Gracey and Associates) for a firm-
ware upgrade, although with some
of the very ear}ﬁeuniis hardware
modification may be necessary.

For further information contact
lon Campbell of Gracey and Asso-
ciates, High Street, Chelveston,
Northamptonshire NN9 6AS Tel:
01933 624212 Fax: 01933
624608
Gracey & Associates is a Spon-
soring Organisation of the Institute.

CEL Instruments
Building A ics — A

r
A new building acoustics measure-
ment system has been announced
which will, say CEL Instruments, take
reverberation time and transmission
loss measurements in buildings into
a new era.

The system combines a CEL real-
time sound level analyser to carry
out the measurement, control and
analysis functions together with a
choice of noise sources.

The andlyser, weighing less than
a kilogram, acts as the core of the

system and uses its advanced pro-
cessing power and speed to give the
operator a range of features usually
associated with much larger and
heavier instruments.

The building acoustics applica-
tion provided by the analyser has
four modes of operation; reverbera-
tion fime measurements with an
impulsive or constant noise source
and measurement levels on the trans-
mit and receive sides of a parfition.

All of these operating modes can
be used with any of the bandwidths

(Broadband, Octave or Third
Octave) that are available for CEL
analysers.

The application is an opfion for
all new CEL sound level analysers or
can be installed quickly in existing
units because no hardware changes
or accessories are needed.

The easily portable CEL electronic
noise source incorporates a com-
bined loudspeaker/amplifier unit, a
graphic equaliser and a pink noise
source. This can be remotely frig-
gered from the analyser, via an
optional radic transmitter, thus elim-
inating the problems associated with
long cable connections. It can also
be set to automatically trigger, up to
20 times, for repeated tests.

The hand-held analyser can dlso
be used on its own to measure the
effects of an impulsive noise, like that
provided by the CEL dummy pistol,
in large spaces like auditoria.

With clear menu prompts, many
of the expected measurement criteria
are automatically calculated. The
'Fastore’ rapid data storage facility,
supplied with the building acoustics
package, can be used separately for
the capture of other transient signals

contact

Keith Rose FIOA
Brook Cotlage
Royslon Lane
Comberton
Cambs CB3 7EE

Tel 01223 263800
Fax 01223 264827

\
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News from the Industry

like vehicle drive by, speech and

ballistics tests.

For information on the CEL build-
ing acoustics application contact CEL
Instruments Lid, 35 - 37 Bury Mead
Road, Hitchin, Herts SG5 1RT Tel:
01462 422411 Fax: 01462
422511.

CEL Instruments is a Key Sponsor of
the Institute.

KEMO Lid
T
modes

The new VBF18 from Kemo is a true
adjustable bandpass and bandstop
filter which can be fitted with one or
two signal channels, each of which
can be freely switched from band-
pass to bandstop mode. The new fil-
ter, which offers a cutoff frequency
range from 0.01 Hz to 99.9 Hz, is
designed to offer sharp bandpass
and band elimination responses
from each channel.

In bandpass mode, the character-
istic of the signal channel meets
ANSI Class Il specifications for one
third octave filters and the ability to
set the frequency with a resolution of
three digits allows alf standard band
centres to be set.

When switched to bandstop
mode, the VBF18 provides a notch
filter response with theoretical ripple
of + 0.1 dB in the upper and lower
passbands. Response is typically
1 dB down at points one-sixth of an
octave each side of the cut-off fre-
quency and typically greater than
50 dB down in a region & 2% from
the notch centre.

The VBF18 features simple front
panel operation with frequency
being set by three rotary decade
switches and a range switch. The
control lines of the two channnels
can be linked so that one follows the
seftings of the other and a rear
panel socket allows for external
remote-control options. Each chan-
nel has a switchable AC coupling
and 0/10/20 dB input gain. A
4 mA transducer supply is also fit-
ted. The VBF18 is housed in a 1U
high case suitable for bench use or
19 inch rack mounting.

For further information contact:
Terry Grinstead, Kemo Utd, ¢ - 12
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Goodwood Parade, Elmers End,
Beckenham, Kent, BR3 3QZ Tel:
0181 658 3838.

Pioneer High Fidelity Ltd

Pioneer High Fidelity Ld have
launched the D-9601 DAT recorder
for the professional audio market.
Dubbed 'HS DAT' (High Sampling),
the D-9601 can operate at a 96
kHz sampling rate, twice that of
conventional DAT recorders. It can
also operates at 88.2 kHz as well as
the standard 44.1 kHz and 48 kHz
sampling frequencies. The D-9601
will be available exclusively in the
UK from HHB Communications Uid.

To achieve 96 kHz sampling the
tape passes the head drum at 16.3
mm per second rather than the nor-
mal 8.15 mm per second, and the
head drum's rotational speed is
doubled from 2000 to 4000 rev/
min.

As o result high frequency
response increases to 44 kHz ond
any undesirable side-effects of anti-
aliasing and post-DAC filtering are
forced an octave higher in
frequency.

For further information may be
obtained from: Steve Angel, HHB
Communications Tel: 0181 962
5000, Fax: 0181 962 5050, or
John Bamford, Pioneer High Fidelity,
Tel: 01753 789583 Fax: 01753
789528,
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News

Arup Acoustics

Milton K Ir I

The picture below shows the acous-
fic scale model which Arup: Acous-
tics have been using to optimise the
acoustics within the Milton Keynes
Theatre. A feature of the design,
which has been tested in the 1:50
scale model, is a moveable ceiling
[similar to that in the Theatre Royal,
Plymouth). This moves up and down
ot the touch of a button, to change
audience capacily, overall appear-
ance and acoustics according to the
performance.

Other variable acoustics ele-
ments will complement the effect of
the ceiling. Originally intended to
be part of a commercial develop-
ment, alternative funding for the
theatre is being progressed.

For further information contact
Rob Harris FIOA, Arup Acoustics,
Parkin House, 8 St Thomas Street,
Winchester SO23 9HE Tel: 01962
B&9111 Fax: 01962 867270.

Health and Safety
Executive

New Practical Guide

The HSE have produced a practical
guide, 'Hedlth Risk Management’
for managers in small businesses.
Designed to help managers control
health risks arising from work, the

3
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News from the Industry

booklet details case studies to illus-
trate particular points. Each year
2.2 million people suffer ill health
cavsed, or made worse by work.
The number of accidents which
occur in the workplace each year is
1.6 million. In total 30 million work-
ing days a year are lost due to acci-
dents and ill health. 'Health Risk
Management' aims to show man-
agers that identifying and con-
trolling health risks before they
become a problem will help to
improve the control of risk within the
workplace. Hazards dealt  with
include noise in the workplace.
Copies of 'Hedlth Risk Management'
HS(G) 137 ISBN  number
0717609057 can be purchased
from HSE Books, PO Box 1999,
Sudbury, Suffolk, CO10 &FS Tel:
01787 881165 Fax: 01787
313995.
Health Campaign
HSE also launched a major health
management campaign on 5 May
aimed ot reducing the number of
people who suffer ill health caused
or made worse by work. The Cam-
paign, 'Good Health is Good Busi-
ness' is being backed by Sir John
Harvey-Jones MBE and asthma phy-
sician, Professor Anthony Newman-
Taylor of the Royal Brompton Hos-
pital, London. The campaign will
run for three years and is aimed at
persvading managers in all firms to
take action to make sure that their
work does not make employees ill.
During the first year of the cam-
paign inspectors. will carry out
about 400 in-depth visits to com-
panies and organisations to look af
health management systems and
performance in dealing with each of
this year's health risks — noise,
strain  injury and  respiratory
problems.

UKAS
itation B

The Department of Trade and Indus-
try announced on 3rd August a new

national accreditation  body, the
United Kingdom Accreditation Ser-
vice {UKAS). UKAS takes over the
work of the National Measurement
Accreditation  Service [NAMAS),
and the National Accreditation
Council for Certification Bodies
{NACCB), hitherto operated as part
of the National Physical Loboratory
and the British Standards Organ-
isation respectively. It will provide a
unified national accreditation service
for laboratories performing fests and
calibrations as well as bedies under-
taking certification of products, per-
sonnel or systems {including environ-
mental management and  audit
systems).

UKAS is a new private sector
company, operating under the terms
of a Memorandum of Understanding
with DTl which recognises its unique
national role in the field of
accreditation.

UKAS will accredit in its own
right, and be able to use the familiar
NAMAS and NACCB accreditation
logos incorporafing the Royal
Crown, subject to strict compliance
with national and internafional regu-
lations and standards.

UKAS is a non-profit distribufing
company and it has no share cap-
ital.  Operating surpluses are
retained within the business and
used for developmental purposes.
UKAS members will be organ-
isations representing a balance of
those with a significant interest in
accreditation,  direct  customers,
industry, the end-user and govern-
ment. UKAS will be managed by a
Board of Directors consisting of four
non-executive directors  (including
the Chairman) and three executive
directors  (including the  Chief
Executive).

Dr Douglas Munro has been
appointed as Chief Executive of the
new company; he joins Chairman Dr
Bryan Smith.

NAMAS now stands for National
Accreditation of Measurement and

Sampling and NACB for National
Accreditation of Certification Bodies.

Essex University

The Department of Electronic Sys-
tems Engineering at Essex University
announce a new MSc postgraduate
course in Audio Systems Engi-
neering. The course is designed to
reflect and respond to the rapid
pace of development in this
technology.

Further details from Professor
Malcolm O Hawksford FIOA, Depart-
ment of Systems Engineering, Uni-
versity of Essex, Colchester CO4
35Q0 Tel: 01206 872419/8 Fax:
01206 872%00.

Industrial Acoustics
Company (IAC)

IAC has announced the completion
of two aircraft test facilities, one in
Portugal and the other in Holland.

i} Aircraft/engine hush house for the
Portuguese Air Force.

This has just been completed at a
location 130 km north of Lisbon at
one of the Air Force's main sirike
bases at Monte Redl. It is capable of
testing F100 and TF30 engines both
installed in their aircraft and unin-
stalled on o test stand. The hush
house — so named for its ability to
reduce the very high noise levels
generated by engines under fest to
no more than a loud hum outside-
exceeds the project's acoustic spec-
ification in culting noise emissions fo
just 70 dB(A) at 200 metres.

The facility has two separate con-
trol rooms from which engine ftest
roufines are set up and observed.
These rooms have very high noise
reduction properties to allow control
room personnel to run engines up to
full power in comfort and safety.
While an F16 running af maximum
re-heat emits a noise level of over
140 dB(A)} just a few metres away,
inside the control room the noise

N°0298, 029651

TESTING Tel: 0115 945 1564

The Building Test Centre A

PROBABLY THE BEST ACOUSTICS LABORATORY IN THE WORLD !

Fax: 015092 856 780

building
test centre
|
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Acoustlc Solutlons

AXTER have the roofing products, the expertise and the
designs to give your buiidings’ occupants the acoustic
protection they need

AXTER offers a choice of roofing specifications o suit a
wide range of absorption and ingulation values right
across the sound spectrum

Typical indices are:
o (mean) from 0,65 to 0,98 Rw from 42 to 63 dB
AXTER Acoustic Systems incorporating EXCEL
waterproofing membranes come complete with a 15 or 20

year GOLDSHIELD GUARANTEE covering products,
design and workmanship

AIAIM

ACOUSTIC AIR TECHNOLOGY
LIMITED
Internal Sales and Applications Engineer

AAT manufacture a wide range of quality
noise and vibration control equipment and
are seeking a young enthusiastic person with
technical experience in the field of Noise
Control Engineering to be based at the
company’s Weston-super-Mare office.
Candidates should ideally hold a diploma in
acoustics and be a member of the Institute of
Acoustics.

Please write in confidence with CV to:-
Mr J Butt

Acoustic Air Technology Limited
Acoustic House

1 Salisbury Road

Weston-super-Mare

AVON BS22 8EW

INDOOR F2as

[ AXTER

Building with Acoustics in mind

AXTER LIMITED Cliff Road, Ipswich, Suffolk, IP3 0AY
Telephone (01473) 217154 Fax (01473) 232118
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DESIGNFOR

A QUIET LIFE

|
I-'OA/M-LBJI/D-FOAM SOUND BARRIER
| NOISE CONTROL MATERIAL |

CAN ACHIEVE 40|-50 l!)ECI'BEl I!lEDUICTIO’NS
P
¢ Extensive range ex-stock p

Self-adhesive backing |
e Clean & simpleto apply
. Die-cut to your drawlngs

FERGUSON JL
TIMPSUN'II'

|
-+— FERGUSON & TIMPSON LIMITED 5 ATHOLL AVENUE, HILLINGTON, =1~
GLASGOW G52 4UA. TELEX: 77108, TEL: 0141-882 4691, FAX: 0141-810 3402,
BRANCH OFFICES AT: LONDON, BIRMINGHAM, HULL, LIVERPOOL
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News from the Industry

level is below 65 dB(A).

ii) Special indoor T56 engine test
facility for Royal Netherlands Navy.
The facility is used by the Navy to
test the T56-A-14 engines which
power its Orion P3 aireraft. It also
contains a separate area in which
Garret  Auxiliary Power Units
(APU's) are tested. Previously the
Navy had tested its engines on a
remote site in the open air. How-
ever, problems from noise pollution
and difficulties created by erratic
weather conditions were major fac-
tors in the Navy's decision to bring
the entire test process inside.

The new IAC-built fest cell,
located at Valkenburg naval air sta-
fion in the western part of the Neth-
erlands, is unusual in severdl
respects. Whereas most turboprop
aero-engines are tested with a
dynamometer providing the appro-
priate loading, in this facility an air-
crak propeller performs this function
thus saving the cost of a dyna-
momefer and services and speeding
up the test process. To combat
noise, IAC built the test cell and con-
trol room from sound-absorplive

high performance Noise-Lock mod-
ular panels in a portal steel frame,
the whole structure being lined
externally with weatherproof clod-
ding. The facility met a specification
of 68 dB(A) at 25 metres.

Further information from Simon
White, IAC Tel: 01784 456251
Fax: 01784 463303.

IAC is a Sponsoring Organisation
of the Institute.

LMS International
isition of Skal mputer

LMS International has acquired Ska-
lar Computer GmbH, o man-
ufacturer of mobile multichonnel
dota acquisition systems, based in
Gottingen, Germany. The company
has been renamed LMS Skalar
GmbH and becomes a product divi-
sion of the LMS International group.
Dr Helling and Dr Langhans, t?\e co
founders of Skalar, continue the
management of LMS Skalar. The
Skalar system will be marketed
under the name 'Roadrunner’.

LMS International is @ Sponsoring
Organisation of the Institute.

HHB L

Portadat

HHB have recently published the first
edition of a news bulletin which
aims at demonstrating the different
uses of PORTADAT porfable DAT
recorders. The PORTADAT News
Bulletin is available free of charge
from HHB in London or any of their
distributors worldwide.

HHB Communications, 73-75
Scrubs lane, London NW10 6QU
Tel: 0180 962 5000 Fax: 0181 962
5050 email: sales@hhb.co.uk. %

Due to a printer's error, the
address for KFA Sound
Design & Construction in the
advertisement on the back
cover of the 1995/6
Register was given
incorrectly. It should have
read Royal Ordnance Unit
G403, Beechfield Walk,
Sewardstone Road, Waltham
Abbey EN9 1AT. Tel: 01992
653324 Fax: 01992
653321

CORK INSULATION Cao. LTD.

Thames House, Wellington Street

Woolwich, London SE18 6NZ

Specialist manufacturers, suppliers and
installers of Studio acoustics

@ Modular Acoustic Absorbers and Functional Absorbers
@ Acoustic Doors
@® Acoustic Quilts/Blankets and Drama Curtains

@ Acoustic Screens. ‘Soundtrack’ Fabric Fixing System

All products conforh to BBC specifications.

Full Acoustic Absorption data available for all modutar absorbers

Further information and details from

Grahame O’Connor Tel 0181 317 0811 Fax 0181 317 3509
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Tailpiece
o—

Non-Institute Meetings

1995

20 - 22 Odlober

2nd International Acoustics Meel-
ing, Valdiva, Chile

23 October

Doppler Ultrasound: Its Develop-
ment and Clinical Application,
London

23 - 26 October
Environmental Protection 1995,

Scarborough

7 - 10 November
lEE International Ultrasonics Sym-
posium, San Francisco, U S A

7 ~ 9 November
Noise and Vibration 95, Pretoria,
South Africa

15 - 17 November

Acoustics Applied, Annual Confer-
ence of the Austrialian Acoustical
Society, Fremante, Western
Ausfralia

16 — 17 November
Gearbox Noise, Vibration and
Diagnosfics, London

21 — 22 November

Annual Meeting of the Brazilian
Acoustical Society, Sao Paulo,
Brazil

26 - 27 November
Spectral & Phase Space Techniques
in Acoustics, St Louis, USA

27 November - 1 December
Asia-Pacific Vibration Conference,
Kuola Lumpur, Malaysia

27 November — 1 December
130th Meeting of the Acoustical
Society of America, St Lovis, U'S A

4 - 7 December

International Conference on Struc-
tural Dynamics, Vibration, & Noise
Control, Hong Kong

5 - 7 December

British Medical Ultrasound Society,
Annual Scientific Meeting & Exhibi-
tion, Torquay

48

1996

10 - 11 January
Second Annual Meeting, Society of
Acoustics, Singapore

19 - 21 February
1st Australasian Applied Mechanics
Congress, Melbourne, Australia

22 - 24 Febrvary
National Hearing Conservation
Association, San Francisco, USA

26 - 29 February
DAGA - German Acoustical Society
Meeting, Germany

1 -4 April
Forum Acusticum, 1st Convention of
the EAA, Antwerp, Belgium

26 - 28 April
Calgut Acoustical Society, Mich-
igan, USA

11 - 14 May
100th Audio Engineering Society
Convention, Copenhagen, Denmark

13 - 17 May
1315t Meeting of the Acoustical
Sociely of America, Indianapolis,

USA

21 - 24 May
4th Speech Production Seminar,
France

27 - 31 May
International Symposium on Acous-
tic Remote Sensing of the Atmos-
phere & Oceans, Moscow, Russia

28 - 31 May
Noise and Planning '96, Pisa, ltaly

12 - 14 June
Nordic Acoustical Meeting, Finland

16 - 20 June
13th International Congress of Audi-

ology, ltaly

17 - 21 June

14th International Symposium on
Nonlinear Acoustics, Nanjing,
China
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24 - 26 June
International Symposium on Non-
linear Acoustics, Netherlands

24 - 28 June

3rd European Conference on Under-

water Acoustics, Heraklion, Crete

26 - 31 August

19th International Congress on The-
oretical & Applied Mechanics,
Kyoto, Japan

9 — 13 September

2nd Evropean Nonlinear Oscilla-
tions Conference, Prague, Czech
Republic

15 - 20 September

25th International Congress on
Occupational Health, Stockholm,
Sweden

18 - 20 September
Noise & Vibration Engineering Con-
ference, Leuven, Belgium

23 - 25 September
FASE Symposium on Transport
Noise, St Petersburg, Russia

29 September - 2 October
Noise-Con 96, Bellevue, USA

3 - 6 November
1996 |EEE International Ultrasonics
Symposium, Texas, USA

7 = 10 November
101st Audio Engineering Society
Convention, Los Angeles, USA

27 - 29 November

3rd International Conference on
Vibration Problems, North Bengal,
india

2 - 6 December

132nd Meeting of the Acoustical
Society of America, Honolulu,
Hawaii, USA

8 - 13 December
14th World Conference on Non —
Destructive Testing, India

1997

21 - 24 April

International Conference on Acous-
tics, Speech and Signal Processing,
Munich, Germany
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D
do

Group
Limited

Noise Control
Engineers

30 years’ comprehensive practical experience has
gained the Salex Group the status of leader in all
aspects of noise and vibration control for all
applications. This has given the Salex Group a
name and reputation second to none, not just in
the U.K, but Worldwide.

Noise Surveys

Acoustic & Aerodynamic
Laboratory

Product & System Design
Product Development
Manufacturing
Contract Management
Installation
Commissioning
After Sales Service

The Salex Group Manufacturing Companies

Sound Attenuatars Ltd., (Inc. Sound Attenuators Industrial) « Salex Acoustic Materials Ltd.
* Salex Interiors Ltd.

HEAD OFFICE & LONDON MANCHESTER YORK SCOTLAND
FACTORY Saxon House Six Acre House Belan House Suite 1
Eastgates Downside Town Square 19a Front Street Level 9
Colchester Sunbury-on-Thames Sale Acomb The Plaza Tower
Essex Middlesex Cheshire York East Kilbride
GOt 2TW TW16 6RX M33 1X2 Y02 3BW G74 1LW

Tel: 01206 866911 Tel: 01932 765844 Tel: 0161 969 7241 Tel: 01904 798876 Tel: 013552 20035
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The World’s First

Dedicated Hand Arm Vibration Meter.

E.PM. is proud
to announce the
world’s first
dedicated Hand
Arm Vibration
Meter. The VIS-
015 is designed
specifically to
meet the
proposed
European Unton
Physical Agents
Directive.

Frequency
Weightings to the
requirements and

accuracy of

ISO 8041

Displayed in
accordance with
ISO 5349

Three
Measurement
Ranges

Designed to measure Hand Arm Vibration levels in accordance with

Health and Safety requirements and the E.U.P.A.D., the Human

Vibration Meter will give measurement of both instantaneous vibration

levels and the equivalent 8 hour exposure.

Includes Real Time Clock and Profile.

Allows 7 separate vibration measurements to be collected in each Run

then gives the user options to enter exposure time for all relevant

measurements and combine them to give the overall daily

exposure in an easy to use program routine.

European Process Management Ltd

Newby House, 309 Chase Road, Southgate, London N14 6JL.

Tel 0181 882 6633 Fax 0181 882 6644
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