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ProPG aims to put good acoustic design at the heart of new home building
The Institute of Acoustics is the UK’s
professional body for those working in
acoustics, noise and vibration. It was
formed in 1974 from the amalgamation
of the Acoustics Group of the Institute
of Physics and the British Acoustical
Society. The Institute of Acoustics is
a nominated body of the Engineering Council, offering registration at Chartered and
Incorporated Engineer levels.
The Institute has over 3000 members working in a diverse range of research,
educational, governmental and industrial organisations. This multidisciplinary culture
provides a productive environment for cross-fertilisation of ideas and initiatives. The range
of interests of members within the world of acoustics is equally wide, embracing such
aspects as aerodynamics, architectural acoustics, building acoustics, electroacoustics,
engineering dynamics, noise and vibration, hearing, speech, physical acoustics,
underwater acoustics, together with a variety of environmental aspects. The Institute is a
Registered Charity no. 267026.
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St Albans

Dear Members

I submit these introductory letters
a month before publication of the
Bulletin, and I’ve been trying to start
this one for three weeks. I found
that I couldn’t concentrate enough
to make a start on it, in the wake of
the Manchester bombing. Something
so tragic, so pointless and very close
to home, in a venue my colleagues
helped to design in my home town
of Manchester. And then it all
happened again.
But something else happened too
– people pulled together, went to a
massive concert just up the road to
raise money for the victims’ families,
and turned out in great numbers to
vote in the general election. Buses
in Manchester heading to the depot
sport the designation “We love
Manchester”. London, too, is its usual
busy self again, with people going
out to enjoy themselves, and visitors
appreciating the sights our capital
has to offer.
Life, for those of us lucky enough
to be living it, goes on, although our
view of the world may have been
altered again. Looking for answers
to questions and seeking solutions
are the norm for scientists and
engineers – but there are things in
a modern world that we just aren’t
able to solve on our own. But still the
urge is there to want to do something
positive. While thinking on this, a
conversation with a person who used
to work for UNESCO came to mind.
He introduced me to the concept
of science diplomacy. It’s hard not
to smile when told that the Royal
Society had a Foreign Secretary
nearly 60 years before the British
Government appointed its first
Secretary of State for Foreign Affairs.
If you’re interested in the concept,
have a look at the Royal Society
report New Frontiers in Science
Diplomacy. The world has a common
language in science, and hopefully
through research collaborations and
involvement in the international
world of acoustics, we can help build
a world where we celebrate what we
have in common, rather than seeing
only differences.
In this edition of the Bulletin,
you’ll find an article describing the
Professional Practice Guidance
on Planning and Noise, which was
launched in June. It’s a collaboration
between the Institute, the ANC
and the CIEH. The intention is to
provide a new blueprint for acoustic
practitioners, local authorities and
developers that aims to protect home
dwellers from noise by putting good
acoustic design at the heart of all new

residential development. I would like
to extend my thanks to those who
have worked so hard to prepare this
guidance, which I hope will be widely
welcomed and used to secure good
acoustic conditions for the many new
homes we need to provide in the UK.
The academic year has now ended,
and I’m looking forward to welcoming
new graduates, summer students
and industrial trainees into our
profession over the coming months.
For those able to be in London at
the end of July, the main attraction
is of course ICSV24, being held at
the Park Plaza Westminster Bridge
Hotel. Our Young Members’ Group is
organising an early career workshop
within the conference programme
on Tuesday 25 July (provisionally
pencilled in for15.40, although
do check nearer the time) as well
as a social event (in partnership
with the EAA Young Acousticians’
Network). Please encourage your
early career colleagues to come along
to the social event even if they’re
not able to attend the conference.
It should be a great way to meet
young acousticians from around
the world and to welcome them to
the UK. The programme for the
conference is fantastic. There’s a
massive organisational effort going
into juggling the many parallel
sessions, and I would like to offer
my sincere thanks to all involved.
I’m really looking forward to the
conference, and hope that those of
you lucky enough to be attending
enjoy the technical sessions, meeting
up with other acousticians, exploring
potential research collaborations, and
of course the purely social side of it.

Jo Webb, President
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ProPG – towards a more consistent
approach on planning and noise
By Colin Grimwood, CJGEM, and Graham Parry, ACCON UK

W

e are sitting down to write this article in early June 2017,
the Professional Practice Guidance on Planning & Noise
–New Residential Development (ProPG) is still with the
printers awaiting a final proof read, the IOA launch events in
Birmingham are still a few weeks away and the nation has yet to
deliver its verdict at the upcoming General Election. It is hard to
know which of these events is the most exciting!
It seems a very long time ago now when this journey to
produce professional guidance effectively began. In November
2011 an Association of Noise Consultants’ (ANC) conference in
Birmingham examined what technical guidance would be forthcoming following the revocation of PPG 24 when the National
Planning Policy Framework (NPPF) was due to be published in
2012. Defra’s Belinda Gordon at that time confirmed that despite
the technical nature of noise, it was unlikely that specialist
technical guidance would be retained for noise. Graham Parry
drew spontaneous applause from the audience when he stated
“This is absolutely crazy and risks a free-for-all across the country
with a mix of standards…” The IOA in 2012, following the publication of the NPPF, hosted a meeting with the somewhat provocative
title What happens to noise policy making in a vacuum? Hence the
seeds of an idea to produce technical guidance in respect of noise
and planning had been sown with the explicit aim of providing
a framework for a consistency of approach to decision making
related to noise and importantly, where possible, faster decision
making to deliver new homes.
The ProPG has been produced to provide practitioners with
guidance on a recommended approach to the management of
noise within the planning system in England. The IOA, the ANC
and the Chartered Institute of Environmental Health (CIEH) have
worked together to produce the guidance which encourages better
acoustic design for new residential development and aims to
protect people from the harmful effects of noise.
By now, many of you will have had an opportunity to read the
ProPG, and will be familiar with what it says. If not, the ProPG and
two supplementary documents are available to download via the
Publications section of the IOA website.
We thought, rather than simply repeat the details of the
document in this article, we should try to provide an overview of
what the document is, why it has been written, what has happened
since the consultation last year, what we hope it will achieve and
what might happen next.
However, first of all we want to thank everyone who has
contributed to the preparation of the ProPG. The core members
of the ProPG working group (in alphabetical order) were Colin
Cobbing, Dani Fiumicelli, Richard Greer, Colin Grimwood,
Steve Mitchell, Robert Osborne, Graham Parry, Howard Price
and Somayya Yaqub. Other individuals have been involved in
various stages of the project including Chris Hurst, Ed Clarke,
and members of the ANC Acoustics, Ventilation and Overheating
Group (AVOG), particularly Matthew Hyden and Jack HarvieClark. The final production of the document was sponsored by
the ANC and undertaken by Ingenious Design supported by Colin
Grimwood and Steve Mitchell. In addition, we would like to take
this opportunity to gratefully acknowledge the helpful comments
and support received from the membership of the IOA, ANC and
CIEH, and from others, during the consultation stage.
The recommended approach detailed in the guidance includes
a framework to enable situations where noise is not an issue to be
clearly determined, and to help identify the extent of risk at noisier
sites. The recommended approach should ensure that noise issues
are considered at the earliest possible stage of the planning process
and not just considered at the last moment as something of an
afterthought. The recommended approach provides opportunities
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to incorporate effective design interventions that will enable
residential development to proceed in areas that might otherwise
have been considered unsuitable. Inevitably, there may be some
situations where it is not appropriate to build new dwellings. Even
in those situations, the guide will assist as it encourages early identification of the risk of refusal and supports early decision making
– thereby avoiding unnecessary development and design costs.
During the consultation undertaken between January–March
2016 we received 250 individual responses and nearly 1,500
detailed comments, and the working group has read and considered them all. Obtaining final sign-off from the professional bodies
involved a further round of consultation with the IOA Council and
ANC Board and further helpful comments. As a result of all this
feedback, a number of changes have been made to the ProPG since
the consultation draft. These changes include introducing more
flexibility to the recommended approach, for example through
the removal of distinct Noise Risk Categories from the initial risk
assessment stage, and a more nuanced approach to the consideration of “unreasonable” and “unacceptable” internal noise levels.
We have made it even clearer that the risk assessment provides an
indication of the likely acoustic challenges on a site rather than an
indication of the likely outcome of a planning application. New
guidance on the consideration of windows and ventilation has
been included with support from the ANC AVOG members. A new
appendix on dealing with noise events has been added to support
the revised guidance on Lmax that is now included in the noise risk
assessment and the internal noise level guidelines. Two supplementary documents contain revised guidance on supporting
policy and guidance and on good acoustic design. Our intention
in producing these as standalone publications was to try and keep
the main ProPG document fairly concise, whilst also allowing
interested readers to pursue these particular issues in more depth
should they wish to do so. Having supporting policy and guidance
in a separate document will help with any future updates that may
be required following any revisions to underlying government
New build: homes could be built quicker thanks to ProPG

Institute
policy and guidance. The use of a standalone document on good
acoustic design should enable this to be taken forwards as an
important topic in its own right. In the future, the working group
would like to see the creation of a new national recognition
scheme or award to celebrate the use of good acoustic design in
new residential development. Are there any volunteers out there
who would like to get involved in such an initiative?
What do we hope the ProPG will achieve? The working group
recognises that whilst current Government planning and noise
policy and guidance sets clear objectives it does not prescribe
specific numerical acoustics standards and it allows a range of
different approaches to be used. The working group believes that
the approach encouraged by the ProPG will be suitable in the
majority of situations likely to be encountered in practice. The use
of the guidance will result in a more consistent approach which
should help enable the speedier delivery of new homes.
What happens next? Well this is partly down to us, and by “us”
we mean not just the working group members who have already
given a lot of their valuable time but also the wider membership
of the three supporting organisations. There may be a demand

Affairs

for future workshops and training events. We need to raise
awareness of the ProPG by taking the document and its underlying core message of promoting good acoustic design to other
organisations and other professions including local authority
planners, planning consultants, house builders and other housing
professionals. Given the various challenges currently involved in
producing good practice guidance on behalf of multiple sponsor
organisations there may even be a strong case for considering
the reformation of the Noise Council. For those too young to
remember, the Noise Council was founded by CIEH, IOA, REHIS
(The Royal Environmental Health Institute of Scotland) and IOSH
(The Institution of Occupational Safety and Health) and was an
independent umbrella organisation that supported international
and national agencies, central and local government, commerce
and industry by overseeing the production of definitive guidance
documents.
Colin Grimwood is Director of CJGEM, providing independent
advice, consultancy, research and policy analysis. Graham Parry
is Managing Director of ACCON UK. Both were members of the
working group that has produced the ProPG.

Aviation noise: key developments
By Nicole Porter

A

t the beginning of last year, the Environmental Noise Group
of the IOA ran a meeting on the Next steps for UK aviation
acoustics industry following the Airports Commission’s Final
Report. Since that time there has been some key developments,
including the Government announcing its support for a new
runway at Heathrow, planning permission to end the Cranford
agreement, and London City Airport Development Programme
Appeal. At the time of the meeting, there was also a plethora of
consultations active including those relating to UK Airspace Policy,
Independent Commission on Civil Aviation Noise (ICCAN), Draft
Airports National Policy Statement (Heathrow), Night Flight
Restrictions at Heathrow, Gatwick and Stansted, and on the CAA’s
Airspace Change Process. This one-day meeting looked at what the
consultation were about and presented research that could help
inform discussions around them.
Nicole Porter, Associate Director of Anderson Acoustics, Chair
for the day, welcomed everyone to the event. She set the scene by
presenting a timeline of developments in Aviation Acoustics in the
previous 18 months and gave an overview of the presentations for
the day.
Tim May, Head of Airspace and Noise Policy, DfT, started the
main presentations with an overview of the UK Airspace Policy
Consultation. Tim explained that the proposals set the overarching framework for governing airspaces decisions. He set the
context, explained the benefits of airspace modernisation. He then
presented the main tiers: changes to permanent structure of UK
airspace, planned and permanent changes to air traffic controllers
procedures, change to operations. He touched on compensation measures and need for transparency. The intended role for
Independent Commission on Civil Aviation Noise (ICCAN) was
also explained as to ensure transparency, trust and local engagement in airspace decisions and noise management. At present the
idea is to introduce ICCAN within CAA to allow it to be established
quickly. It is likely to be publicly funded. However, ICCAN may not
have enforcement powers.
Rebecca Roberts Hughes, Head of Policy Development,
Strategy and Policy Department, CAA, presented the key elements
of CAA’s new airspace change process. She described CAA’s
role on airspace and its current consultation, the structure of the
process and the new draft airspace change guidance, community
engagement and environmental assessment with respect to
noise and next steps. The consultation refers to documents CAP
1520: Draft Airspace Design Guidance, CAP 1521: Annex 1: Draft

environmental requirements technical annex (detail about
environmental information), CAP 1522: Annex 2: Tier 2 airspace
change (document on Tier 2 which invites engagement on the
process CAA may be expected to develop, but was not a formal
consultation at this stage), CAP 1523: consultation questions (an
easy-to-access standalone document outlining the purpose of the
consultation and the questions). It is proposed to move the current
seven stage process to a 15 step process with defined gateways.
Rachel gave some details about stage 1b: design principles, which
is a new stage in the process that aims to establish any common
principles by all stakeholders (including community), and provide
relevant records. She also explained the proposed changes to Leq
contour cut-offs (51 dBA for day-time, 45 dBA for night-time). Also
to be considered are the N65 contours (day) and N60 (night), as
well as a new overflight metric.
Tim Johnson, Director of the Aviation Environment Federation
(AEF), gave a community view on the consultations and of
ICCAN. He explained that he was not representing a view from
one community but drew from a members’ survey. He had some
consensus views of the issues which included a need for a rethink
of Government’s new policy objective, for the Government to
develop and publish a series of unambiguous health based goals
for aircraft noise reduction based on the forthcoming WHO
Community Noise Guidelines, and where noise cannot be brought
below acceptable thresholds, a requirement for people to be fully
compensated for its effects (noting that insulation is mitigation
not compensation). When considering DfT’s airspace and noise,
he pointed out that there were positive views of the recognition
that noise disturbance occurs below 57 Leq and that additional
metrics should be used, of the links with health-based indicators,
and of decisions on how best to distribute noise to be informed
by local circumstances and consideration of options. However
there were negative views associated with the lack of a layperson’s
explanation of WebTAG, lack of a requirement to produce worst
case scenarios or breakdowns by the time of day plus other issues.
With respect to the CAA’s airspace change process, Tim suggested
that views were cautiously supportive of the proposed changes to
improve scrutiny and engagement but there were concerns that
included a lack of clarity about acceptability criteria and lack of
an appeal mechanism. Finally with respect to DfT’s airports NPS,
concerns were raised about potential loss of respite, and significant
number of people being newly overflown.
P8
A discussion of the role of ICCAN followed, with an
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introduction of the issues by Tim Johnson given at the end of his
presentation above. He explained that the concept of an independent, external scrutiny and expertise on aviation noise issues
was generally welcomed. Questions were raised as to how will it
differ from CAA’s current role and what does it add. Comments
were made as to how housing it within CAA may not improve trust,
and potential limitations of its effectiveness with no enforcement
powers. There was a discussion of what independence looks like
and ideal terms of reference for ICCAN. It was suggested that it
could be led by a “comms” person rather than an acoustics expert,
it could be involved in (or improve) the development of an airports
action plan, provide a view on whether process has been followed
appropriately, monitor efficacy of any parameters used etc.
After a well-earned lunch in a delightful setting in the Royal
Society, the afternoon moved the focus to research on aviation
noise. Roger Gardner of Aero Consulting presented a view of
research priorities as a result of outcomes from some recent
workshops. Roger started with an overview of the research
landscape on aviation noise and then credited Heathrow with
starting a group of international experts and researchers to push
for new knowledge and action. Four workshops were held with the
key outputs to date being some ACI initiatives, and a research bid
to the EU MG 1.2 call. He identified three key themes that required
research; health and quality of life, communication and metrics,
and intervention studies. He explained that ACI work will force the
pace on the topics but new funding streams are needed and asked
the question of whether EU will fund major research.
Dr Darren Rhodes, Head of ERCD, CAA, presented the results
from SONA – Survey of noise attitudes: Aircraft. Darren presented
the background to the work and its objectives including the
provision of new and updated evidence on attitudes to aviation
noise around airports in England, what influences the attitudes,
and how they vary with LAeq and also with other non-acoustic
factors. This work was a continuation of previous work undertaken
by Defra, with a variable section on civil aircraft noise. The work
had a target of 2,000 interviews using a questionnaire with five
main sections (including a civil aircraft noise section and health
section). The work was carried out between 5 Oct 2014 and 8 Feb
2015 and included areas around nine airports with minimum noise
thresholds of 51 LAeq, 16h to ensure that estimated noise exposure
information remained reliable. Various indicators were estimated
for each respondent’s postcode including average summer day
LAeq, 16h, N70, N65, and average annual Lden, 24hr - for different modal
splits. The findings suggested that there was no evidence found to
suggest that any other indicators (Lden, N70 and N65) correlated
better with annoyance than LAeq, 16hr. Evidence was found indicating
that easterly-mode noise exposure correlated best with mean
annoyance score, however westerly-mode noise exposure was
found to have the poorest correlation, and there was no evidence
to support a change from the current practice of basing LAeq, 16hr on
an average summer day. Noise sensitivity, approximated social
grade and expectation were the factors that were found to have a
statistically significant effect of annoyance.
Charlotte Clark and Colin Cobbing of Arup presented key
developments on sleep disturbance and aviation noise, based
around work sponsored by Heathrow Airport in conjunction with
AMEC Foster Wheeler and Anderson Acoustics. They presented
an introduction to sleep disturbance, current metrics, guidance,
policy and legislation. They explained that there is a general
recommendation for seven to eight hours minimum sleep per
night on a regular basis. For assessing the effects of aviation noise
on sleep disturbance, average metrics are often used but do not
capture full information of a single event. Current event based
metrics are all external so do not take into account effects of
sound insulation, and are mainly based on subjective response.
The current WHO noise night guidelines were presented. This
was followed by the latest research and evidence on sleep disturbance and its application to noise assessment. This included the
2006 Basner study, based around Koln/Bonn airport, and NORAH
study (2011-2013). They introduced awakening contours as a
valuable metric to add to the balanced scorecard in assessing
sleep disturbance and showed how these can start to give different
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information and shapes from those based on Leq contours, and
are more sensitive to numbers of aircraft. It was concluded that
spatial and temporal variation in noise exposure at night can affect
people differently than during the day because of different mechanisms involved in sleep disturbance and this has implications for
airspace design at night.
Nicole Porter provided an awareness of the progress to date to
develop Heathrow’s knowledge of respite. She explained that this
was a journey and described the steps to date; acknowledgment
of the need to improve understanding of respite from aircraft
noise, the formation of a Respite Working Group that developed
a state of the art paper on respite from aviation noise and made
recommendations on research priorities, and a Heathrow-funded
work programme implementing these recommendations. This was
undertaken by an integrated team comprising Anderson Acoustics,
SYSTRA and Arup and started March 2016. This work aimed to
develop a basic understanding of the principles behind two key
questions; (1) By how far do you need to spatially change routes (in
terms of height and track, and for arrivals and departures) to make
a perceived difference to the community (in terms of discernibility
and, ultimately to be of perceived "benefit") and (2) What are the
optimum preferred temporal distribution patterns? The first was
done through laboratory work based in Arup’s SoundLab and the
second was done in the field using Hall tests. A Peer Review Group
(PRG) was set up to oversee the scientific robustness of the work
and comment on the technical aspects of the research and has
provided a statement on the work. Nicole explained that there is
now some additional follow on mapping work in progress, and
although the final reports were due to be released, it was decided
after the event to complete this mapping before reports, so these
will now be released in a few months.
Dani Fiumicelli from Temple presented on Aviation Noise,
LOAELs, SOAELS, and UAELS. He covered noise issues arising
from two major airport public inquiries (Cranford Appeal and
London City Airport Development Programme Appeal), described
how the policy interpretation on aviation issues has been clarified
at these inquiries, and discussed how the policy clarification
may interact with recent changes in the evidence base on the
effects of aviation noise. Dani talked about the LOAEL, SOAEL
and UAEL concepts and commented that the Government had
not provided decibel based noise level thresholds for the above
concepts. He concluded that policy expects noise levels above
a SOAEL to be avoided, and between LOAEL and SOAEL to be
mitigated and minimised, and the Secretary of State decisions in
the Cranford and LCY appeals have clarified the aviation noise
levels that represent the policy aims of LOAEL, SOAEL and UAEL.
He suggested that these values reflect the thresholds for onset of
annoyance, noise insulation and financial assistance in moving
– in the APF respectively. However he also concluded that recent
work supports the lowering of the LOAEL threshold.
Nicole thanked all the speakers, Linda Canty of the IOA for her
organisation of the event and all attendees for their participation, and
she looked forward to the next ENG IOA aviation noise meeting.
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Awards for Distinguished Services for
Brian Hemsworth and Paul Michel

A

wards for Distinguished Services to the Institute have
been presented at recent IOA branch meetings to Brian
Hemsworth and Paul Michel. Below are summaries of their
citations. (Details of other Institute awards will be published in
future Bulletins following their presentations)

Brian Hemsworth

Brian Hemsworth is a well-known and well-respected acoustical
engineer, both in the UK and internationally. He is also the first
person many seek to answer questions regarding all aspects of
railway sound, noise and vibration.
Brian’s contribution to the national and global rail industries
is considerable. His career as an acoustic consultant, railway
sound, noise and vibration specialist and engineer has spanned
six decades during which he has held many senior positions in
various railway noise industries, not least Head of the British Rail
Research Acoustics Unit. He has sat on numerous UK and international committees as a figurehead and leading consultant in the
field of railway noise research and practice. He also has made an
outstanding contribution to lecturing having delivered rail noise
lectures on the IOA Diploma in Acoustics and Noise Control at the
University of Derby since 1980.
Brian has recently stepped down from the Midlands Branch
committee after 11 years, where he has served many years as
Membership Secretary. This retirement from duties has prompted
us to mark his many contributions to the art of acoustics and to the
Institute with this award.

Brian Hemsworth receives his award from Paul Shields, Midlands Branch
Chairman, surrounded by former colleagues

Paul Michel

Paul Michel became involved with noise problems when he was an
Environmental Health Officer. He obtained his IOA Diploma from
Liverpool Polytechnic and became a corporate member of the IOA
in 1992. Before long he found himself responsible for noise control
matters in St Helens and was able to hone his secretarial skills
as a leading member of the Noise Sub Group of the Merseyside
Local Authorities Pollution Group. In 2001 he left local authority
work and set up his own consultancy, Noise Control Services, in
Lancashire, but in 2011 he re-located to Derbyshire.
In the mid-90s he had joined the North West Branch committee
where he regularly contributed suggestions for the meetings
programme and was always prepared to assist with any task
required. In 1998 he became Branch Secretary, proving in the
ensuing years to be steady and reliable. In the then Chairman’s
opinion, he had a quirky view on life, bringing a considerable
sense of humour to branch meetings, although when he prepared
minutes he always managed to make sense of the disparate
views and ramblings of committee members and, importantly,
provided a succinct statement of affairs. Paul’s timely reminders
of meetings, coupled with his efficient production of the minutes,
always ensured committee members had sufficient time to carry
out their actions well before the next meeting. If he was engaged
on other activities when meetings were scheduled, he always
made sure that his tasks were deputised and that his own actions
were completed and reported. But it was for his engaging humour,
forever changing tack a little with the production of each set of
minutes, that not only his colleagues but the staff at St Albans
will remember him. On many occasions staff would ask branch
members attending Council or Membership Committee when they
could expect their copy of the NW minutes to arrive to “brighten
their day”.
A few months after moving to Derbyshire he tendered his
resignation when he realised that the journey would be too much.
As you would expect, he ensured that everything was in order for
his successor and he provided some basic training before finally
departing. A reluctant starter and a reluctant finisher and a gem
in between, he provided a very efficient service to Chairman,
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Paul Michel receives his award from Jo Webb, IOA President,
at a North West Branch meeting

committee and branch, never failing and never letting the side
down. For more than 13 years as Secretary he attended to matters
with a humour that kept everyone in a state of expectation but
which also brought a sense of awareness to all that there was a job
to be done and to be done on time.
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WallsorbaTM

Soundsorba manufacture
and supply a wide range of
acoustic panels for reducing
sound in buildings.

www.soundsorba.com
WoodsorbaTM

s 7IDE RANGE OF MODERN VIBRANT COLOURS s 3OFT FABRIC FACINGS
s #USTOM SIZES CAN BE MANUFACTURED

s #LASS ! PERFORMANCE

WavesorbaTM

s "EAUTY OF REAL WOOD FACINGS

s -ODERN FACE PATTERNS

s &UTURISTIC SHAPE

s ,IGHTWEIGHT

s (IGH IMPACT RESISTANCE

s -AINTENANCE FREE

s 3OOTHING WAVE PATTERN

s (IGH ACOUSTIC PERFORMANCE

CloudsorbaTM

Soundsorba’s highly skilled and experienced
acoustic engineers will be pleased to help
with any application of our acoustic products
for your project.
Please contact us by calling 01494 536888
or emailing info@soundsorba.com for any
questions you may have.

s 7IDER RANGE OF DIFFERENT SHAPES AVAILABLE s (IGH ACOUSTIC RATING
s 3UITABLE FOR A WIDE RANGE OF BUILDING INTERIORS

TEL: +44 (0)1494 536888
FAX: +44 (0)1494 536818
EMAIL: info@soundsorba.com

SOUNDSORBA LIMITED, 27-29
DESBOROUGH STREET, HIGH
WYCOMBE, BUCKS HP11 2LZ, UK
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Boost your career by becoming a
professionally registered engineer
By Blane Judd, Engineering Manager

T

he Engineering Division has been busy over the last year
providing support for members who wish to join the growing
number of engineers professionally registered with the
Engineering Council (EC). Increasingly professional registration at
CEng or IEng is growing in recognition as a way to demonstrate to
society and the rest of the engineering community that you operate
at the level of professional competence and ethics expected in
today’s society.
The team at the Institute is dedicated to providing the
necessary levels of support to assist members through the
process. Working with the Engineering Committee, we have
redrafted some of our guidance in response to comments from
those who have used it. We cannot say what impact Brexit
will have on the international recognition of UK engineers,
but we have a robust mechanism and it is important that we
maintain standards.
We hold a number of interview events through the year,
depending on the number of candidates coming forward for registration. The latest round of interviews took place as this issue was
going to press. The team is now working with a number of candidates due to be interviewed later this year. We can offer face-toface interviews here at head office as well as other sites in the UK or
by video link for those based abroad. If you are interested, contact
us on acousticsengineering@ioa.org.uk .
The requirements for academic qualifications for CEng and
IEng changed in 1999. Pre 1999 an Honours Degree at 2:2 or
above was required for CEng or a Higher Diploma/Certificate for
IEng. Post 1999 this changed and for CEng a Master’s Degree was
required or an ordinary degree for IEng.

Mike Lotinga CEng | WSP

I started my career at Cass Allen Associates and have been a
member of the IOA for more than 10 years. I completed my
Master’s at the University of Salford University and now work
at WSP in Bristol where I am Principal Engineer, Acoustics,
Noise and Vibration.
Gaining CEng registration was the culmination of at least
three years of focussed professional development, which
involved looking for opportunities to extend my capabilities,
gaining experience over a range of engineering applications
and recording my efforts and achievements.
The process itself has been fairly straightforward – I was
advised on the materials I needed to submit in support of my
application, and an interview was arranged within a couple of
months of submission. On the interview day itself I was made
to feel welcome and received valuable advice on the structure
of the interview, and how best to present my responses.
Recognition as a Chartered Engineer entails a responsibility to develop and communicate creative solutions, be
accountable for managing risk, uphold ethical principles and
help to promote best practice in the profession. I feel privileged to be awarded this status and am grateful to my mentors
and colleagues over the years for providing advice and support
to help me develop as well as during my preparation for
the application.
For others considering registration at any level, I would
encourage you to seek out an experienced engineer or to
ask the IOA to suggest an individual to act as a mentor. The
registration itself marks a valuable personal accomplishment,
one that is accepted internationally as indicating the direction
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There are two routes: standard route if you have the appropriate
EC-accredited qualification in acoustics and the individual route,
which requires further preparatory work from you before submitting evidence of your competence. Remember: we are here to help
you get through the process and advice and support is offered to
every candidate.
The election process is overseen by the Engineering Division
Committee, which is made up of volunteers from the membership, to whom we are extremely grateful. They represent the 300
or so members holding EC registration. They provide the essential
peer review process that affirms that you are at the appropriate
level for recognition as an Engineering Council registered professional engineer.
For the individual route, the Institute accepts a number of
courses in relevant subjects such as audio technology, from
certain academic centres, as being equivalent to accredited
courses for the purposes of EC registration, without the need for
further assessment.
The Institute recognises the IOA Diploma course and the
several Master’s courses linked to it as providing evidence if you
are looking for CEng registration. You could also offer a PhD
qualification, depending upon the content of the associated taught
element. We can also offer support for registration via a technical
report route if you do not have the relevant qualifications to help
you demonstrate you are working as a professional engineer
in acoustics.
The opportunity is there and we are ready to support you
through it.
Below is a profile of a recent successful candidate.

you are taking your career as an acoustician and your desire to
expand the boundaries of your development and knowledge.
As an encouragement, our company actually runs an incentive
scheme for CEng registrants, to reward the effort involved and
acknowledge the achievement. The Institute can also offer
you the support and guidance you need to succeed in your
endeavour.

Mike Lotinga

01234 639551
www.svantek.co.uk
sales@svantek.co.uk

PRECISE. POWERFUL. ACCURATE.
SVANTEK boast one of the best qualiﬁed and most

innovative teams of design engineers in the market.
Our range of noise and vibration monitors is second
to none with both quality and technical excellence being
at the core of the company’s philosophy.

•
•
•
•
•
•

Whole body human vibration
Hand-arm vibration
Noise at work
Environmental noise and vibration
Building acoustics
Noise nuisance
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New hand at the
helm of Senior
Members’ Group

R

alph Weston, founding Chairman of the Senior Members’
Group, has stepped down after six years at the helm and has
been replaced by Mike Sugiura.
To mark his huge contribution, he was presented with an
engraved tankard (and some ale to put in it) by Secretary Mike
Forrest at the AGM held in St Albans. Ralph remains on the
committee and Mike continues as Secretary.
The meeting was attended by 11 members, Graham Parry, Vice
President, Groups and Branches, and, by phone link, Geoff Kerry,
Graham’s immediate predecessor.
Following the AGM, members enjoyed a presentation on The
role of the Institute of Naval Medicine given by Dr Gurmail Paddan,
head of the Acoustics and Vibration Section. This was of special
interest to Mike Forrest who, some years ago, worked there.

Ale and hearty: Ralph Weston (left) receives his tankard from Mike Forrest

Midlands Branch
reports
By Fiona Rogerson and Young Youn

Avatar therapy for the relief of auditory
hallucinations in schizophrenia

In March the branch hosted Mark Huckvale from the Speech,
Hearing and Phonetic Sciences department at UCL. Mark gave a
fascinating talk, describing the development of an avatar therapy
system which can be used to alleviate the symptoms experienced
by people who hear voices, a common problem experienced
by many sufferers of schizophrenia. Mark started by providing
some background on the symptoms experienced by sufferers. He
explained that the voices are distressingly real to patients and can
impact their ability to have normal social relationships with their
family and caregivers or to hold down employment. The voices
may be giving a running commentary on the patient's actions or
giving commands ordering the patient to perform certain actions
(which may be violent). In 2009 Julian Leff proposed that hearing
voices sufferers might benefit from engaging in a dialogue with
their voices and asked Mark to help create an avatar that would
represent and embody their persecutory voices. This would enable
the therapist to speak to the patient through the avatar and counteract some of the harmful messages.
The system that Mark developed, which was of great interest to
the acoustics world consisted of a 3D talking head with a customisable appearance and a real-time voice conversion system with
a customisable voice transform. The results of a pilot study were
remarkable, with patients reporting a drop in psychotic symptoms
and with three patients out of 16 losing their persecutory voice
completely. The branch would like to thank Mark for the talk and
WSP Birmingham for hosting the event.

Temporary theatres:
challenges and expectations

In April at the Arup Campus in Solihull, Helen Butcher of Arup
Acoustics gave a fascinating talk entitled Temporary theatres:
challenges and expectations. Helen began by providing a brief
description of what the temporary theatres are for. Two examples
were discussed: The Shed (at the National Theatre in London)
and The Pavilion (part of the Chichester Festival). Both theatres
were constructed while the main theatre was closed for refurbishment. Key drivers for designing these theatres were “reusability”
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Helen Butcher

Mick Huckvale

or “demountability” and “lightweight”. This presented interesting
challenges for the acoustic design because traditional theatres
use heavyweight constructions to control noise intrusion and
room acoustics.
The Shed is a 220-seat temporary theatre located in a busy
city centre. The ventilation design is interesting as it relies on four
chimneys on each corner of the building to induce air movement
via the stack effect. This natural ventilation strategy precludes the
use of typical ducted attenuators due to the pressure drop across
such units. This made it challenging to control the high noise levels
from different noise sources (road traffic, aircraft, pedestrians
passing by and rain noise) in order to provide appropriate indoor
noise levels for performance.
The Pavilion is located in a park surrounded by residential
properties within close proximity. This theatre is designed to
accommodate 1,400 seats and is used for drama and musical
theatre in a tent structure. This venue also needed to be lightweight
and demountable. The venue is used for drama and musicals,
which include a live band and a sound reinforcement system.
Careful consideration was given to acoustic screening including
location of services plant and the properties of tent materials in
order to provide sufficient noise reduction.
Occasional disturbance at nearby receptors was anticipated
due to the limitations of such a venue.
Successful room acoustic design was achieved in both theatres.
For the Pavilion, music was audible from the outside of the tent,
however no complaints from the residents were received.
Overall, designing and achieving suitable room acoustics for
the temporary theatres proved to be challenging. However, both
theatres were used successfully for many events and also met the
brief of being lightweight, demountable and cost-effective.
Many thanks go to Helen for her excellent talk on these two
temporary theatres.
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Sound Masking
from aet.gb ltd

Open plan offices benefit from Sound Masking

Cellular offices achieve better speech privacy with Sound Masking

Sound Masking is a cost effective solution to the problem of improving
speech privacy in today’s modern office environment. Best installed during office fit
out but often installed as retrofit, Sound Masking from AET has improved the office
environment for many international companies throughout Europe over the last 20 years.
In today’s office speech privacy
becomes a key aim and open plan
offices can suffer from two speech
problems:
• Other people’s conversations can
be an irritating distraction
• Confidential conversations can be
almost impossible to conduct
Similar problems also exist in cellular
offices. Apart from noise breakthrough
via partitions, flanking over, under and
around them, other problem areas
include light fixtures, air conditioning
systems and services trunking. Sound
masking compensates for these
problems.

An investment in increasing privacy of
speech is certainly cost effective, with
Sound Masking one of the easiest ways
of achieving this aim. Sound Masking
systems along with acoustic panels and
acoustic door seals are increasingly
used to achieve the desired level of
privacy by a number of our major
clients including:
• Vodafone World HQ
• Procter & Gamble
• Swiss Re
• Mobil Exxon HQ
• Elizabeth Arden
• Barclays Bank
• Freshfields
• KPMG
• PWC
• BP

Sound Masking is now available with a
host of extras including:
• PA, either all call or zone by zone call
• Dual level options for audio visual
room etc
• Automatic ramping to conserve energy
and produce profiled masking
• Fault reporting
• Automated amplifier changeover

www.aet.co.uk
AET.GB Ltd., 82, Basepoint, Andersons Road, Southampton, Hampshire SO14 5FE
Tel: 0044 (0)8453 700 400 sales@aet.co.uk
Sound Masking is also known as sound conditioning or white noise systems
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Bubble acoustics
in the ocean and
industry
London Branch report

Nikhil Mistry

By Roslyn Andrews

A

ctive sonar in bubble-filled, shallow, coastal waters (the
littoral zone), has long been limited by the clutter and excess
attenuation caused by the bubbles. There is a need to design
a sonar that can minimise these effects to improve the ability to
detect targets, and classify them, in such an environment.
Nikhil Mistry, a PhD student in the Institute of Sound and
Vibration Research at the University of Southampton, presented
work based on twin inverted pulsed sonar (TWIPS) and biased
pulse summation sonar (BiaPSS), which exploit the inherent
nonlinearity in the dynamics of a bubble. These novel sonar techniques aim to enhance the contrast between linear and nonlinear
reflectors in the water. The system operates by reducing clutter
however it is not a means of overcoming the adverse effects of
attenuation from the bubbles.
Nikhil opened the presentation with a brief introduction to
dynamics of a gas bubble in water. At high amplitudes of excitation, the bubble becomes a nonlinear oscillator. The frequency
content of the radiated acoustic pressure from a nonlinearly
pulsating bubble is made up of a series of harmonics. It is this
aspect of nonlinear bubble dynamics that is exploited to provide

a contrast between linearly reflecting objects in the water and
nonlinearly scattering bubbles.
TWIPS (and BiaPSS) can operate over a wide range of frequencies. Therefore, if using a higher frequency, the range is limited
by the effects of water absorption. These sonar techniques
can also be transferred to radar, as a means of searching for
catastrophe victims.
The future of Nikhil’s work concerns optimising these sonar
techniques and developing them to work over larger ranges. In
addition, he hopes to build a system that characterises a given
bubble population and feeds this information to the sonar to allow
the most effective frequencies in its outgoing pulse.
Nikhil concluded his presentation with an overview of some
other applications of bubble acoustics, including cleaning, carbon
dioxide measurements in the ocean and cancer therapy.
The presentation was the first in some time that covered underwater acoustics and ultrasound, topics that are not often presented
in a general acoustics setting such as London Branch meetings.
The branch committee would like to thank Nikhil for his presentation and WSP for providing the venue.

Council approves sixty-one
applications for membership
S

recommendations of the Membership Committee. Of the total, 39
were new or reinstatements, the remainder upgrades.

FIOA

AMIOA

Alan Curtis

Aleksejs Apolskis

Ciaron Murphy

Georgios Chatzilampri

Samuel Oates

ixty-one applications for membership were approved
by Council at its June meeting following the

MIOA

Kamboyi Chibalabala

Jonathan Olive

Hessam Alavi

Jonathan North

Pritham D’souza

Christopher Richardson

Adam Barr

Tamara Potaz

Lucy Elmer

James Seddon

James Burchell

Max Reynolds

James Gill

Tom Sidebottom

Thomas Dixon

Samantha Riley

Jody Henderson

Claire Starley

Nicholas Frost

Iain Sanderson

Harry Lang

Matt Stroud

Andrew Johnston

Paul Schmitz

Octavio Lora Aranda

Fabian Valenzuela

Felix Larrieu

James Stokes

Fergus Midforth

Nicoletta Vianello

Pertu Laukkanen

Emily Tilbury

Ross Millington

William Wright

Derek McCreanor

Robin Tyndale-Biscoe

Matt McIlroy

Emma Tynan

Tech

Neil Morgan

Ross Valentine

John Ashe

Angela Laycock

Eddy Ng

James Ward

Luke Brough

Caroline O’Connor

Eric Ng

Laurence Wilmshurst

Phineas Cheshire

Michael Richardson

Alberto Nieto

Chris Youdale
Affiliate
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Frank Groom

Jose Munoz

Michael Jenkins

Charl Verster
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By Martin Armstrong

F

or those performing vibration measurements according to
human response criteria there is a new revised issue of the ISO
8041 measuring instrumentation.
The revision has been quite extensive in several aspects. The
standard is now Human response to vibration - Measuring instrumentation – Part 1: General-purpose vibration meters. This standard
has been published in May as ISO 8041-1:2017. As the initial revision
of the old ISO 8041 in the mid 1990’s was important for the EU
Regulation on H&S at Work it was a joint working group with CEN, led
by ISO in ISO/TC 108/SC 3/JWG1.
Therefore CEN are going to publish and by the time this article
appears in print there should be, on or just after 8 June, a UK publication BS EN ISO 8041-1:2017.
The first thing I hope you will have noted is this is now Part 1:
General-purpose vibration meters. A following standard will cover
what are commonly called vibration dose meters as Part 2: Personal
vibration exposure meters. Everyone can get used to referring
to PVEM’s. This Part 2, following the format of Part 1, has been
commenced in ISO/TC 108/SC 3/WG1. As there is no formal ISO CEN
joint working group then a CEN standard for Part 2 is not planned.
A short update on the ISO committee concerned in mechanical
vibration, SC3 covered instrumentation in WG 1 and calibration in
WG6. At the end of 2016 this sub-committee was disbanded and
respectively these working groups moved directly to the technical
committee ISO/TC 108 as WG 33 and WG 34 respectively from
1 January 2017.
First noted change in ISO 8041 Part 1. There is a new Section 13,
Validation of one-off instruments. Many laboratories investigating
human response to vibration need to evaluate specific parameters
and this section ensures full traceability and the assessment of measurement uncertainty. Could this departure help a new part for the
acoustic instrument standard?
Second change to note is in Section 14, Periodic verification.
Many testing laboratories had feedback from their customers that
the periodic verification, which needs to be carried out on a two-year
cycle, was costing too much. The working group was tasked with
simplifying the requirements and to this end many electrical tests
have been reduced and mechanical vibration, with reduced test
frequencies, is the specified test procedure.
Thirdly the Section 15, In-situ checks is now extended. The key
new wording is: In-situ checks are intended for application in the field
prior to and following a measurement or series of measurements.
They act as a check of the instrument’s basic calibration and functionality. The instrument documentation shall include instructions for
routine in-situ checks.
This section now specifically states that: The instrument documentation shall define an in-situ check of vibration sensitivity. This
shall include the following: a procedure for checking the mechanical
vibration sensitivity of the vibration measuring instrument, to be
carried out at the reference vibration value on the reference measurement range and at the calibration check frequency using the specified
field vibration calibrator. For hand-arm vibration in-situ checks only,
a check frequency of 159,15 Hz is permissible; the expected indication
value can be derived from Table B.6.
A big change from the current practice and for those performing
Whole-body measurements they may find they need to consider their
current calibration instrumentation requirements. The Annex A has
a slight change of title as it is now entitled A specification for field
vibration calibrator. More on this later on.
Finally, in this short update, there is a completely new Annex
to note. This is Annex I (informative) Guidelines for the estimation of the instrumental measurement uncertainty. This is the first

stage in generating an uncertainty budget for any measurement.
It is important to know your instrument and the conditions under
which the transducer is working. As for the future it was recently
proposed that CEN should consider a guidance document on
measurement uncertainty. There is already, in English, a document
DIN SPEC 45660-2:2015-08 (E) Guide for dealing with uncertainty in
acoustics and vibration - Part 2: Uncertainty of vibration quantities.
In September 2016 CEN/TC 231 Mechanical vibration and shock
discussed the issue of measurement uncertainty informally but did
not take a resolution relating to the general treatment of the uncertainty in vibration measurements.
Regarding the Field Vibration Calibrator, the Annex A is the only
specification and the Table A.1 lists the reference values and frequencies as well as a procedure for Pattern Evaluation, then a comprehensive approach is required. Calibration is important to provide
full traceability and therefore ISO/TC 108/WG 34 is developing a
standard entitled Methods for the calibration of vibration and shock
transducers – Part 44: Calibration of field vibration calibrators.
Having reviewed the situation there is no need to “think it out
again”, as in my last article which appeared in the January-February
2016 issue.
A new guidance document was published in June that will be of
specific interest in those using instrumentation to assess health and
safety. ISO/TR 19664 - Human response to vibration — Guidance and
terminology for instrumentation and equipment for the assessment
of daily vibration exposure at the workplace according to the requirements of health and safety.
Martin Armstrong has a background in vibration since 1963
having worked for Derritron, LDS and Brüel &Kjær. As a founder
member of the Measurement and Instrumentation Group he has
regularly highlighted the subject of mechanical vibration. He has
recently stepped down as a full committee member and is a co-opted
member. Martin is on several BSI/GME committees and represents the
UK on ISO/TC 108 committees on calibration and instrumentation.

Instrumentation Corner
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response
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SEAL DOORS AGAINST
FIRE, SMOKE, SOUND, PRESSURE,
TEMPERATURE, VERMIN, WIND, RAIN, LIGHT,
EMI, RFI AND WATER
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ZEROplus
Zero Seal Systems Ltd, Units 43 - 45 Ladford Covert, Seighford, Stafford, ST18 9QG, UK
Tel: +44 (0)1785 282910 Fax: +44 (0)1785 282498
E-mail: sales@zeroplus.co.uk Website: www.zeroplus.co.uk
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Road traffic remains biggest source of
noise pollution in Europe

R

oad traffic is by far the largest source of noise pollution in
Europe with an estimated 100 million Europeans affected by
harmful levels, according to a new assessment published by
the European Environment Agency (EEA)
The EEA briefing Managing exposure to noise in Europe
provides updated estimates of the numbers of people exposed to
noise in Europe. It also provides an update on the measures being
taken by EU Member States in addressing noise issues.
Noise pollution remains a major environmental health problem
in Europe, with the transport sector being a major cause. Road
traffic noise is the dominant source affecting human exposure
above the EU’s threshold of 55 decibels (dB) for daily exposure and
50 dB for night exposure.
Around 100 million people are exposed to road traffic noise
above 55 dB in the 33 member countries of the EEA. Of these, 32
million are exposed to very high noise levels (above 65 dB).
Railways is the second largest source, with 19 million people
exposed above 55 dB. Aircraft noise, close to major airports, is the
third main source, with more than 4.1 million people exposed. It
is followed by industrial noise within urban areas, with 1 million
people exposed.
Noise from road traffic alone is the second most harmful
environmental stressor in Europe, behind air pollution, according

to the World Health Organization (WHO). The harmful effects of
noise arise mainly from the stress reaction it causes in the human
body, which can also occur during sleep. These can potentially lead
to premature death, cardiovascular disease, cognitive impairment,
sleep disturbance, hypertension and, at the least, annoyance.
The European Union has taken action to address the problem
through the 2002 Environmental Noise Directive (END). The EU
legislation requires Member States to prepare noise maps that
inform the development of action plans designed to prevent and
reduce harmful exposure.
The briefing also presents an updated summary of the different
types of measures used by countries to reduce noise. These range
from actions that control noise at source, such as introducing low
noise road surfaces, quieter aircraft and railway stock, through
to measures such as improving urban design to reduce traffic
volumes and restricting housing developments in high noise areas.
The briefing is a follow-up to the EEA’s Noise in Europe
2014 report and its release coincides with the Noise in Europe
conference held in Brussels on 24 April and International Noise
Awareness Day on 26 April.
The briefing is based on the latest data reported to the EEA by
its member countries in accordance with the EU’s Environmental
Noise Directive (END). Accompanying the briefing are updated
country factsheets and a new web-viewer which shows updated
data on noise pollution across Europe.

Traffic is Europe’s top noise polluter
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Noise from busy roads
‘might increase heart disease risk’

T

raffic noise, as well as air pollution, could affect heart health,
according to new research.
Urban air pollution has been linked to a range of health
problems, such as stroke, asthma, and heart disease. The risk of
diseases or death related to air pollution is increased for those
people living closer to busy roads. However, until now, there have
been few studies to investigate the effects of noise pollution and air
pollution on health – two factors which are often found together.
Noise pollution is defined as noise louder than conversation
level, around 60 decibels (dB), and it mainly affects those living
near busy roads, under flight paths, or those who are exposed to
industrial machinery. It can cause health problems biologically,
for example by raising blood pressure, and psychologically, from
disturbed sleep and increased release of stress hormones.
Now, a group of scientists, led by Dr Yutong Cai from Imperial
College London, has investigated the links between air and noise
pollution and biological markers in the blood that might predict
heart disease in the future. They found evidence that excessive
traffic noise and air pollution are in fact both linked to increases in
these heart disease risk markers.
The researchers studied data from 144,000 adults in Norway
and the Netherlands, comparing levels of air pollution and traffic
related noise exposure at their residential address with levels of
blood biological markers, which are often used to assess heart
disease risk.
Blood was tested for a number of markers, such as C-reactive
protein (CRP) – a protein that indicates inflammation, which can
be caused by stress and lead to health problems like heart disease
when left untreated. The researchers also tested for lipids and
triglycerides, which are linked to heart attacks at higher levels, and
blood sugar levels, which are linked to heart disease, diabetes and
stroke at higher levels.
To distinguish between the effects of noise from air quality, the
team developed a statistical model. First, they estimated the link
between poor air quality and biomarkers like blood sugar, blood
lipids, and CRP, taking into account lifestyle factors which could
change levels of biomarkers, like age, sex, education, employment,
alcohol consumption, and smoking status. Then they added noise
exposure to the model to measure any changes in the link with
the biomarkers.

After analysing the data, the team found that an increase of just
5dB in noise levels was linked to 0.3% higher blood sugar levels
than those living in quieter neighbourhoods. The researchers
explained that when air pollution was taken into account, the
same increase was still apparent, pointing to noise pollution as
an independent cause: a 10 µg/m3 increase in air pollution levels
was linked to 2.3% higher blood sugar levels independently of
noise effects.
The results also showed that CRP levels increased by 2.6% when
levels of nitrogen dioxide (NO2), a gas pollutant released from road
traffic, increased by 10 µg/m3. Additionally, triglycerides increased
by 10% when exposure to air pollutants increased by 10 µg/m3.
These effects were independent of traffic noise, so likely due to air
pollution, not noise.
Dr Cai, from Imperial’s School of Public Health, said: “When
studying road traffic noise, it can be difficult to differentiate
between air and noise pollution, as they often go hand in hand.
Our findings contribute to the strong scientific evidence that both
air pollution and traffic noise are bad for our health, although to
further differentiate between air and noise pollution will need
more work. Either way, the message is clear: public health policy
must act on these environmental stressors to protect our health
and wellbeing.”
The authors say that long term exposure to noise can increase
the risk of heart disease both biologically and psychologically.
While noise exposure appears to have a similar biological effect as
air pollution in terms of blood chemistry changes, it can also cause
long-term psychological stress due to, for example, lack of sleep
and the production of stress hormones – both already known to
increase cardiovascular risk. This could then add to the effects of
air pollution that road traffic noise is often combined with.
In future, the authors plan to investigate the effect on these
biological markers of air and noise pollution depending on gender,
weight status, and in those with pre-existing hypertension and
diabetes. Co-author Dr Susan Hodgson, also from Imperial’s
School of Public Health, added: “Our study moves us a step
closer to understanding the link between air and noise pollution
exposure and cardiovascular disease, evidence which to date is
very limited.”
The research was first published in European Heart Journal

Are sight and sound out of
sync ask academics

A

new paper has shed light on sensory timing in the brain by
showing that there is a lag between us hearing a person’s
voice and seeing their lips move, and these delays vary
depending on what task we’re doing.
The research from City, University of London – co-authored by
academics from University of Sussex, Middlesex University and
Birkbeck, University of London – also showed potential benefits of
tailoring the time delay between audio and video signals to each
individual, finding that speech comprehension improved in 50
per cent of participants by 20 words in every 100, on average. The
paper is published in the journal Scientific Reports.
Dr Elliot Freeman, author of the paper and Senior Lecturer in
Psychology at City, University of London, said: “Our study sheds
new light on a controversy spanning over two centuries, over
whether senses can really be out of sync in some individuals.
Speech comprehension was at its best in our study when there was
a slight auditory lag, which suggests that perception can actually
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be less-than-optimal when we converse or watch TV with synchronised sound and vision. We think that by tailoring auditory delays
to each individual we could improve understanding and correct
their sub-optimal perception.”
To investigate the effect, the team showed 36 participants
audiovisual movies depicting the lower half of a face speaking
words or syllables, with the audio degraded by background noise.
Stimuli were presented with a range of audiovisual asynchronies,
spanning nine equally spaced levels from 500ms auditory lead to
500ms auditory lag, including simultaneous. In two separate tasks,
participants had to identify which phoneme (‘ba’ or ‘da’), or which
word the speaker said.
They team found that there was an average auditory lag of 91ms
for the phoneme identification task (based on the famous McGurk
effect) and 113ms for word identification, but this varied widely
between individuals.
Interestingly, the measurements from each task for individual
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participants were similar for repetitions of the same task, but not
for different tasks. This suggests that we may have not just one
general individual delay between seeing and hearing, but different
ones for different tasks.
The authors speculate that these task-specific delays arise
because neural signals from eyes and ears are integrated in
different brain areas for different tasks, and that they must each
travel via different routes to arrive there. Individual brains may
differ in the length of these connections.
Dr Freeman said: “What we found is that sight and sound are in
fact out of sync, and that each time delay is unique and stable for
each individual. This can have a real impact on the interpretation
of audiovisual speech.
“Poor lip-sync, as often experienced on cable TV and video
phone calls, makes it harder to understand what people are saying.
Our research could help us better understand why our natural
lip-syncing may not always be perfect, and how this may affect
everyday communication. We might be able to improve communication by artificially correcting sensory delays between sight and
sound. Our work might be translated into novel diagnostics and
therapeutic applications benefiting individuals with dyslexia."

Listen up: new research suggests speech comprehension improves
with a slight auditory delay in some individuals

Anti-vibration system ‘to bring many
engineering and safety benefits’

A

team of engineers from Hong Kong Polytechnic University
(PolyU) has developed a novel bio-inspired nonlinear
anti-vibration system that can significantly reduce vibration
in various mechanical systems.
They say the innovation far excels existing devices in
cost-efficiency and performance reliability, and can have very
wide applications.
Inspired by the limb structures of birds and insects in motion
vibration control, the novel X-shaped system can demonstrate
nearly "zero response" to any vibration (quasi-zero low dynamic
stiffness), but simultaneously of high loading capacity.
It also features automatic high damping for strong vibration,
and low damping for small vibration (thus preventing high
damping's adverse effect on a system's normal functioning during
small vibration).
These advantages stem from the novel system's nonlinearity – a
unique feature lacking in most vibration control systems nowadays
which usually follow linear system design. The novel system can
therefore be applied very widely in various engineering practices
and vibration control devices.
The system was one of the three PolyU innovations to win
a global innovation award at the 2017 TechConnect World
Innovation Conference and Expo at Washington DC in the US.
As a first step in transferring the innovation into everyday
benefits, the research team, from the Department of Mechanical
Engineering, has obtained funding, and facilities and trial support
from the construction sector, to embark on research in applying
the patented novel system to build an assistive anti-vibration
exoskeleton for hand-held jackhammers.
Dr Xingjian Jing, Associate Professor in the department, said
that thanks to its “superb” anti-vibration performance, the new
device can markedly help prevent hand-arm vibration illness
among construction workers.
Using the new device, the vibration at hand/arm in drilling
concrete ground can be significantly suppressed to the ideal safety
level, compared with many commonly-used jackhammers in
the market.
The very low cost in manufacturing and maintenance, with
great design flexibility for adapting to devices of different sizes and
materials, can also enhance its potential popular use.
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At present, the market price of a common passive control jackhammer is around HK$1,000, approximately £100. It is estimated
that PolyU's assistive anti-vibration exoskeleton added to such
passive control system will need only an additional HK$1,000 2,000, yet with performance far excelling even good-quality active
control device that cost about HK$,10,000 - 40,000.

Dr Xingjian Jing with the anti-vibration system
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E-gloves to
protect workers
from dangerous
vibration levels

The prototype e-glove

G

loves embedded with tiny sensors are being developed by
Nottingham Trent University to help protect construction
workers from exposure to vibration.
Led by Professor Tilak Dias, of the School of Art & Design, the
technology aims to alert wearers to when they experience vibrations likely to cause conditions such as vibration white finger and
carpal tunnel syndrome.
“Prolonged use of power tools can result in a variety of
musculoskeletal, neurological and vascular disorders,” said
Professor Dias, who leads the university’s Advanced Textiles
Research Group.
“But by using smart textiles, it could be possible to detect
with accuracy when a worker is exposed to damaging levels of
vibrations and help prevent such conditions occurring in the
first place.”
During the past decade more than 10,000 claims have been
made for vibration white finger and carpal tunnel syndrome,
according to the Health and Safety Executive (HSE).
Workers at risk are those who regularly use power tools such as
concrete breakers, sanders, grinders, hammer drills, chainsaws,
hedge trimmers, powered mowers and more.

Graphene speaker
with no moving
parts uses heat to
produce sound

A

pioneering new technique that encourages graphene to
“talk” could revolutionise the global audio and telecommunications industries.
Researchers from the University of Exeter have devised a
ground-breaking method to use graphene to generate complex
and controllable sound signals. In essence, it combines speaker,
amplifier and graphic equaliser into a chip the size of a thumbnail.
Traditional speakers mechanically vibrate to produce sound,
with a moving coil or membrane pushing the air around it back
and forth. It is a bulky technology that has hardly changed in more
than a century.
This innovative new technique involves no moving parts. A
layer of the atomically thin material graphene is rapidly heated
and cooled by an alternating electric current, and transfer of this
thermal variation to the air causes it to expand and contract,
thereby generating sound waves.
Though the conversion of heat into sound is not new, the Exeter
team is the first to show that this simple process allows sound
frequencies to be mixed together, amplified and equalised — all
within the same millimetre-sized device. With graphene being
almost completely transparent, the ability to produce complex
sounds without physical movement could open up a new golden
generation of audio-visual technologies, including mobile phone
screens that transmit both pictures and sound.The research is
published in Scientific Reports.
Dr David Horsell, a Senior Lecturer in the Quantum Systems
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The e-gloves being developed by the university would appear
like a normal pair of worker’s gloves to the naked eye and could be
washed and worn without any damage to the technology.
Sensors to be tested as part of the research include vibration
sensors which are only two millimetres long and accelerometers.
They will be encapsulated in micro pods before being embedded
into the yarns which are knitted into gloves.
When a dangerous level of exposure to vibrations is about to be
experienced, a worker is alerted to stop work.
Dr Theodore Hughes-Riley, a research fellow at the university
who is developing the technology, said: “By lowering the risk of
exposure to dangerous levels of vibrations, we can help improve
the lives of thousands of construction workers around the world
by helping prevent them develop what can become permanent
industrial diseases.”

and Nanomaterials Group
at Exeter and lead author
of the paper, explained:
“Thermoacoustics (conversion of heat into sound) has
been overlooked because it is
regarded as such an inefficient
process that it has no practical
applications. We looked instead
at the way the sound is actually
produced and found that
by controlling the electrical
current through the graphene
we could not only produce
sound but could change its
Researchers have combined
speaker, amplifier and graphic
volume and specify how each
equaliser into a chip the size of
frequency component is
a thumbnail
amplified. Such amplification
and control opens up a range of
real-world applications we had not envisaged.”
The new applications the team have in mind include ultrasound imaging, for use in hospitals and other medical facilities
in the future. The known high strength and flexibility of graphene
would allow intimate surface contact leading to much better
imaging. Moreover, the fact that the acoustic devices the Exeter
team has devised are simple and cheap make such concepts as
intelligent bandages that monitor and treat patients directly a
real possibility.
Dr Horsell added: “The frequency mixing is key to new applications. The sound generating mechanism allows us to take two
or more different sound sources and multiply them together.
This leads to the efficient generation of ultrasound (and infrasound). However, the most exciting thing is that it does this trick
of multiplication in a remarkably simple and controllable way.
This could have a real impact in the telecommunications industry,
which needs to combine signals this way but currently uses rather
complex and, therefore, costly methods to do so.”
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Birds sing shorter
songs in response
to traffic noise

B

irds sing differently in response to traffic noise, which potentially affects their ability to attract mates and defend their
territory, according to research published in Bioacoustics.
The study found that a species of North American flycatcher
sings shorter songs at a lower range of frequencies in response to
traffic noise levels. The researchers suggest traffic noise reduction,
for example through road closures, is a viable option for mitigating
this effect.
Dr Katherine Gentry of George Mason University, Virginia,
USA and colleagues studied the song of the Eastern wood pewee
(Contopus virens) in three parks within the greater Washington, DC
area. Songs were recorded at sites where the traffic pattern of the
nearest road was either relatively constant or reduced on a weekly
basis during a 36 hour road closure.
The bandwidth, duration, and maximum, peak and minimum
frequencies of the birdsong was measured and analysed, together
with low frequency traffic noise amplitude within 20 seconds of
each song, and full-spectrum background noise levels.
The researchers found that the birds immediately responded to

fluctuations in traffic noise by adjusting the length and frequencies
of their song in order to improve its transmission. When roads
were closed, songs returned to their natural state with broader
bandwidth, lower minimum frequencies and longer duration.
Although making adjustments helps get songs across when
traffic noise increases, birds hearing the altered calls might not
respond as strongly to them, thus reducing the abilities of males
that adjust their songs to attract a mate and defend a territory.
By offering relief from traffic noise, temporary road closures
provide birds with the opportunity to sing the version of their song
that optimizes vocal performance, mate attraction and territorial defence.
While a uniform reduction in traffic noise is ideal, road
closures are helpful and could form part of an effective conservation strategy, the authors say. This could help halt the decline of
the Eastern wood pewee, whose numbers in the Washington DC
area have reportedly fallen by more than 50 per cent in less than
70 years, and could also have a beneficial effect on other species
capable of adjusting their signals on the fly.
Dr Gentry said: "We found that Eastern wood pewees modified
their songs to optimize transmission depending on traffic noise
levels. The results confirm that temporary measures to reduce
traffic noise, such as weekend road closures, can benefit animals
and is a feasible and effective option for managing traffic noise."
Lower frequency: bird singing is affected by traffic noise

Gas compressor noise dramatically
reduces insect numbers

T

he relentless roar of natural gas compressors influences
the numbers of insects and spiders nearby, triggering
decreases in many types of arthropods sensitive to sounds
and vibrations, a collaborative Florida Museum of Natural History
study shows.
Populations of grasshoppers, froghoppers, velvet ants, wolf
spiders and cave, camel and spider crickets dropped significantly
in areas near gas compressors, while leafhopper numbers rose.
These shifts in arthropod communities could set off a cascade
of larger-scale ecological consequences, as insects and spiders play
fundamental roles in food webs, pollination, decomposition and
overall ecological health, said study co-author Akito Kawahara,
assistant professor and curator at the museum’s McGuire Center
for Lepidoptera and Biodiversity at the University of Florida.
“Noise pollution affects all kinds of animals, and insects are no
exception,” said Professor Kawahara. “They might be small, but
they’re the dominant animals on the planet in terms of numbers.
What happens to them affects whole ecosystems.”
The study, published in Ecology and Evolution, joins a growing
body of research on how artificial noise alters animal behaviour
and disrupts ecosystems and is the first to examine noise pollution’s effects on arthropod distribution and community diversity.
Gas compressors, which can range from minivan- to warehouse-sized, extract and move natural gas along a pipeline,
emitting intense, low-frequency noise. Previous studies have
shown noise pollution from compressors changes the activity
levels and distribution of bats and birds, key predators of insects
and spiders.
Professor Kawahara joined a multi-institutional research group
to test how the landscape-scale noise produced by gas compressors affects arthropod communities, many of which rely on sound
and vibrations to find food, meet a mate, communicate and
detect predators.
The research team used pitfall traps to take a census of spider
and non-flying insect populations at San Juan Basin, New Mexico,
the second-largest natural gas field in the US The team tested five
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sites with compressors and five ecologically similar sites without
compressors and compared the relative abundance of specimens.
Compressor sites had 95 percent fewer cave, camel and spider
crickets, 52 percent fewer froghoppers and 24 percent fewer
grasshoppers than sites without compressors. For every 10-decibel
increase in noise, velvet ant populations dropped 56 percent and
wolf spiders decreased by 44 percent. Unexpectedly, leafhopper
numbers surged in response to noise, increasing 44 percent for
each additional 10 decibels of sound.
“We are rapidly changing our environment in terms of sound,
light, air and climate,” said Professor Kawahara. “Unless we have
historical documentation of what was in an area at a particular
time, it’s hard to detect these changes at a fine scale. Museum
specimens document biodiversity over hundreds of years, offering
those snapshots of time.”

At risk: grasshopper numbers drop near gas compressors
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How scientists
turned a flag into a
loudspeaker

A

paper-thin, flexible device created at Michigan State
University in the US not only can generate energy from
human motion, it can act as a loudspeaker and microphone
as well.
The audio breakthrough could eventually lead to such
consumer products as a foldable loudspeaker, a voice-activated
security patch for computers and even a talking newspaper.
“Every technology starts with a breakthrough and this is
a breakthrough for this particular technology,” said Nelson
Sepulveda, MSU Associate Professor of electrical and
computer engineering and primary investigator of the federally
funded project.
“This is the first transducer that is ultra thin, flexible, scalable
and bidirectional, meaning it can convert mechanical energy to
electrical energy and electrical energy to mechanical energy.”
In 2016 Professor Sepulveda and his team successfully demonstrated their sheet-like device – known as a ferroelectret nanogenerator, or FENG – by using it to power a keyboard, LED lights and
an LCD touch-screen. That process worked with a finger swipe or a
light pressing motion to activate the devices – converting mechanical energy to electrical energy.
The current breakthrough extends the FENG’s usability.
The researchers discovered the high-tech material can act as a
microphone (by capturing the vibrations from sound, or mechanical energy, and converting it to electrical energy) as well as a
loudspeaker (by operating the opposite way: converting electrical
energy to mechanical energy).
To demonstrate the microphone effect, the researchers
developed a FENG security patch that uses voice recognition to
access a computer. The patch was successful in protecting an individual’s computer from outside users. “The device is so sensitive
to the vibrations that it catches the frequency components of your
voice,” Professor Sepulveda said.
To demonstrate the loudspeaker effect, the FENG fabric was
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embedded into an MSU Spartan flag. Music was piped from an
iPad through an amplifier and into the flag, which then reproduced the sound flawlessly. “The flag itself became the loudspeaker,” Professor Sepulveda said. “So we could use it in the
future by taking traditional speakers, which are big, bulky and
use a lot of power, and replacing them with this very flexible, thin,
small device.”
Imagine a day when someone could pull a lightweight loudspeaker out of their pocket, slap it against the wall and transmit
their speech to a roomful of people, he said.
“Or imagine a newspaper,” he added, “where the sheets are
microphones and loudspeakers. You could essentially have a
voice-activated newspaper that talks back to you."
Wei Li, an MSU engineering researcher and lead author of a
paper about the breakthrough in Nature Communications, said
other potential applications of the FENG include noise-cancelling sheeting and a health-monitoring wristband that is
voice-protected.
“Many people are focusing on the sight and touch aspects of
flexible electronics,” Mr Li said, “but we’re also focusing on the

Nano fibre feels
forces and hears
sounds made by cells

E

ngineers at the University of California San Diego have
developed a miniature device that’s sensitive enough to feel
the forces generated by swimming bacteria and hear the
beating of heart muscle cells.
The device is a nano-sized optical fibre that’s about 100 times
thinner than a human hair. It can detect forces down to 160
femtonewtons — about ten trillion times smaller than a newton
— when placed in a solution containing live Helicobacter pylori
bacteria, which are swimming bacteria found in the gut. In cultures
of beating heart muscle cells from mice, the nano fibre can detect
sounds down to -30 decibels — a level one thousand times below
the limit of the human ear.
“This work could open up new doors to track small interactions
and changes that couldn’t be tracked before,” said nanoengineering Professor Donald Sirbuly who led the study.
Some applications, he envisions, include detecting the
presence and activity of a single bacterium; monitoring bonds
forming and breaking; sensing changes in a cell’s mechanical
behaviour that might signal it becoming cancerous or being
attacked by a virus; or a mini stethoscope to monitor cellular
acoustics in vivo.
The optical fibre developed by Professor Sirbuly and colleagues
is at least 10 times more sensitive than the atomic force microscope (AFM), an instrument that can measure infinitesimally small
forces generated by interacting molecules. And while AFMs are
bulky devices, this optical fibre is only several hundred nanometers in diameter. “It’s a mini AFM with the sensitivity of an optical
tweezer,” he said.
The device is made from an extremely thin fibre of tin dioxide,
coated with a thin layer of a polymer, called polyethylene
glycol, and studded with gold nanoparticles. To use the device,
researchers dip the nano optical fibre into a solution of cells, send
a beam of light down the fibre and analyse the light signals it sends
out. These signals, based on their intensity, indicate how much
force or sound the fibre is picking up from the surrounding cells.
“We’re not just able to pick up these small forces and sounds,
we can quantify them using this device. This is a new tool for high
resolution nanomechanical probing,” said Professor Sirbuly.
Here’s how the device works: as light travels down the optical
fibre, it interacts strongly with the gold nanoparticles, which then
scatter the light as signals that can be seen with a conventional
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This sheet-like, flexible
device which can
transmit sound can be
embedded into a flag
or any other fabric.
Credit: GL Kohuth

speaking and listening aspects of the technology.”
The innovative process of creating the FENG starts with a
silicone wafer, which is then fabricated with several layers, or thin
sheets, of environmentally friendly substances including silver,
polyimide and polypropylene ferroelectret. Ions are added so
that each layer in the device contains charged particles. Electrical
energy is created when the device is compressed by human
motion, or mechanical energy.

microscope. These light signals show up at a particular intensity.
But that intensity changes when the fibre is placed in a solution
containing live cells. Forces and sound waves from the cells hit
the gold nanoparticles, pushing them into the polymer layer that
separates them from the fibre’s surface. Pushing the nanoparticles closer to the fibre allows them to interact more strongly with
the light coming down the fibre, thus increasing the intensity of
the light signals. Researchers calibrated the device so they could
match the signal intensities to different levels of force or sound.
The key to making this work is the fibre’s polymer layer. It acts
like a spring mattress that’s sensitive enough to be compressed to
different thicknesses by the faint forces and sound waves produced
by the cells. Professor Sirbuly says the polymer layer can be tuned
— if researchers want to measure larger forces, they can use a
stiffer polymer coating; for increased sensitivity, they can use a
softer polymer like a hydrogel.
Moving forward, researchers plan to use the nano fibres to
measure bio-activity and the mechanical behaviour of single cells.
Future works also includes improving the fibres’ “listening” capabilities to create ultra-sensitive biological stethoscopes, and tuning
their acoustic response to develop new imaging techniques.
An artist’s illustration of nano optical fibres detecting femtonewton-scale
forces produced by swimming bacteria. Credit: Rhett S. Miller/UC Regents
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Acoustic signals
used to identify
acoustic part faults

S

cientists in Germany are developing cognitive systems that
accurately identify faults in automotive parts based on
acoustic signals. The results are said to be more accurate than
those of the human ear.
The approach by the Fraunhofer Institute for Digital Media
Technology (IDMT) combines intelligent acoustic measurement
technology and signal analysis, machine learning and data-safe,
flexible data storage.
"We integrate the intelligence of listening into the industrial
condition control of machines and automated test and test systems
for products," said Steffen Holly of IDMT's Industrial Media
Applications business unit.
Once they have been trained, cognitive systems can hear more
objectively than human hearing, he said. Instead of two, they

have, so to speak, thousands of ears at their disposal, in the form of
millions of neutral records. Initial pilot projects with industry are
already under way.
The scientists identify possible sources of noise and analyse
their causes, create a noise model of the environment, and focus
on their microphones.
With the help of artificial neural networks, scientists are
gradually developing algorithms that are capable of detecting
errors in the sound. "The cleaner the acoustic signal is, the better
the cognitive system recognises deviations," said Mr Holly. The
technology is so sensitive that it also displays nuances in error
intensity and manages complex tasks.
One area where is the new technology could be used is in
automotive production. In modern car seats, a number of individual motors are installed to enable drivers to adjust their seat in
different ways.
However the design of the motors is not the same, their sounds
are different and they are installed in different places. "In the
case of a pilot project with an automotive supplier, our acoustic
monitoring system was able to detect all sources of faults", said Mr
Holly.

Fault finding: the system can be used for end-of-line inspection of car parts,
such as motors for seats. Credit: Fraunhofer IDMT
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Campaigners say new government must
do more to tackle aircraft noise

A

viation community groups representing the views of
hundreds of thousands of people around the UK’s major
airports have set out a three-point plan for the new government to tackle aircraft noise.
The plan calls for the new administration to:
• Set ambitious, unambiguous targets for aircraft noise reduction
at each major UK airport and make any growth in flight
numbers conditional on achieving these targets. Successive
governments have prioritised growth in flight numbers at the
expense of the health and wider well-being of people impacted
by aircraft noise and emissions. A new, balanced, aviation noise
policy is essential.
• Create an independent aviation noise regulator with the duty
and powers to enforce achievement of those policy goals.
Historic regulatory arrangements have failed. A new or newly
empowered regulator is needed to drive noise reduction.
• Establish a general principle that where aviation noise cannot
be brought below acceptable thresholds people will be fully
compensated for its effects, in line with the widely accepted
polluter pays principle.

paths often using new satellite navigation technology.
“The adverse effects of aircraft noise range from mild
annoyance and loss of amenity to serious physical and mental
health issues. The government acknowledges that aviation noise
contributes to chronic health outcomes including heart attacks,
strokes and dementia, and that it impacts child cognitive development. But it is not carrying out substantive research into these
health impacts or requiring the industry to do so.
“There is little meaningful regulation of aircraft noise in the UK.
Airports and air traffic control can make major changes impacting
tens of thousands of people with no requirement to consult or
compensate. The airspace regulator (the Civil Aviation Authority)
has no powers to set or enforce noise reduction targets or to
require best practice noise management. The industry is tasked
with self-regulation but its core objectives are to increase flight
and passenger numbers; it has little incentive to reduce noise and
regularly ignores opportunities to do so.”

In a statement, the groups said: “More people are adversely
affected by aircraft noise in the UK than in any other country in
Europe. Although aircraft are getting less noisy, the number of
people in the UK seriously impacted by aircraft noise is likely to
have grown in recent years as the industry has concentrated flight

Growing problem: aircraft noise
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First underwater carpet cloak
realised with metamaterial

R

esearchers at the Institute of Acoustics of the Chinese
Academy of Sciences have designed and fabricated an
underwater acoustic carpet cloak using transformation
acoustics, a scientific first.
An acoustic cloak is a material shell that can control the
propagation direction of sound waves to make a target undetectable in an acoustic system. The carpet cloak modifies the acoustic
signature of the target and mimics the acoustic field obtained from
a reflecting plane, so that the cloaked target is indistinguishable
from the reflecting surface
The field of transformation acoustics focuses on the design of
new acoustic structures. It shows how to control the propagation of
acoustic waves. The parameters of the cloak shell can be given by
transformation acoustics.
However, in most cases, these parameters are too complex
for practical use. To solve this problem, Professor Yang Jun
and his team at the Institute adopted a scaling factor and
simplified the structure of the carpet cloak with only modest
impedance mismatch.
The research team, whose findings were published in Scientific
Reports, then used layers of brass plates featuring small channels
filled with water to construct the model cloak. This material
possesses effective anisotropic mass density in long-wavelength regimes.
The structure of the carpet cloak, comprised of layered brass
plates, is therefore simplified at the cost of some impedance
match. "The carpet cloak has a unit cell size of about 1/40 of the
wavelength, making it able to control underwater acoustic waves
in the deep subwavelength scale," said Professor Jun.
The proposed carpet cloak has shown good performance in
experimental results across a wide frequency range. In tests, a
short Gaussian pulse propagates towards a target bump covered
with the carpet cloak; the scattered wave then returns in the backscattering direction. The cloaked object successfully mimics the
reflecting plane and is imperceptible to sound detection.

Top the fabricated sample and bottom numerical simulations of the
underwater carpet cloak. Images courtesy of the Institute of Acoustics of the
Chinese Academy of Sciences

Shear waves could produce better
ultrasound images, say researchers

U

ltrasound imaging could produce far better pictures with
a different kind of sound wave. These higher-performing
sound waves, so-called shear waves, are usually hard to
generate, but now researchers have demonstrated a simple way to
produce them.
Practical applications could be in the non-destructive testing of
materials – looking for internal cracks in bridges or airplane wings,
for example – and improved monitoring of gas pipelines for leaks.
The research team from Seoul National University in South
Korea designed and tested a filter that transforms easy-to-generate
pressure waves into shear waves more efficiently than previous
devices. This filter can be easily fabricated with laser micromachining techniques and may lead to higher-resolution industrial
and medical ultrasound imaging.
Normally, if waves travelling in one medium encounter a slab
of a different medium, they cannot fully pass through. This lack of
complete transmission leads to reduced resolution in ultrasonic
imaging of the brain, for example, where high-frequency sound
waves must penetrate the hard skull before reaching the soft tissue.
Longitudinal (pressure) waves suffer this problem more
severely than shear waves, the kind that deform the medium
perpendicular to their direction of travel. Unfortunately, existing
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transducers – the devices that generate and sense the waves in
ultrasound machines – cannot effectively produce shear waves.
Efforts to convert longitudinal to shear waves have involved
sending the incoming waves through a wedge-shaped filter,
which in the most recent examples was made from a metamaterial – a structure comprised of a repeating pattern of microscale,
sound-scattering columns, for example. But the direction of the
shear waves produced by one of these filters is very sensitive to
fluctuations in the angle of the incoming waves, which can make
the filter hard to use. Also, these filters cannot produce very high
shear wave amplitudes, and they are difficult to manufacture.
Professor Yoon Young Kim and colleagues at Seoul National
University took a different approach, exploiting a new twist on a
textbook phenomenon called Fabry-Pérot resonance (FPR). When
sound waves travel through a slab of a medium different from its
surroundings, they can be fully transmitted if the slab’s thickness
is exactly a multiple of a half wavelength. This full transmission is
caused by wave interference between the transmitted and reflected
waves inside the slab. Kim and his colleagues found that with a
metamaterial slab there can be a similar FPR condition that leads
to maximum transmission of a shear wave when the input is a
longitudinal wave.

General
The team developed a theory and supported it with numerical
simulations and experiments. Their experiments used an
aluminium plate containing a region (the metamaterial) where a
series of 2-mm-long, parallel slits had been cut through the plate
at an angle. When longitudinal ultrasound waves traveling down
the plate hit these slits, some of their motion was transformed into
shear waves. The amplitude of transmitted shear waves varied
widely and periodically as the team increased the frequency of the
incoming waves, as predicted. The angle and spacing of the slits
also had a strong effect.

News

Professor Kim and his colleagues accurately predicted a new
FPR condition that maximises shear wave transmission, but
it involves two different wavelengths, one for each mode. For
maximal transmission, the difference in progress between the
two wave types (the accumulated phase difference) as they travel
across the slit array should be equal to an odd number of half
wavelengths. Under these ideal conditions, the data showed up to
80% efficiency for the conversion from longitudinal to shear waves.
This article if based on research first published in Physical
Review Letters

New sound diffuser is 10 times thinner
than existing designs

R

esearchers have developed an “ultra-thin” sound diffuser
10 times thinner than the widely used diffusers found in
recording studios, concert venues and cinemas to reduce
echoes and improve the quality of sound.
The new design, the result of a collaboration between North
Carolina (NC) State University in the US and Nanjing University
in China, uses less material, which would reduce cost, as well as
taking up far less space.
In a typical room with flat walls, sound waves usually bounce
off the walls, like light reflecting off a mirror. This creates echoes
and overlapping sound waves that result in uneven sound quality
depending on where you are in the room.
“Sound diffusers are panels placed on the walls and ceiling
of a room to scatter sound waves in many different directions,
eliminating echoes and undesirable sound reflections – ultimately
improving the quality of the sound,” said Yun Jing, an assistant

professor of mechanical and aerospace engineering at NC State
and corresponding author of a paper on the work.
But the most widely used diffusers, called Schroeder diffusers,
can be very bulky. That is because the size of a diffuser is governed
by the wavelength of the sound it needs to diffuse. Specifically, the
depth of a Schroeder diffuser is about half of the wavelength of the
lowest sound it needs to diffuse.
For example, a typical man’s voice can be as low as 85 hertz,
with a wavelength of 4 metres or 13.1 feet. If that is the lowest
sound the Schroeder diffuser will have to deal with, the diffuser
would need to be roughly 2 metres – or just over 6.5 feet – thick.
But the new, ultra-thin diffuser design requires a thickness that
is only 5 per cent of the sound’s wavelength. So, instead of being 2
meters thick, it would only be 20 centimetres – or less than 8 inches
– thick.
“Diffusers are often made out of wood, so our design would
P34
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use 10 times less wood than the Schroeder diffuser design,”
said Professor Jing. “That would result in lighter, less expensive
diffusers that allow people to make better use of their space.”
This reduction in diffuser thickness is made possible by the
design of the individual cells in the diffuser.
A Schroeder diffuser looks like a panel of evenly spaced
squares, which are identical in length and width, but vary in depth.
The ultra-thin diffuser also consists of evenly spaced squares,
but the squares appear to be of different sizes. That is because each
of the squares is actually an aperture that opens into a thin, underlying chamber. These chambers all have identical dimensions, but
the size of the apertures varies significantly – accomplishing the
same sound diffusion as the much larger Schroeder diffusers.
“We’ve built fully functional prototypes using a 3-D printer, and
it works,” Professor Jing said. “The design should work just as well
using wood.”
The paper was first published in Physical Review X.

Underwater drones
use sound to detect
underwater mines

D

rones that use sound to scour the ocean floor for
submerged mines can now beam back images to human
operators in close to real time.
The technology, developed by Canada’s Department of
National Defence, could also be used to autonomously map the
locations of starfish colonies, for example, or study deep-sea
hydrothermal vents.
The torpedo-shaped drones constantly scan the ocean floor
using sonar, reaching speeds of around two metres per second.
They use image recognition to search for shapes that look like a
submerged mine. Once they spot something, they send a picture
to a receiver up to 130 metres away. Humans can then review the
images and send in a crewed or remote-controlled vehicle to check
out the area in more detail.
Sending images is much more difficult to do underwater than
it is on land, says Professor Mae Seto, who led the research. Radio
waves, which are often used to transmit data above ground, are
distorted and blocked by seawater, which is hundreds of times
more dense than air.
Instead, most underwater messages are sent using sound waves

Technologists deploy an unmanned
underwater vehicle
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A conventional, two-dimensional conventional Schroeder diffuser (left),
compared with a new, "ultra-thin" two-dimensional Schroeder diffuser (right)

since they can travel longer distances in water. But they still get
distorted, which means it is almost impossible to send large file
sizes – such as images – without distortion becoming an issue.
Once the data is too distorted, it becomes impossible to decipher
the image when it reaches the surface.
To get around this problem, Professor Seto turned to software
that compresses images, making each transmitted image around
60 times smaller than the original. First, the original image is
broken into 10,000 separate tiles. Then the software searches
a database of sonar images to find a visually similar one that
matches each tile in the image.
Each database tile is encoded as a number, and a sequence of
those numbers is sent from the drone to a receiver, which could
be mounted on a buoy or tethered below a ship. Here the process
is reversed, with each number matched to the corresponding
image from the database. The result is an image that is similar
to the original but actually made up of tiny parts of thousands of
other images.
Professor Seto’s team tested drones equipped with this software
in the Bedford Basin on Canada’s Atlantic coast, and, in an exercise
codenamed Unmanned Warrior off the Isle of Skye in Scotland.
The drones managed to transmit images up to 130 metres, but
beyond that the data loss was so high that images couldn’t be
accurately reconstructed. Although the drones used in these trials
only lasted for six hours before needing to be recharged, Professor
Seto says that much bigger drones could search the ocean for days
at a time.
This report is based on one that first appeared in New Scientist.
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The depth dependence of
ambient noise coherence in
the Challenger Deep
By David Barclay, Michael Buckingham and Dieter Bevans

Introduction

A series of experiments aimed at measuring the power spectrum
and vertical and horizontal coherence and directionality of
ambient noise in the deep ocean were carried out between 2009
– 2014 using the family of “Deep Sound” autonomous acoustic
recording platforms. In December 2014, an expedition was
mounted aboard the Schmidt Ocean Institute’s R/V Falkor to
the Challenger Deep in the Mariana Trench, with the objective
of profiling the ambient noise in the deepest known spot in the
world’s oceans. The depth at the site is 10,916 m. When compared
with previous measurements made in the Philippine Sea to a
depth of 5,940 m (Barclay and Buckingham, 2013a), in the Tonga
Trench to a depth of 8,500 m (Barclay and Buckingham, 2014),
and in the Sirena Deep, Mariana Trench to a depth of 8,900 m,
the results show that below the critical conjugate depth (depth
at which the sound speed is higher than any sound speed above
it), the second-order noise field statistics depend on the relative
contributions of locally generated surface noise and distantly
generated propagating noise. The depth dependence of the
sound field varies with local surface conditions where near
constant noise power and coherence (directionality) is found
at moderate wind states and above, while a drop in noise level
below the critical depth is found during calm sea states. It is also
shown that the vertical noise coherence is well described by
the Cron & Sherman surface noise model (Cron and Sherman,
1962) with some depth-dependence explained by the local sound
speed variations.

Deep Sound

Deep Sound is a free-falling (untethered) acoustic recorder
designed to descend from the ocean’s surface to a pre-assigned
depth where it drops an iron weight and returns to the surface
under its own buoyancy with a speed of ~0.5 m/s in either
direction. Three variants of the instrument family have been
built, the Mk I, II and III. The data recorded at the Challenger
Deep was done by the Mk. II and as such this variant will be
briefly described here. More complete descriptions of all three
are found in previous publications (Barclay et al., 2009; Barclay
and Buckingham, 2013b; 2014). The instrument comprises of a
3.6 cm thick Vitrovex glass sphere with a 43.2 cm outer diameter
and a depth rating of 9 km, four external hydrophones, a conductivity-depth-temperature (CTD) sensor, and recovery beacons: a
strobe, radio beacon, and satellite beacon.
Inside the sphere an embedded microprocessor monitors
and records the acoustic and oceanographic data, six degree of
freedom inertial motion and magnetometer (compass) data, and
system data such as internal temperature and remaining battery
charge. The ensemble of data is used to trigger a drop weight when
a set of pre-determined conditions are met. In practice, this is
typically when the instrument reaches a pre-programmed depth,
or when a certain deployment time limit has elapsed, but may also
be due to a low battery warning, overheating, or communications
failure with one of the external sensors.
Pressure time series are recorded on four High Tech Inc.
HTI-99-DY hydrophones arranged in an ‘L’ shaped array with
three vertical and two horizontal spacing. The hydrophones
are mounted on arms to places them outside the motion-induced turbulence of the main instrument package. The acoustic
bandwidth of this hydrophone is 5 Hz – 30 kHz, and all four
channels are simultaneously sampled by the data acquisition
board at an over-sampled rate of 204.8 kHz and a dynamic range
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of 24 bits. The CTD provides real time depth and vertical speed
data, and is used to calculate temperature, salinity, density, and
sound speed depth profiles.
Battery recharge and data transfer are accomplished through
an external housing throughput connections and Wi-Fi connectivity, allowing the system to be recovered and rapidly redeployed.

Sound speed profiles and the conjugate depth

The sound speed in seawater is driven by an empirically derived
equation of state linking temperature, pressure, salinity, and
density. In the deep ocean, the sound speed profile is typically
described by warm (fast) surface waters, with decreasing temperature driving sound speed down with depth until pressure becomes
the dominant term, now raising sound speed with depth. This
results in a sound speed minimum, typically around 700 m depth
in temperate Pacific waters, known as the sound channel axis.
Sound rays refract towards this axis and remain in this ocean
wave-guide, allowing sound to propagate over thousands of kilometers with no attenuation due to interactions with the surface
and bottom (Munk et al., 1994).
Sound speed profiles are shown in Fig. 1, collected by
Deep Sound at the five deployments sites visited: Challenger
Deep (11°21.599’ N, 142°27.249’ E), Challenger Deep East
Basin (11°22.130’ N, 142°35.172’ E), Sirena Deep (12°43.680’ N,
145°47.820’ E), Tonga Trench (16°31.8760’ S, 172°12.0930’ W),
and Philippine Sea (22°13.572’ N, 126°13.807’ E). Despite their
disparate locations, the profiles are remarkably similar with
the sound channel axis between 700 - 850 m. Additionally, the
conjugate depth, the depth at which the sound speed is equal to
the sound speed at the surface, is at ~ 5 km for all deployments,
with the exception of the Philippine Sea, which has a critical
depth just below 4 km due to its higher latitude and cooler surface
waters. The conjugate depth is significant, since no surface-generated sound propagating in the deep sound channel may
penetrate below it and, according to Weston (Weston, 1980),
the ambient noise from surface sources is thought to decay to a

Figure 1. The ensemble of sound speed profiles collected by the Deep Sound
instruments 2009 – 2014 (deployment location indicated by colour), with the
solid black line depicting the sound channel axes and the dashed coloured
lines showing the conjugate depths.

Technical
negligible level. Prior to the development of Deep Sound, measurements of ambient noise below the critical depth to confirm
Weston’s prediction were sparse due to the relative difficulty of
deploying moored arrays in such deep waters (Morris, 1978; Gaul
et al., 2007).

Power spectrum, vertical coherence,
and directionality

As Deep Sound descends and ascends through the water column,
each hydrophone records a pressure time series. From the Fourier
transform, Xi(w), of the time series at the ith hydrophone, the
power spectrum
(1)
is formed, where T is the record length of each transform, the
brackets denote an ensemble average, w is angular frequency and
the asterisk indicates a complex conjugate. The spatial coherence
function between hydrophones i and j, defined as the cross-spectral density normalized to the geometric mean of the power
spectra at the two sensors, is also constructed as a measure of the
directionality of the noise field:
(2)

(i) Cox’s equation for vertical noise directionality

In a plane wave noise field, such as ambient ocean noise, the
vertical noise coherence can be related to the vertical noise
directionality through an integral expression derived by Cox
(Cox, 1973)
(3)

Contributions

where i=√(-1), q is the polar angle measured from the zenith,
and td=d/c is the acoustic travel time between sensors separated
by a distance d with a local sound speed of c, and F(q) is the
noise directional density function, representing the noise power
incident on the sensor per unit polar angle. The integral relationship is linear, thus the noise directional density function may
represent a superposition of source spatial distributions.

(ii) Cron and Sherman model of wind driven surface noise

A theoretical model of wind driven surface noise in an infinitely
deep ocean with an iso-velocity sound speed profile was derived
by Cron and Sherman (Cron and Sherman, 1962), where a
random uniform distribution of monopole sound sources is
placed on a plane immediately beneath the flat, pressure-release
sea surface. In effect, each monopole and its negative image in the
sea surface acts as a vertical dipole with power directivity function
cos2θ. From this geometry, the depth-independent vertical noise
coherence on a pair of sensors has the closed form solution
(4)
representing a directional density function for downward
traveling noise, consistent with the lack of an ocean bottom reflection, of the form
(5)
where u(.) is the Heaviside unit step function.

The depth-dependence of noise across the
conjugate depth
Philippine Sea, Sirena Deep, and Tonga Trench

Measurements made during the PhilSea experiment in May 2009
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in the Philippine Basin found that the Cron and Sherman model
described in Eq. (4) and the experimentally measured vertical
coherence function agree remarkably, both above and below the
critical depth, with some filtering need at low-frequencies due to
turbulent flow-noise generated on the surface of the hydrophones
by their motion descending and ascending through the water
column, and at high frequencies due to system noise (see (Barclay
and Buckingham, 2013a) for more detail). The agreement between
the data and model at all depths, with both amplitudes and
zero-crossings well matched in the real and imaginary components of the coherence, is shown in Fig. 2, taken from (Barclay
and Buckingham, 2013a). In computing the theoretical curves
in Fig. 2, the locally measured CTD sound speed was used in Eq.
(4). It follows from this result that the vertical directionality of the
wind noise in the band 1 – 10 kHz must be independent of depth
and well approximated by the cosine law in Eq. (5). The sound
speed profile has a negligible effect on the vertical directionality
of surface-generated wind driven noise since it is predominantly all downward traveling at steep angles, even at the sound
channel axis. Similarly, any bottom reflections make a negligible
contribution to the noise field, even at depths near the seabed.
As a result, the noise below the critical depth shows no change
in directionality.
Additionally, measurements of the power spectral density
across the wind driven noise band show no depth dependence
across the critical depth, as illustrated in Fig. 3. The wind speed
at 10 metres above the sea surface, U10, had a steady mean of 10
m/s during the deployment. The remarkable consistency of the
second-order noise field statistics across all depths is consistent
with the noise originating from local, wind driven surface sources,
with a negligible contribution from distantly located noise sources
propagating in the sound channel.

Figure 2. (a) Real and (b) imaginary parts of the filtered coherence function
versus frequency at 500 m depth intervals on the ascent in the Philippine Sea.
The jagged lines represent data and the smooth curves are the filtered version
of Cron and Sherman’s expression in Eq. (4). To separate the curves, 1 has
been added (subtracted) for each depth increment above (below) 3000 m.
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Figure 3. The depth-dependence of ambient noise power in the wind driven
noise band in the Philippine Sea, with centre frequencies at 1, 3, 5, and 8 kHz
with a 5% bandwidth. The solid line indicates the sound channel axis depth
while the dashed line shows the conjugate depth.

Figure 4. (a) Real and (b) imaginary parts of the vertical noise coherence in
the Challenger Deep, as a function of depth over the wind noise band and
plotted in dimensionless frequency, wtd=wd/c, where d is the sensor spacing
and c is the local sound speed. The black line indicates the conjugate depth
and the black dashed line is sound channel axis.
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These results are true for the typical deep-water sound
speed profile recorded in the Philippine Sea, as well as the
other deep-water locations where Deep Sound was deployed,
such as the Sirena Deep, and the Tonga Trench (Barclay and
Buckingham, 2014).

Challenger Deep

In December 2014, Deep Sound was deployed in the Challenger
Deep, Mariana Trench, as part of a multi-disciplinary research
cruise aboard the R/V Falkor that included the deployment of
demersal and benthic animal and microbe collecting landers, and
a video camera lander.
Deep Sound returned the depth-dependent vertical noise
coherence from the surface to its maximum depth rating of 9 km,
as illustrated in Fig. 4. In contrast to previously collected data,
a clear difference between the coherence above and below the
conjugate depth is apparent. Below the conjugate depth, at 7.5
km, the vertical coherence fits a modified Cron and Sherman
model, illustrated in Fig. 5, confirming that the noise is due to
locally generated surface sources, and predominantly downward
propagating with no apparent reflection from the seabed. Note
that below 1 kHz, the wind noise begins to roll off in strength
due to the nature of the sources (Wenz, 1962), while incoherent turbulent flow noise dominates the signal, causing the
real component of the coherence to drop to zero instead of the
predicted unity.
The model has been modified to fit the data by the addition
of a frequency independent scaling factor to account for the
broadband mixture of turbulent flow noise with characteristic
frequency slope f-5/3 (Lighthill, 1954) and the ambient noise on
the trailing hydrophone. Neither of these model modifications
has relocated the zero crossings of the coherence curves, and
a more complete discussion is given in previous publications
(Barclay and Buckingham, 2013a). Lastly, the model has been

Figure 5. (a) Real and (b) imaginary parts of the vertical noise coherence
below the conjugate depth, at 7.5 km in the Challenger Deep. The blue
line is the data and the black line is the modified Cron and Sherman model
calculated with the local sound speed.

given a small DC offset corresponding to zero time delay noise
across the entire band, which may be due to either electronic
system noise, or to noise arriving broadside to the array. The
contribution is small overall, and based on previous observations
with this instrument, most likely due to system noise.
However, above the conjugate depth, the vertical noise
coherence changes in character, as illustrated in Fig. 4. At the
sound channel axis, the vertical coherence appears to be nearly
P40
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constant across the entire wind noise band, with the characteristic roll off below 1 kHz due to flow noise, shown in Fig. 6a. On
closer inspection, illustrated in Fig. 6b, the coherence is the linear
superposition of a frequency independent constant and a scaled
Cron and Sherman coherence function. This combination can be
related to directionality by considering Eq. (3),
(6)
where
is the scaled Cron and Sherman contribution,
is a scaled version of Eq. (5), Γ0 is the frequency independent
constant coherence contribution and F0(θ) is its corresponding
vertical noise directionality. Eq. (6) is linear, so we can solve for
the unknown noise directionality, as it is clear that that Γ0 and
F0(θ) are Fourier transform pairs and thus unique. Therefore F0(θ)
must be due to noise arriving broadside, or exactly horizontally on
the vertically separated sensors, and the total noise directionality
at the sound channel axis must be given by
(7)
where A and B are scaling constant that ensure the normalization condition,
(8)
is satisfied, plus the requirement that the coherence must be unity
at zero frequency (or zero separation).
Since this horizontal contribution to the noise field is independent of frequency over the wind driven band of 1 – 10 kHz,
we can conclude that wind generated surface noise, not distant
shipping noise or any other narrower band source, is propagating
in the sound channel axis. Although wave induced surface sound
sources have dipole radiation patterns oriented in the downward
direction, and are therefore very inefficient at coupling into the
sound channel, bathymetric features such as the continental shelf
slope, sea mounts, and islands are known to contribute surface
noise to the channel via scattering (Carey and Evans, 2011). The
Challenger Deep is 300 km from the island of Guam, providing the
appropriate bathymetry for such a scattering mechanism.
The U10 wind conditions during the Challenger Deep deployment were light, with a mean of 4 m/s at the beginning of the
deployment, slowly rising to 8 m/s by the end of the recording
period. The contribution of locally generated surface noise was
therefore small, relative to the distantly generated noise in the
sound channel, giving rise to a noise directionality that more
heavily favors the second term in Eq. (7).
From this conclusion, can divide Fig. 4 into two regions.
Above the conjugate depth, where the noise field is comprised
of a relatively large component due to distantly generated noise
propagating in the sound channel and a small locally generated
surface noise component, and below the conjugate depth, where
the ambient noise is solely due to locally generated surface
wave action.

Conclusions

The importance of local surface conditions in determining the
noise coherence in a deep-water environment is demonstrated
by the collection of these data sets. When winds are 10 m/s or
greater, the noise field is dominated by downward propagating
locally generated noise, as was found in the Philippine Sea, Sirena
Deep, and Tonga Trench data. For winds lighter than 8 m/s, the
noise field above the conjugate depth comprises mostly of a horizontally propagating component of distantly generated surface
wave noise with a small downward propagating locally generated
component found both above and below the conjugate depth, as
found in the Challenger Deep. In both cases, reflections from the
seafloor do not contribute significantly to the noise field.
The Cron and Sherman model describes the locally generated
component of the ambient noise field which contributes with
constant power at all depths, while the distantly generated noise
can be described as a purely horizontal contribution to the noise
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Figure 6. Real part of the vertical noise coherence in the sound channel axis,
at 1 km depth in the Challenger Deep over (a) the full range of coherence,
showing the frequency independent constant coherence due to horizontally
propagating noise, and (b) over a limited, zoomed range to show the details
of the locally generated noise coherence. The data are plotted in blue and
the modelled coherence corresponding to the directionality given by Eq. (7) is
plotted in black.

directional density function, or as a broadband constant value to
the vertical noise coherence.
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Making use of ocean
ambient noise
By Chris Harrison

Introduction

Usually underwater sounds from shipping, machinery, wind
and waves are considered as "noise" since they interfere with
the "signal" in any sonar or seismological application. However
a surprising amount of quantitative information about the
environment can be gathered from this noise. This is analogous
to the qualitative sense of 'space' that one gets using ears alone
in a bathroom, a living room, a concert hall, a church, a theatre
– they're all distinguishable given some ambient sound.
This encoded information about the ocean boundaries may
be extracted in various ways from ambient wind and wave
noise. For instance, one can determine the seabed's directional
reflection coefficient. Even though propagation from distant
sources may encounter the surface and seabed many times the
bottom reflection loss may be determined from the directionality of the noise as received by a vertical array1,2,3. A completely
different technique that originated in ultrasonics4,5,6 and has
been developed in seismology ("seismic interferometry")7,8
relies on cross-correlating the noise. This is applicable in the
ocean acoustic horizontal plane with noise from individual
ships 9-12 and the ocean vertical plane with wind noise ("passive
fathometry")13,14. In all cases there are two "signals", either
from spatially separated receivers or from one receiver and its
image in a layered seabed or a target, whose cross-correlation is
related to their Green's function. The Green's function is essentially the impulse response at one receiver having replaced
the other by an impulsive source. This means that, with a bit of
signal processing, one or two passive receivers can behave like
an active sonar – a benefit if the surveyor / detector wants to
avoid being detected itself.
A summary of various techniques was given by Harrison15;
here we concentrate on passive fathometry, where a drifting
32-element vertical array with no man-made source can
produce a sub-bottom profile with two-way bottom penetration
of 50m or so13,14 that is indistinguishable from that produced
by a boomer or low frequency echo sounder. A variant of
this method, also discussed, has already been shown to be
capable of detecting a point target16. An interesting question
now is, can these same techniques be applied with more
compact arrays from quiet platforms such as gliders that move

(a)

(intentionally or unintentionally) in the vertical as well as the
horizontal simply by altering their buoyancy.

Cross correlation of noise in general

Following Roux, et al.10, the Green’s function or impulse
response is proportional to the time derivative of the cross-correlation between the respective time series from the two
receivers. To understand this generally, imagine the paths
between a single noise source (on the sea surface, say) and two
separated receivers. The travel time difference between these
two paths has a maximum or stationary point when the noise
source is on the projection of the straight line through the two
receivers. Thus allowing sources anywhere on the surface there
is a sudden truncation in correlation offset time which corresponds exactly to the separation of the two hydrophones. The
derivative with respect to time of this step function is a delta
function, so the result is the time domain Green’s function
between the hydrophones.
In the case of sub-bottom profiling (passive fathometry) the
real, "single" receiver is a vertical array of hydrophones which
is simultaneously steered to endfire up and endfire down. The
"up" beam sees the noise source directly and the "down" beam
sees its reflection in the seabed (or in a target). In effect there
is the real array and an image array supplying two signals that
are then cross-correlated. Given sufficient integration time the
result is identical to the impulse response from the centre of
the array.
The entire operation of cross-correlation, filtering, and
taking time derivative can be done in the frequency domain as
follows. Taking a few seconds' worth of data from all n hydrophone channels we Fourier transform to get a length-n vector
x at each frequency. Given an "up" and a "down" steering
vector we could form an up-beam-amplitude U = u†x and a
down-beam-amplitude D = d†x, but their product, C = d†xx†u =
d†Ru, where R is the cross-spectral density matrix, is the FT of
the cross-correlation. So after any filtering and averaging over
new time blocks this C can be inverse Fourier transformed to
reveal the time domain impulse response.

(b)

Figure 1. (a) Passive fathometer sub-bottom profile from drifting 32-element vertical array south of Sicily;
(b) Active boomer profile along the same track.

42

Acoustics Bulletin July/August 2017

Technical

Contributions

Sub-bottom profiling with noise

Siderius, et al.13 applied this approach to the domain of
sub-bottom profiling by cross-correlating all possible pairs of
hydrophones from a drifting vertical array and then aligning
their peaks in time according to position on the array. This
clearly demonstrates the link between correlating hydrophone pairs and correlating beam-formed time series. In this
context the endfire beams provide only crude angle resolution,
and their sole purpose is to reduce the integration time by
cutting out a lot of the uncorrelated noise. In principle a single
hydrophone would suffice given enough integration time and
stationary noise. Harrison and Siderius14 derived a formula for
the absolute value of the normalised cross-correlation of the
upward- and downward-steered beam time series.
Figure 1(a) is an example of a sub-bottom profile produced
by allowing a 32-element vertical array to drift for about
twelve hours in the vicinity of the Malta Plateau and Ragusa
Ridge between Sicily and Malta. Adaptive beam forming
has been used here to mitigate interference from nearby
shipping17. By carefully reconstructing the array's drift path a
subsequent profiling survey with an active boomer18, shown
in Fig. 1(b), demonstrates the remarkable accuracy of the
passive fathometer.

Target location with noise

In several experiments, see Fig. 2 for example, it was noted
that there was a persistent "echo" at about 21m two-way path
length. This was suspiciously close to the path length expected
for the array’s ballast weight. During later experiments an effort
was made to measure the positions of all potential scatterers,
floats, weights, etc. hanging from the array assembly, in order
to make a more systematic check of travel times. In addition,
experiments were done16 with and without three glass spheres
attached below the array. Figure 3(a) shows that reflections

Figure 2. Impulse response averaged over
a few minutes around time 23:00 (Record 300).

were indeed seen from the ballast weight at 19.5m below centre
(39m round trip), the stainless steel end cap of the array at 6.5m
(13m round trip), and two of the three glass spheres when they
were attached [Fig. 3(b)]. Whether one thinks of the source as
a small patch of sea surface noise sources above the array or
an effective point impulse source in the middle of the array
one might expect the lower spheres and the ballast weight to
be slightly obscured by the top sphere. This was believed to be
the reason for the unchanged end cap response but weakening
lower sphere and ballast responses in Fig. 3(b) when compared
P44
with Fig. 3(a).
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(a)

(b)

Figure 3. Correlation amplitude, to be interpreted as an impulse respons e, showing labelled returns (a) excluding the glass spheres,
(b) including the glass spheres. Black triangles indicate measured two-way path lengths to the ballast weight, the array end cap, and the three spheres.
P43

The strength of the echoes from the end cap, the unobscured
ballast weight, and the upper glass sphere could be predicted
by a slightly modified version of the sub-bottom profiling
equations16,14. Essentially the target echoes have a strength and
range dependence that behave exactly as if there had been an
active source at the centre of the array.

Target detection geometries in general

In the above experiments the targets were immediately below
the array, but it can be seen (by analogy with the tilted seabed
simulation14,16) that targets can also be detected and ranged
when away from the vertical line. The fact that in laboratory
ultrasonic experiments (on centimetre scales) targets have been
detected by autocorrelation of a single transducer4 adds credibility to this assertion. This is not the first underwater demonstration of target detection with noise, but the cross-correlation
approach is novel in resolving the target range – it operates like
a passive radar. In this respect it is quite distinct from "acoustic
daylight" techniques18,19 which, being an analogue of daylight
vision, resolves a two-dimensional angle.
Generally one can determine three-dimensional geometries for which noise-cross-correlation will produce a "target
echo" by considering a surface of distant (ambient) sources
that surrounds a target and a receiver. The essential ingredient
is a stationary value of travel time difference between the direct
path from any given source to the receiver and the indirect
path from the same source via the target. To see this, construct
a straight line through the target and receiver out as far as the
sources forwards and backwards in both directions. Sources on
that line and behind the receiver (away from the target) must
result in a well-correlated direct path and a target backscattered
path with path difference being twice the range from receiver
to the target. Similarly sources behind the target (away from
the receiver) will result in a well-correlated direct path and a
(weaker) forward scattered path with a path difference of zero.
Whether this latter path could be distinguished in practice
depends on details of the processing since one already expects
artefacts near zero delay. However the first type of "target echo"
is always available given sound sources behind the receiver.
In the horizontal plane the backscattered paths will provide
a range to the target given sufficient integration time. A horizontal or planar array would both reduce the integration
requirement and provide horizontal directionality. The same
reasoning applies to the vertical plane and the experiments
already described except that, typically, the noise sources only
exist above the target / array pair and not below. Nevertheless,
because the sources extend to the horizons the target can, in
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principle, be detected anywhere as long as its depth is greater
than the array depth.

Conclusions

It is possible to extract information about reflection coefficients
and sub-bottom layering from the coherence of ambient wind
noise with a drifting directional array. By steering an "up"
and a "down" beam then cross-correlating their respective
time series one can create a sub-bottom profile equivalent to
that of an active system. Generally the time differential of the
cross-correlation is equivalent to the impulse response (or
Green's function) when the difference between the direct and
the reflected path length has a stationary value.
Experimental examples to date have been seen with two-way
sediment penetration of more than 50m. A current challenge
is to be able to mount such an array system on, for instance,
a glider, and to cope with the effects of vertical motion on the
necessary time integration.
It has been demonstrated experimentally that the same
approach can be applied to detection of a target. In the usual
geometry in the vertical plane the target must be at a greater
depth than the array but otherwise can be offset from the array
axis. To understand what geometries are possible one need
only consider the travel time differences from noise source to
the array directly and via the target. In principle a target could
also be detected in a more general geometry in the horizontal
plane using, say, a horizontal planar array, but this has not yet
been experimentally verified.
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Possible options for the
identification of SOAEL and
LOAEL in support of the NSPE
This article provides a summary of a study commissioned by
Defra: Identification of SOAEL and LOAEL in Support of the
NPSE - NO0236. The contractors were AECOM (Glasgow office)
with the assistance from Berry Environmental Ltd and the Centre
for Environment and Health, Imperial College. The work was
completed in 2012 and published in 2015 (1). (Web address: http://
randd.defra.gov.uk/Document.aspx?Document=13333_NANR
316PossibleOptionsforIdentificationofSOAELandLOAELDecember2015.pdf)

N

oise assessments prepared in respect of environmental,
neighbour and neighbourhood noise sources are required
to be undertaken within the context of the current
Government advice relating to the management of noise. For
England, the overall policy can be found within The Noise Policy
Statement for England (NPSE) (2).
The aims of the policy are to:
avoid significant adverse impacts on health and quality of life
mitigate and minimise adverse impacts on health and quality
of life
• where possible, contribute to the improvement of health and
quality of life;
all within the context of Government policy on sustainable development.
•
•

This immediately raises the question as to what is meant by a
significant adverse impact.
The first aim of the NPSE requires that significant adverse
impacts should be reasonably avoided, and the threshold for such
impacts is effectively the Significant Observed Adverse Effect Level
(SOAEL). The second aim of the NPSE refers to noise impacts
below the SOAEL but above the LOAEL (the Lowest Observable
Adverse Effect Level) for which reasonable steps should be taken
to mitigate and minimise adverse effects on health and quality
of life. Research evidence shows that it is not possible to derive a

Source / Effect

Annoyance
LAeq,16h

Sleep
Lnight

single, objective noise-based measure that defines, for all sources
of noise in all situations what a significant adverse impact on
health and quality of life is. The spirit of the NPSE recognises that
what may be considered as an adverse significant impact in one
situation will not necessarily be significant in another. It is for this
reason that specific SOAEL and LOAEL values are not provided in
the NPSE but allows the necessary policy flexibility until further
evidence and suitable guidance becomes available. Take for
example the noise level to which a new residential development
will be exposed. The noise level in a vibrant and bustling city
centre or area of regeneration may not be considered as having
a significant adverse impact on quality of life for many reasons,
some of which may be the nature of the area and expectations of
those who choose to live there but, the same noise level may in
fact be significant for a rural development where part of the reason
for choosing to live there is the perception of peace and quiet.
Consequently guidance in respect of the SOAEL has been determined for different noise sources, for different receptors and at
different time periods.
The research undertaken examined the exposure-response
relationship in relation to the following identified health effects;
namely annoyance, sleep, stress, cardiovascular, quality of life,
well-being and general health and performance on cognitive
mental health. Consideration has been given regarding what
values or range of values might equate to SOAEL or LOAEL in the
given circumstances. The outcome of this research is summarised
in Table 1 below. It should be noted that where exposure levels are
given they should be regarded as indicative only.
The approach adopted in deriving possible LOAEL and SOAEL
values for transportation noise sources and effects including sleep
and annoyance are based on exposure-response relationships that
have been identified in the report as having sufficient evidence to
provide robust relationships. These relationships refer to community
responses over the long term and therefore may not be relevant for
assessing either the noise impacts on individuals or the short term
responses where there is an abrupt change in noise exposure.
Cardiovascular
LAeq,16h

Stress1

Quality of Life2

LOAEL

SOAEL

LOAEL

SOAEL

LOAEL

SOAEL

LOAEL

SOAEL

LOAEL

SOAEL

Road

56
53-59

66
64-68

46
43-52

56
51-64

A

A

58

67

Q

Q

Rail

63
61-66

72
70-74

55
52-63

68
61-77

A

A

Q

Q

Air

52
50-54

60
58-62

41
40-49

53
47-60

A

A

Q

Q

Amplified Music

QQ3

A

A

Q

Q

Neighbour

QQ3

A

A

Q

Q

Industrial

QQ3

A

A

Q

Q

Performance
Cognitive mental
health LAeq,T
LOAEL

SOAEL

504

1 Stress – Significance of impact based on assessment of Annoyance (A)
2 Quality of Life –Significance of impact based on qualitative assessment (Q)
3 Significance of impacts based on quantitative and qualitative (QQ) assessment
4 Refers to significance of impacts on cognitive impairment of schoolchildren, exposure levels outside schools of 50 dB LAeq, T over a normal school day, T hours.

Table 1: Summary of outcomes - Possible values or range of values for LOAEL and SOAEL for a given source/effect (Blank cells indicate on information available)
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Transport sources

Previous planning policy on noise (3) identified Noise Exposure
Categories (NEC) to assist local planning authorities in their
consideration of applications for residential development near
transportation noise sources. The NEC A/B boundary defined the
noise exposure for a particular mode as the criteria above which
noise should be taken into consideration with regard to planning
and therefore could be viewed as a candidate for deriving LOAEL
values for each transport mode. The continuous nature of people’s
response to noise means that this approach most certainly would
have left some groups of people genuinely highly annoyed, the
aim of that planning framework was is to provide an approach
to minimise the adverse impact of noise without placing unreasonable restrictions on development. Similarly, the NEC B/C
boundary defined the noise exposure for a particular mode as the
criteria above which planning would not normally be granted due
to noise impact (although there were circumstances when development could occur with appropriate noise mitigation measures.
This boundary therefore could be viewed as a candidate for
deriving appropriate SOAEL values for each transport mode.
Using the approximate conversion to express LAeq,16h levels to
Lden values1, it is possible to establish the percentage of the population that is highly annoyed (%HA) which corresponds to the NEC
A/B and NEC B/C boundary levels based on the EU noise exposure-response relationships for %HA for each transport mode(4).
The following Table 2 shows the %HA corresponding to each
boundary level for each transport mode.
This shows that the NEC A/B and B/C boundary levels are not
equivalent in terms of the effect of the noise exposure on the highly
annoyed response associated with different transport modes.
In order to manage the effect of noise on health and well-being
which is central to the NPSE, it could be argued that there should
be equivalence across the transport modes and this should be
reflected when establishing appropriate LOAEL and SOAEL values.
A possible way forward is to determine the average effect in terms
of %HA across all transport modes at both boundary transitions
and use this as a basis for determining the appropriate LOAEL
and SOAEL value for each mode of transport. These values are 9%
and 20%HA, respectively, as shown in Table 2, together with the
95% confidence interval ranges. Using the appropriate EU exposure-response relationship (5), the Lden levels corresponding to
9% and 20%HA can be derived for each transport mode to obtain
the corresponding LOAEL and SOAEL values as shown in Table 1
after converting to LAeq,16h. The LOAEL and SOAEL values for rail are
significantly higher than for road and air because the noise from
trains has been found to be less annoying than other transport
modes at a given exposure level2.

Amplified music

There is insufficient evidence to provide indicative LOAEL and
SOAEL values for assessing significance of noise impacts from
amplified music. The significance of adverse effects based on a

quantitative and qualitative assessment using current guidance
such as that published by the Noise Council Code of Practice (6) are
required to be undertaken on a case by case basis.

Neighbour

The NPSE focus on effects of noise rather than absolute levels has
interesting parallels with the definition of statutory noise nuisance
as defined in the Environmental Protection Act 1990. The issue of
SOAEL in relation to noise from neighbours and sound insulation,
or lack thereof, is to some extent related to the concept of nuisance.
However, whilst the statutory control of nuisance is well defined
there is no objectively measured level at which nuisance does, or
does not exist. The issue of noise nuisance in relation to sound
insulation is discussed in the main text of the report (Chapter 5) (1).
Without very extensive studies of sound insulation of different
types of properties and accompanying social/attitudinal surveys
to determine a robust community exposure-response relationship
for different house types it is not, as yet, possible to determine what
could be considered as a LOAEL. The possible link between LOAEL
and the Buildings Regulations is also considered in the main text of
the report (see Chapter 5) (1).
As explained in the main text of the report, unless and until
there is more robust evidence SOAEL is likely to remain related to
the concept of nuisance, in that existence of established nuisance
does indicate a SOAEL but a SOAEL does not necessarily equate to
nuisance. SOAEL can also be related to exceedances of any levels
as set out in legislation such as the Noise Act 1996 and the Clean
Neighbourhoods and Environment Act 2005.

Industrial

Industrial noise is variable in nature and it has always been recognised that noise characteristics and levels can vary substantially
according to their source and the type of activity involved. Also,
previous guidance in respect of planning and noise has highlighted
that the nature of this type of noise, and local circumstances, may
necessitate individual assessment (3). Given that there is insufficient robust information on people's response to industrial noise it
is not possible to derive a LOAEL or SOEAL for industrial sources.
Therefore, a quantitative and qualitative assessment will always be
required to be undertaken to assess the significance of the impact
of any change to be brought about by the introduction of new
industrial/commercial source, a change to an existing industrial/
commercial noise source or indeed the introduction of a new noise
sensitive receptor in the vicinity of existing industrial/commercial
noise sources .

Sleep

Transport sources

A similar approach as that described above for annoyance from
transport sources has been used to derive appropriate LOAEL and
SOAEL values for sleep disturbance using the EU exposure-response relationships (7) for the percentage of the population who
feel they are highly disturbed sleep (%HSD) and the LAeq,8h or Lnight

NEC A/B Boundary
Source

Contributions

NEC B/C Boundary

LAeq,16h

Lden

%HA
(±95% Levels)

LAeq,16h

Lden

%HA
(±95% Levels)

Road

55

57

7.7
(10.0-6.0)

63

65

16.2
(20.0-14.0)

Rail

55

57

3.2
(4.5-2.0)

66

68

11.8
(16.5-9.8)

Air

57

59

15.9
(20.0-11.8)

66

68

32.6
(38.0-30.0)

Average %HA and range across all transport modes

P48

9.0
(11.5-6.6)

20.2
(24.8-17.9)

Table 2: Percentage of the population highly annoyed (%HA) corresponding to NEC boundary levels for each transport mode
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values at the NEC A/B and B/C boundary levels. Table 3 shows the
%HSD corresponding to each boundary level for each transport
mode, together with the 95% confidence interval ranges.
Table 3 shows that the average %HSD across all transport
modes is 4% and 9%HSD for the A/B and B/C boundaries respectively. Using the EU exposure-response relationships for %HSD
the corresponding LOAEL and SOAEL values were derived as
shown in Table1. Again it is noticeable that the LOAEL and SOAEL
values for rail are significantly higher than for road and air because
the evidence shows that noise from trains causes less self-reported sleep disturbance than other transport modes at a given
exposure level4.
The WHO Night Noise Guidelines (8) quote a value of Lnight of
40 dB as being a LOAEL and state that above 55 dB, the "situation
is increasingly dangerous for public health". The noise exposure
range between the LOAEL and SOAEL values for all three transport
sources shown in Table1 do fall broadly within this range. A
further consideration is that the WHO guideline values are based
on a number of effects on sleep including body movements,
arousal and awakenings as well as self-reported sleep disturbance.
Deriving LOAEL and SOAEL values for sleep effects based purely
on self-reported sleep disturbance may not reflect all the potential
night noise impacts on health and quality of life.
For sources relating to amplified music, neighbour and industrial noise the relevant sections described above for annoyance
also apply to the assessment of sleep disturbance.

Stress

As annoyance can be a precursor for stress as explained in the
report with reference to the Noise →Annoyance →Health pathway
model, an assessment for the impact of noise exposure on
health due to stress could be based on health impacts related to
annoyance, and the associated LOAEL and SOAEL values adopted.

Cardiovascular
Transport sources

The literature review identified strong evidence linking noise
exposure to myocardial infarction (heart attacks) and other cardiovascular effects. This evidence and the associated exposure-response relationship only relate to exposure from road traffic and
may not be applicable to other modes of transport5. In addition,
it is recognised that statistically there is uncertainty in these
relationships due to potential other confounding factors such as
air pollution which may have been included and yet not directly
linked with noise exposure. However, despite these uncertainties
and given the importance of the potential noise impacts on health,
possible values for LOAEL and SOAEL for road traffic noise and
Perception

cardiovascular effects have been derived in line with the “precautionary principle” as followed by the Interdepartmental Group
on Costs and Benefits Noise Subject Group (IGCB(N)) in their
report “Noise & Health – Valuing the Human Health Impacts of
Environmental Noise Exposure” published in 20106.
The EEA Good practice guide on noise exposure and potential
health effects published in 2010(4) indicates a threshold value for
road traffic noise of 60 dB Lden (equivalent to 58 dB LAeq,16h) which
the main report suggests as a candidate for LOAEL. This LOAEL
value is within the range derived for LOAEL for annoyance. It
may therefore be possible to infer that the SOAEL for cardiovascular effects for road traffic noise is in the same range as that
for annoyance.
For other modes of transport and other noise sources there
are no adequate exposure-response relationships available for
deducing LOAEL and SOAEL values at the present time [but see
footnote (5)].

Quality of life (QoL)

As is explained in the main body of the report there is considerable uncertainty about what is meant by QoL, with different
meanings being used for the concept by different researchers.
The research for this report did not identify descriptors or metrics
which could be used as “threshold” for the effects on QoL. The QoL
generic descriptor can be viewed as a possible effect-modifying or
mediating variable in the Noise →Annoyance →Health pathway.
To assist in identifying possible QoL effects it is recommended that until further relevant research becomes available
the issue is considered in terms of a qualitative assessment. In
effect this means considering whether or not the change in noise
environment is likely to result in a change in established behavioural modes. A qualitative noise change may be described in
various ways. Typically, a useful qualitative guide when assessing
noise impacts is whether or not there are likely to be changes in
behaviour as a consequence of the noise generated by, associated
with, or potentially impacting upon the proposed development, for
example, will changes in the noise climate be such that it causes
people to change their behaviour by closing windows, raising their
voice or not using their gardens as before. The impacts can also be
positive. An example of such considerations is set out in Table 4.

Performance and cognitive mental health

The literature review only identified a possible LOAEL candidate
for assessing the impact from aircraft noise on the cognitive
impairment of schoolchildren of 50 dB LAeq,T where T is a normal
school day. There is insufficient evidence to identify other LOAEL
values or SOAEL values for other sources of noise in this context.

Criteria of Descriptor for residential dwellings

Noticeable (Disruptive)

Significant changes in behaviour and/or an inability to mitigate the effects of noise
leading to psychological stress or physiological effects, e.g. regular sleep disturbance;
loss of appetite, significant medically definable harm.

Major

Noticeable (Intrusive)

Causes an important change in behaviour and/or attitude e.g., the avoidance of certain
activities during periods of intrusion. Potential for possible sleep disturbance that may
result in difficulty in getting to sleep, premature awakening and possible difficulty in
getting back to sleep. Quality of life diminished due to change in character of the area.

Moderate

Noticeable (Mildly intrusive)

Noise can be heard and may cause small changes in behaviour and/or attitude eg.
turning up the television’s volume; speaking more loudly; closing windows more often.
Potential for non-awakening sleep disturbance. Can slightly affect the character of the
area but not such that there is a perceived change in the quality of life.

Minor

Table 4: Example of assigning descriptions for qualitative impacts from noise on residential dwellings
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Conclusion

It is clear from Table 1 that there are currently many situations
where there is no LOAEL or indeed SOAEL that can be readily
identified from available research. The established basic principle
of any noise impact assessment is to assess the change in the
acoustic environment that will be brought about by the proposed
development or change in the nature of the noise source. It is
important to appreciate that the assessment of change can, and
should be, both qualitative and quantitative, taking into account
the local context of the noise impact.
Where a possible quantitative change in noise level is to be
assessed, it is essential to ensure that the most appropriate noise
metrics, sampling periods and survey duration are used. For
example, it would be inappropriate to assess the level of change in

noise likely to occur following the introduction of a bus depot into
a suburban area by comparing the predicted LA10,18h with existing
LA10,18h noise levels; when the main noise level changes are likely
to arise due to large numbers of buses leaving, or returning, to the
depot over shorter periods of time outside the standard 06:00 to
24:00 hour time period.
The essential elements required in understanding a project and
its context in terms of a noise assessment are set out in the main
body of the report together with examples of how the extent of the
impact might be determined.
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NEC A/B Boundary
Source

Contributions

NEC B/C Boundary

LAeq,8h / Lnight

%HSD
(±95% Levels)

LAeq,8h / Lnight

%HSD
(±95% Levels)

Road

45

3.6
(5.9-3.1)

57

9.2
(13.6-6.9)

Rail

45

1.9
(3.7-1.4)

59

5.3
(10.0-2.8)

Air

48

6.4
(10.4-4.8)

57

11.8
(18.6-7.9)

Average %HSD and range across all transport modes

4.0
(6.6-3.1)

8.8
(14.1-5.9)

Table 3: Percentage of the population highly sleep disturbed (%HSD) corresponding to NEC boundary levels for each transport mode
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Assessment of the treatment of noise
in EIA and the planning system –
how can it be improved?
By Stuart Dryden of Rupert Taylor Ltd
This article is based on a presentation given at the IOA meeting in
November 2016, Defra Research - A Synopsis of Recent Publications,
which was a programme of studies that had been completed some
years before but not published at the time.

Introduction

The topic of noise is one of the most frequently occurring in
the field of Environmental Assessment. In 2011 the Institute of
Environmental Management and Assessment (IEMA) reported
that in a sample of 100 UK Environmental Statements published
from 2010 the occurrence rate of noise was joint first (with
Ecology) at 92%i.
In 2008 Defra commissioned a study on The effects of the
planning process on the noise environment with regard to human
health, flora, fauna and the built environment. This article focuses
on the two main aspects of the work: assessing how well noise was
dealt with in the preparation of Environmental Statements, and
how well noise mitigation was controlled. The study’s recommendations for improving both those areas are also presented. Finally,
in the light of the policy and other guidance that emerged between
the end of the study and its publications, the relevance of the study
findings in the changed context is considered.
For this study 15 ESs published between 2000 and 2006 were
assessed selected to cover a range of project types and contexts (eg,
rural, urban) and are listed in Table 1.

ES No

Assessing the Assessments

Quality of ESs – Methodology and findings

The Environmental Statement (ES) is a fundamental part of the
process of Environmental Impact Assessment (EIA) since it should
inform the decision-maker in reaching their judgement and also
serves to explain the proposal to other stakeholders including
the public. The quality of ESs is therefore a matter of concern and
specialists in EIA have sought to monitor how well ESs perform
their intended role. In an extreme case an ES might be so inadequate that it does not fulfil the requirements set out in the relevant
European Commission (EC) Directive .
The Impact Assessment Unit (IAU) at Oxford Brookes
University (OBU) has developed a quality rating scheme that is
applied to each of the various topics (each landscape, ecology)
that are covered in an EIA as well as to the ES as a whole and that
was one of two methods applied in this study. Oxford Brookes’
IAU method assesses an ES against eight components (eg, scheme
description, baseline) designed to cover the areas required by the
EC Directive; each component is rated and then the overall rating
is derived. The rating scale is described in Table 2.
Note that the overall grade for each component is not the
"average" of the grades for each query because the weighting given to
each query varies, and failures on some queries are not necessarily
offset by a good performance on others. The same principle applies
to the grading of the ES as a whole thus an ES could be graded A to C
for most individual components in the IAU system but "fail" overall if

Project Title/Description

Date

Type

1

AXXX Bypass

2003

Road scheme

2

AYYY Bypass

2000

Road scheme

3

Proposed Waste Recycling & Recovery Centre

2005

Waste

4

Wind Farm (16 Turbines)

2006

Wind Farm

5

Landfill Site

2005

Landfill

6

Thermal Waste Treatment Facility

2005

Waste/Energy

7

Sand and Gravel Extraction and Concrete Batching Plant

2006

Minerals extraction

8

Coastal flood defence improvement

2000

Flood Defence

9

Land at ZZZ

2005

Mixed Use

10

Underground Gas Storage Project

2005

Energy/Mining

11

Relief Road (including Park & Ride)

2006

Road scheme

12

Sand and Gravel extraction with restoration to land/water

2002

Minerals

13

Caravan & Camping Sites (2)

2004

Leisure

14

Furniture Distribution Centre

2002

Warehousing

15

Sand & Gravel Extraction from Quarry

2001

Minerals

Table 1. Description of Environmental Statements Reviewed
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some key component(s) are inadequate. The results of the assessment (applied to the noise sections and to some of the common
elements (eg, the scheme description) are shown in in Figure 1.
Figure 1 also indicates whether the noise section was prepared by a
member firm of the Association of Noise Consultant (ANC) and for
this sample of ESs the involvement of an ANC-member firm does not
appear to have much effect on the rating.
Although the IAU scheme considers the adequacy of the noise
elements of an ES, in the course of the project and independent set
of "Key Questions" relation to the noise elements were developed
in conjunction with Defra’s technical advisers (Box 1).
In practice although in many cases answering "Yes" or "No"
to a key question was straightforward there were a few situations in which there was some difficulty in deciding on response.
Reasons for this included a failure to mention an impact that
would probably not have affected the overall conclusions, or lack
of clarity as to whether an effect was "significant" in the ES sense
(though it might be possible to deduce the answer from information within the ES). Therefore two sets of scores were determined:
one only used answers where a rigid approach was used and the
second when a "judgement- based" approach was applied and
these are shown in Figure 2. There were four questions and up
to two phases (construction and operation) and so an ES scoring
A

generally well performed with no important omissions

B

generally satisfactory and complete, only minor omissions or
inadequacies

C

just satisfactory despite some omissions or inadequacies

D

parts well attempted but, overall just unsatisfactory (omissions/
inadequacies)

E

not satisfactory, significant omissions/inadequacies

F

very unsatisfactory, important elements(s) poorly done or not
attempted

Contributions

full marks on both phases would achieve the maximum score of
eight. However, four projects had only one phase and could only
achieve a maximum score of 4 and they are indicated with a star on
the chart.
As might be expected these two methods produce similar
outcomes and this is shown in Figure 3 which plots the score
against the rating for each ES. (The Key Questions scores are
expressed as a percentage of the maximum so that single-phase
and two-phase projects can be directly compared.) The areas
marked FAIL, BORDER-LINE and PASS relate to the letter rating (A
to F) for the IAU scheme.
It is noteworthy that nearly half the ESs were regarded as
failing or borderline under the IAU scheme and most ESs in those
P52

Figure 1. Distribution of Overall ES Grades using Oxford Brookes’ Rating

Table 2. Oxford Brookes’ grading scale for ES components and ES

Does it provide enough information to enable a decision to be made as
to the scale and extent of any noise impacts, and
…are all the effects articulated?
Is there enough detail to justify the conclusions in the ES and are they
explained?

Figure 2. Scores on Key Questions using Rigid and Judgment-based marking

Does it distinguish between significant and non-significant effects?
Box 1. Key questions for evaluating ES performance on noise

IAU ratings
Pass

60% (9)

Fail

13% (2)

Borderline

27% (4)

Key Questions Scores
Uudgement-based marking approach)
40% (6) scored 100%

40% (6) scored 50% or less
Box 2. Conclusions on the Quality of the ESs

Figure 3. Comparison of results from the Key Questions and IAU assessments
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categories did not score more than 50% on the Key Questions test,
even when using the less stringent "judgement-based" approach.
Note, too that although several ESs achieved maximum marks on
the Key Questions test (using judgement-based marking) none
scored higher than a B rating on the IAU scheme. Further statistics
on these findings are shown in Box 2.
Despite the poor quality of some ESs none of the planning
authorities "failed" an ES (though one did ask for further information). It is therefore interesting that applying the judgement-based
method of scoring the KQs has a greater effect on the lower graded
ESs than it does on the better graded ESs. This might mean that
LPAs are using a judgement-based approach when evaluating ESs.

Mitigation of impacts and planning conditions
Treatment of mitigation in ESs

The EC Directive requires the ES to include “a description of
the measures envisaged in avoiding, reducing and, if possible,
remedying significant adverse effects”. The ESs were therefore
reviewed to identify mitigation measures proposed; the construction and operating phases were treated separately (none of the ESs
included a decommissioning phase).
Several kinds of difficulty were encountered when assessing
the mitigation measures propose against the requirements of the
EC Directive. It was not uncommon for a mitigation measure to be
mentioned as a possible method, ie, not one that was committed
to by the project promoter and sometimes the status of the
mitigation discussed was not even clear. Other problems found
were: the description a mitigation measure (eg, height of a bund)
or its location were not stated and the benefit (ie, the noise level
reduction in decibels) was not provided.
A qualitative judgement on the likelihood of each mitigation
measure being implemented was made and the results are shown
separately for each phase in Figure 4. The conclusions are that the
percentage of measures mentioned in ESs for which implementation was considered to be ‘Probable’ or ‘Likely’ was:
• Construction Phase		
51 %
• Operating Phase		
63 %
• Overall			58 %

Treatment of mitigation by the competent authority in ESs

Under the EC Directive the project and its supporting ES are
considered by a "competent authority" (CA) which is designated
by the Member State. In England possible CAs include a local
planning authority, an inspector at a public inquiry, and a Select
Committee in Parliament. We have seen above what the Directive
requires of the project promotor (via the ES) in respect of mitigation. The Directive also sets out requirements for the CA as regards
mitigation, they include a requirement to inform the public of:
• the content of the CA’s decision and any conditions attached
to it
• the main reasons and considerations it is based on, and
• a description of the measures to avoid etc the major adverse
effects (changed to significant in 2014)

It might therefore be expected that the CA would take note
of any mitigation measures referred to in the ES when imposing
planning conditions. The noise-related planning conditions
imposed in the permissions granted for the projects in this study
were compared to the noise-related mitigation measures in the
corresponding ES to determine the extent to which the planning
conditions reflected the mitigation measures. This analysis was
carried out separately for the construction and operation phases
to determine the overlap between the mitigation measures and the
planning conditions and identify items that were not common to
both the ES and the planning consent. Figure 5 shows the results
for the construction phase and Figure 6 for the operating phase
(note that the pie chart sizes have not been scaled to reflect the
total number of conditions or mitigation measures).
The pie charts in Figures 5 and 6 show that of the 59% of the
matters covered by mitigation measures referred to in the ESs for
both phases (construction and operating) were not reflected in
the planning conditions. Conversely, 69% of the matters covered
by the planning conditions were not addressed in the mitigation measures.

Principal findings of the study
Quality of ESs

Two approaches were used to assess the quality of ESs. One graded
the overall ES and the second focused on key questions in relation
to the noise elements. The proportion of ESs considered acceptable
on these tests was 59% and 53% respectively. This suggests that
nearly half of the sample ESs were of insufficient quality for the
decision-maker to make the necessary judgements. However, none
of the ESs was rejected as non-compliant by the LPAs. A possible
explanation for this apparent anomaly may be found by considering the main reason for the poor performances.
The poor scores in the ES tests conducted in this study were not
normally caused by technical deficiencies. The principal quality
problems were presentational including poor organisation of
material and lack of clarity over criteria and the identification of
significant effects. On that basis it may be that LPAs were able to
deduce what the effects of a proposal were even thought they were
P54
not clearly explained in the ES.

Figure 5 Mitigation measures and Planning conditions – Construction phase

Figure 4. Estimated likelihood of mitigation measures being implemented
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Figure 6. Mitigation measures and Planning conditions – Operating phase

FIRESEAL
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™
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Fireseal™ helping to reduce noise
pollution with Class “0” acoustic foam
tested at >90kg/m3 and supplied at >90kg/m3

ventilation lining

sound absorption

acoustic enclosures
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Mitigation measures – information in ES – application of
planning conditions

There were two main deficiencies in the way that ESs dealt with
mitigation measures. Firstly, measures were frequently mentioned
that were not necessarily committed to by the project promoter but
were merely recommendations by the author of the noise section
(or not even recommendations). Sometimes it was unclear what
degree of commitment, if any, was intended for a measure. Only
57% of measures mentioned were thought to be "probable" or
"likely" to be implemented by the promoter.
The second problem was that the benefit claimed for a mitigation measure was not usually explicitly stated. Moreover, there was
not normally sufficient information to enable the effect of any mitigation to be independently verified. Planning conditions imposed
did sometimes address the same topics as the mitigation measures
in the relevant ES had addressed. However, 59% of ES mitigation
measures were found not to be included as conditions. On the
other hand, 69% of the planning conditions imposed addressed
matters not covered by mitigation in the ES.

Recommendations for improvement – for the
promoter and the ES team
Understanding the ES context

Some of the reasons for low ratings found in the ESs reviewed can
be categorised as a failure to realise that there are special considerations to be aware of when providing the technical topic section
of an ES (or its accompanying the Non-technical summary). The
main additional factors that need to be considered when preparing
a noise contribution for an ES are:
• Requirement of the ES Regulations and the vocabulary (especially relating to significance)
• Sequence and structure of the report
• Cross-references to other parts of the ES
• Whether mitigation measures are potential or accepted
One of the fundamental purposes of an ES is to identify the
"likely significant effects" and this issue was often not handled

well. Criteria have to be defined in the ES against which to assess
whether effects are likely to be significant. Although the ESs
defined criteria not all of them stated which criterion was being
used as the test for "significance". Even when the criterion used
to assess significance was stated (eg, in a section on criteria) the
conclusion in the ES might still fail to state whether the effects
identified were significant or not. Some ESs failed to mention
significance at all.
Another important purpose of the ES is to present the proposals
and their effects so that a wide range of bodies and ’stakeholders’
(including members of the public) can form a view about how the
project might affect their interests. The competent authority also
relies heavily on the ES in deciding whether to grant consent for it
to proceed. An ES includes a large amount of information covering
a wide range of environmental topics, some of which are by their
nature ‘technical’. The sequence and structure of the ES and the
presentation of the information in it is therefore a critical factor in
enabling the content and scope and the location of specific matters
to be understood and located. Without prescribing the specific
structure to be used for an ES the following simple checklist on the
organisation and presentation of information should help to make
the ES more effective in achieving the objectives outlined above.
• Use a clear, logical, hierarchical structure
– including a contents list reveals the structure and location
of topics
• Present numerical data in a table
– this is easier to read than a paragraph of text
• Use summary tables in the main text
– put detailed figures in Appendices
• Present noise levels than need to be compared in the same table
– do not require the reader to refer to two widely
separated tables
• Provide sufficient information on the location of receptors
• Cross-references to other parts of ES
– eg, to the Scheme description, Transport, or Ecology sections
The above points might seem rather trivial or obvious but

Figure 7. Timeline of changes to policy and guidance after completion of Final Report for Defra study
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examples were found of un-numbered headings and un-paginated documents so it cannot be assumed that such matters will
automatically be considered. A fuller set of guidance notes on the
preparation of noise elements of an ES is provided in Appendix G
of the report [1].

Technical issues

Although technical issues were not normally a principal reason for
low ratings taking account of the following points would improve
those sections in several cases.
• Consider relevant guidance
– explain why it is or is not being used in the specific case/is
not used
• Ensure standards are correctly applied
– and are up-to-date
• Provide sufficient explanation of any calculation processes
• Make clear whether noise levels are free-field or façade values

Recommendations for improvement – for the
ES Team and the Competent Authority
Mitigation measures

Problems were identified in the way that mitigation measures
were presented and defined in the ES and responded to by the
Competent Authority. The checklist below should help to improve
the performance of both parties.
• Clearly describe the status of mitigation
– identify integral/committed measures
• Provide adequate information on their location and specification (eg, bunds)
• Include estimate of benefit (in dB), when possible, and explain
how it was derived
• Include a schedule of mitigation measures expected to be
included as conditions
• The Competent Authority should review the ES mitigation
when drafting conditions

Context of the project

The study was completed in 2010 on ESs produced before 2007
so there are differences in the following guidance and policy
documents whose timeline is shown in Figure 7:
• Changes to the EIA Directive
Current version to be implemented in the UK by May 2017
• Government Policy Documents/Guidance
NPSE – Noise Policy Statement for England (2010)
NPPF – The National Planning Policy Framework (2012)
PPG Noise – Planning Practice Guidance Noise (2012)
• Relevant guidelines Environmental/Acoustics organisations
Association of Noise Consultants – Environmental Noise
Measurement Guide (2013)
Institute of Environmental Management and Assessment –
Guidelines for Environmental Noise Impact Assessment (2014)
ProPG – Planning & Noise: new residential development
Developed by the ANC, IOA and CIEH (expected 2017)
• New editions of relevant Standards
BS 4141 (2014)
BS 8233 (2014)
The question arises: are the findings of the study still relevant?
A comparison of the study’s recommendations with the policy and
guidance that has emerged subsequently finds several points in
common as shown below.

Importance of clarity in reporting

This is also raised in:
• ANC Noise Measurement Guide (2013)
• IEMA Guidelines (2014)
• Directive 2014/52/EU (to be in force by May 2017)

Defining/reporting on Significance and Significant effects

The publication of the NPSE (2010) has made this an even more
important factor because now an assessment also needs to identify
effects between the Significant observed adverse effects level
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(SOAEL) and the Lowest observed adverse effects level (LOAEL)
in the NPSE (2010) and consider mitigation measures to address
those effects
The issue of significance is also covered in PPG Noise (2012 but
updated periodically) and in the IEMA guidelines (2014).
Identifying committed mitigation and integrating it into
planning conditions
This a requirement of the Competent Authority under the new
Directive (2014/52/EU)

Future considerations

There is now more guidance available on the preparation of ESs
than there was when the ESs reviewed for this Defra study were
undertaken. It is also hoped that there is more experience, more
widely shared, both by those responsible for managing the production of ESs and by those specialists contributing to them.
The current directive identifies the importance of the competence of the three parties whose production and review of an ES
have the greatest effect on the success of the EIA process. The
Directive requires that the Competent Authority has sufficient
expertise to examine the ES, that Project Promoters (who are
responsible for producing the ES) use competent experts and
that experts must address an expanded scope for the ES as health
effects and post completion monitoring now form part of it.
However, competence is not defined or regulated and so that will
presumably be left to the Member States, and the relevant professional institutions.
Another feature of recent years is the expansion of the scale
and size of ESs. A larger quantity of information is likely to be more
difficult to access and understand without necessarily providing
more useful data or a higher quality ES. The new directive should
assist in this regard by providing more specific guidance on the
production of ESs. First, it specifies that screening should ensure
that an ES is only produced for projects likely to have significant
effects on the environment. Secondly, when requested by the
developer [of the project] the competent authority should give
guidance on the scope and level of detail of the ES; this is in order
improve the quality [of an ES], to simplify the procedures, and to
streamline the decision-making process.
Another emerging development is the Digital EIA . This uses
a web interface to access the data that would be included in a
conventional printed ES and Non-technical Summary and can
include text, plans, maps, and other graphics. This approach might
provide benefits during the preparation and dissemination of the
ES. During the preparation of the ES there would be easier sharing
of data between topics which should lead to better consistency
and the potential for more rapid updating (eg, of site surveys)
might provide increased efficiency. As regards use of the final
‘Digital ES’ there is the potential to provide a more accessible user
interface to enable detailed data about a specific topic across many
locations or multiple topics at the same location to be drawn from
the underlying database more easily than is possible with conventional printed information, particularly for non-specialists. There
would need to be a parallel provision eg, for members of the public
without suitable internet access or having special requirements for
accessing data on screen, but it might enable improved access for
many people.
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Industry
Letters

Update

Compelled to rebut three points
in wind farm noise complaints letter

I

’m grateful for the response
received from Dick Bowdler
in the May-June 2017 issue
of the Bulletin concerning our
article Perception and control of
amplitude modulation in wind
turbine noise, originally published
in January-February 2017 issue.
From Dick’s letter it is clear we agree
that ETSU-R-97 limits are formed
from considerations of LAeq, using
an assumed proxy relationship
between 10-minute LA90 and LAeq (the
discussion is on pages 54-66 of that
document, for the interested reader).
However, Dick’s argument states,
“from that point on everything is
LA90”, implying that LAeq becomes
irrelevant – this argument seems
tenuous. The basis of the limits
remains of fundamental, albeit background, importance in terms of the
purpose of the method and should
not be dismissed. As an analogy, a
builder cannot ignore the foundations of a house once it is built; they
remain integral in supporting the
building – especially when seeking
to build an extension, as happens
to be the case in point here. The
limits are derived from an LAeq basis
because it is a fairly good, well-defined descriptor for perception of
loudness and relates to people’s
responses to noise; the reason LA90 is
used for measurement / assessments
is primarily a practical one. Dick’s
suggestion to use the RUK LA90 data
to relate an AM character penalty
directly to the assessment metric
for the purposes of compliance
evaluation is acknowledged, but the
assertion that this can “simply be
done in the case of the RUK research
– and indeed, is in their report” is at
odds with the RUK report authors’
own analysis of their work, which
states that (page 68): “because results
for sets of stimuli with constant LA90
and changing modulation depth
are not available simple average
adjustments cannot be identified
[from the LA90 data] and further work
would be necessary” (my emphasis).
Reasons why the use of the data
in this way would be technically
problematic (and cautioned against
by the study’s authors) are detailed
in our article. As acknowledged in
the article, there is one situation
in which LA90 comparison-based
penalties could be applicable: when
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the behaviour of the measured wind
turbine noise approaches that of
the artificial signals, with nearly
constant mean, max and min levels,
relatively insignificant non-wind
turbine ambient noise, and very
prolonged AM with relatively large
modulation depth – in such extreme
cases the proxy relationship would
not be valid and so there would then
be a stronger argument to support an
altered application. However, as yet
there is no equivalent data published
from other studies to directly
compare with the RUK LA90 values
and to confirm its application in this
way (unlike the LAeq values), nor has
there been much evidence published
to suggest that these extreme AM
cases occur frequently in practice
– to echo the RUK authors, further
work would be necessary to support
Dick’s position.
I am also compelled to respond
to the letter from John Yelland,
concerning my reporting of the
results of an FOI request I made
about wind farm noise complaints
(published in Vol 42 Issue 2). There
are three points made that must
be rebutted:
Firstly, Dr Yelland claims that I
“simply delivered [my] FOI request
to the wrong council” and that the
“estimate of thousands of noise
complaints…was indeed correct”.
I trust that the additional figures
obtained by FOI from the other
Cambridgeshire District Councils
and subsequently published
alongside his own letter in the
May-June issue put Dr Yelland’s
mind at rest on this matter; specifically, that a total of two such
complaints were recorded by the
councils in 2016 – not quite the
thousands suggested. He, and
all other readers, are more than
welcome to view the obtained figures
themselves on the whatdotheyknow.com website, by searching
for “number of complaints from
residents within district about wind
farm noise in 2016”. Of course, if
Dr Yelland has verifiable factual
information to the contrary, then he
is welcome to publish it for anyone to
examine. I note of course that many
councils will not necessarily record
each complaint instance from a
single complainant as an individual
“complaint event”, but based on
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the FOI responses the complaints
figures, and therefore the extent of
the problem, are wildly different.
Secondly, Dr Yelland seems to be
concerned that my letter reflected
“most unfairly on the council officer
quoted”. In fact, at no time did I
quote first-hand any individual; I
quoted a statement from the Noise
Bulletin that had already been
published (Dec 2016). Furthermore,
as I mentioned in my letter, I could
not remember such a statement as
having in fact been made at the event
in question, which I attended. Having
followed it up, I was also concerned
that readers of the Noise Bulletin
would accept this apparently exaggerated statement as fact without
checking it; hence writing in. In my
original letter, I even, quite deliberately, omitted both the name of the
Noise Bulletin-quoted officer and the
council concerned.
Finally, one of the things I have
learned about in both my education
and experience in science and
acoustics is the importance of
evidence – in this case, supporting
evidence for a published claim that
I found quite surprising, and so
followed up with the tools available
to me, in order to verify its credibility.
My own view is that checking of
published material where possible
is a robust approach to take when
analysing information, so I admit
to a little confusion as to why Dr
Yelland would suggest that my
“enthusiasm to belittle the serious
noise problems now faced by so
many wind farm neighbours reflects
very badly on [my] professional
objectivity”. As noted above, I have
collated the available evidence and
drawn conclusions from it. If further
evidence became available I would
be happy to consider it.
Dr Yelland and any other readers
are very welcome to address any
further concerns they may have with
any information I have published
directly to me at michael.lotinga@
pbworld.com or indeed, pop into my
office for a cup of tea –
I love visitors!
Mike Lotinga, MIOA
Principal Engineer
Acoustics, Noise and Vibration, WSP

Industry

Update

Headphones could
become tinnitus early
warning system

A

new innovation from a Cambridgebased company that uses the science
of acoustics could soon have a
far-reaching impact on the early diagnosis
and treatment of debilitating hearing conditions such as tinnitus.
Plextek’s prototype has been designed
for integration within standard everyday
consumer headphones and has been proven
to detect the early signs of tinnitus – well
before a person would become aware of
the symptoms.
By syncing with a smartphone app the
technology could also be used to alert the
wearer to a potential problem and encourage
them to seek out early medical help or take
preventative action.
According to the World Health
Organisation, 50% of all hearing issues would
be preventable with some form of primary
intervention. However, existing technologies
used to detect conditions like tinnitus are
currently restricted to use within clinical and

hospital environments and therefore are
only used during intermittent health checks
or when patients are already experiencing
advanced symptoms.
The integration of Plextek’s solution into
commonly used in-ear consumer headphones removes this clinical barrier and, it
says, can play a game-changing preventative
role in the treatment of tinnitus, while also
particularly benefitting those within high-risk
environments such as loud noise environments, the military or music venues.
Plextek’s solution works by accurately
monitoring subtle changes to Auditory
Evoked Potentials (AEP) – a signal sent
from the brain by an acoustical stimulus
that measures an individual’s auditory
ability level.
Using a standard laptop and USB audio
card, the tests proved it was possible to record
ABR waveforms using in-ear headphones,
with the experiments using everyday brands
such as Sennheiser and Sony, to successfully

Danger ahead: Headphones set to
provide early warning system

demonstrate its mass audience appeal.
Collette Johnson, Director of Medical
and Healthcare at Plextek, said: “For those
not within perceived high-risk environments
such as the military, the danger of hearing
damage is not always immediately obvious.
“However, our modern lifestyle has meant
loud music and noise pollution is commonplace, resulting in a large amount of the
population suffering from hearing problems.
“By placing easily accessible detection
technology within consumer products,
everyone can constantly self-monitor and act
quickly on a condition like tinnitus that often
has life-changing effects on sufferers.”

SEA clinches contract to upgrade
Royal Navy noise system

S

ystems Engineering & Assessment
(SEA) has won a Ministry of Defence
contract to upgrade the ambient
noise prediction system (ANPS) for the
Royal Navy.
The ANPS takes meteorological and
oceanographic forecasts, together with
oceanographic databases, and performs
complex acoustic propagation calculations
to produce regular forecasts of ambient
noise conditions in the ocean. The results
enable the UK Royal Navy vessels to plan
operations and improve the effectiveness
of their sonars, allowing them to adjust
elements such as sonar frequencies and
depths accordingly.

Noise sources in the marine environment have changed considerably over
the past few years, as have the quality
and resolution of meteorological forecasting models and geo-acoustic data.
The upgraded ANPS will incorporate the
latest available environmental information
and take advantage of higher resolution
meteorological models to produce ambient
forecasts that will be used by vessels
equipped with sonar assets throughout the
Royal Navy.
The ANPS was first developed by
SEA, which worked in conjunction with
the National Oceanography Centre in
Southampton and in collaboration with

NATO scientists to undertake research into
acoustic characterisation of the seabed. It
was released to the RN in 2003.
The ANPS is now part of the operational support provided to the Fleet by
the Joint Operational Meteorology and
Oceanography Centre (JOMOC).
Peter Rhodes, Project Manager for
Maritime Research at SEA, said: “ANPS
is a valuable element in ensuring that RN
ships achieve the best results in deploying
their sonar assets and this update will
take advantage of the latest data and
resources available.”
For more information visit
www.sea.co.uk
Plain sailing: RN ships are to get an
upgraded noise prediction system
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Brüel & Kjær Vibro expands product
portfolio with acquisition of SetPoint

B

rüel & Kjær Vibro has acquired
US-based vibration technology
platform Setpoint.
Setpoint is a provider of vibration and
condition monitoring equipment, primarily to
the oil and gas and power generation sectors,
as well as to other industries. Its technology
enables customers to improve machinery
availability and reliability by delivering
accurate mechanical condition information,
helping to enhance their productivity and
improve return on investment.
Roderik Wiedemeier, President of Brüel

& Kjær Vibro, said: “Setpoint is a highquality strategic addition to Brüel & Kjær
Vibro. In the oil and gas sector, Setpoint’s
technology fulfils a critical role in operating
and optimising rotating and reciprocating
assets. These most technologically advanced
solutions allow clients to proactively plan and
manage maintenance requirements such as
shutdowns and overhauls.”
The Setpoint product line consists of a
machinery protection system (MPS) and a
condition monitoring system (CMS). While
the Setpoint MPS fulfils most industry

standard specifications for protecting rotating
and reciprocating machinery against catastrophic failure the Setpoint CMS utilises
the powerful capabilities of OSIsoft’s® PI
database functionality.
“This opens an entirely new paradigm
as to how condition monitoring is being
exercised. Customers will benefit from
the flexibility and user-friendliness of
this powerful CMS” said Amitabh Khosla,
Regional Sales Director Americas.

Goodbye to Parsons
Brinckerhoff as
WSP rebrands

W

SP has changed its name from
WSP | Parsons Brinckerhoff as part
of a major rebranding exercise.
The Toronto stock exchange-listed
company says the new brand “celebrates” the
culture built on the coming together of over
85 companies in the last five years, with WSP
growing to more than 36,000 people globally
and more than 7,000 people in the UK.
They includes Mouchel Consulting, which
was acquired from Kier in October 2016,
and will become WSP in July when it is fully

integrated with the wider business, and global
engineering business Parsons Brinckerhoff
which was acquired from Balfour Beatty
in 2014.
Mark Naysmith, WSP UK CEO, said: “This
is a historic moment in the history of our
company. WSP has witnessed vast changes
in recent years as we’ve grown by acquisition and strategic recruitment into a leading
global consultancy. This is the right time to
re-articulate our shared vision, and show how
we differentiate ourselves in the marketplace.

“We’ve identified a strong core brand
that unites us across cultures, clients and
expertise, putting the emphasis on finding
solutions to complex issues, taking accountability for projects in our local communities,
and designing projects with the future firmly
in mind. Our new UK structure reflects this
unified vision and puts us on a firm platform
for future growth.”

Rocket science? Cirrus instruments
assist engine testers

C

irrus Research has been helping an
engineering company in its quest to
reduce noise from rocket engines.
Two of its Optimus measurement instruments, supplied in field kit form, were placed
at two fixed positions at Airborne Engineering
Limited ‘s (AEL) test site at Westcott Venture
Park, Buckinghamshire, around 100 to 140m
from the engine. A third hand-held instrument was used to take spot-measurements at
other locations in and around the test site.
AEL specialises in measurement, testing
and research, particularly of advanced rocket
propulsion systems. One of its principal
services is carrying out static tests of rocket
engines for other aerospace companies.
In conjunction with one of its customers,
AEL has been carrying out a research
programme to investigate noise suppression
systems for rocket engines. If successful, this
will allow AEL to test bigger rocket engines on
the Westcott site without causing noise issues
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for other nearby businesses.
AEL said the Optimus instruments allowed
it to capture data which clearly showed the
noise profile of each firing and which could be
exported into AEL’s in-house data processing
and reporting system. This allowed correlation
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with the rocket engine’s performance data.
AEL said the information has allowed it
and its client to refine the noise suppression
system. It has also given reassurance that the
overall levels of noise are within acceptable
limits across the site.

What a blast: engine testing gets under way

Getting
a grip on
sound in
gyms

Contact
CMS Danskin Acoustics today
to request a copy of the
new dedicated brochure

‘Acoustic &
Vibration Solutions
for Gym and Sports
Flooring’

The UK gym market is booming, which means a huge commercial
opportunity for acoustic consultants ... but as a complex area where
each building differs in the way that shock and structureborne noise is
transmitted, how do you know what to specify?
For starters, bespoke materials and dedicated testing is
paramount, and with a specialist gym and sports flooring division,
CMS Danskin Acoustics is your ideal project partner:
Bespoke solutions to facilitate subjective testing - we’ll provide the sample
build-ups so that you can conduct the on-site testing. No guessing, no over engineering,
simply cost-effective solutions for your client.
Proven products for gym environments - we have one of the most extensive product
ranges for sound control in gyms including the market-leading Regupol® range and
impact sound solutions for free weight areas.
A true partnership approach - we don’t just provide the turnkey package for gyms,
we also work closely with acoustic consultants to ensure the very best solutions are
provided, not only from a technical point of view but commercially too.
This advert is a general guide and specific technical advice is recommended before proceeding with any transaction. Full technical information available from your local office.

Contact our technical team on

02380 625568

info@cms-av.com

www.cmsdanskin.co.uk
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Acoustic emissions to monitor
condition of mooring ropes

S

EA is supporting the University of Exeter
on a research project into how acoustic
emissions (AE) signatures can be used to
monitor the condition of synthetic mooring
ropes widely used in securing floating
offshore structures.
The research investigates using AE signatures to assess the degradation of mooring
lines by subjecting the ropes to sinusoidal
tension-tension loading in a controlled
environment, using a large-scale dynamic
tensile test rig. AE is widely used for condition-monitoring in air, and shows great
potential underwater.
With a linear array of 3 broadband (20 Hz
to 50 kHz) hydrophones, four main signatures are identified: low-to high frequency,
low-amplitude signals (50 Hz to 10 kHz),
low-amplitude broadband signals (10 kHz
to 20 kHz), high amplitude signals (10 Hz to

48 kHz) and medium-amplitude signals (500
Hz to 48 kHz). These AE types are related
to different stages of rope behaviour, from
bedding-in to degradation and failure.
The main findings are that the failure
location and breaking load can be identified
through the detection of AE. The occurrence
of high amplitude AE bursts in relation to the
applied tensile load allows the detection of
an imminent failure, i.e. prior to the failure
event, compared to most existing monitoring
techniques which are capable of detecting
the failure but not the degradation of
mooring lines.
Using AE for remote monitoring could
therefore become an attractive and less
costly option than using submersible
vehicles, where the task is often made more
difficult when operations take place in challenging environments.

Svantek offers in-house
calibration of noise
and vibration
monitoring
instrumentation

S

vantek UK is offering in-house calibration of a wide
range of its high performance noise and vibration
instrumentation at its new Bedford acoustic calibration laboratory.
The company, part of the AcSoft Group, has replicated
the acoustics calibration system used at Svantek’s facility
in Poland, meaning it can now perform a full factory calibration on all noise and vibration analysers and meters. As
a result, new instruments shipped to customers have a fresh
calibration certificate every time.
Svantek UK has added a vibration calibration fixture using
a Data Physics 16kg shaker together with Listen’s SoundCheck
software and a Dytran reference accelerometer to give a wider
range of capabilities. This enables it to calibrate vibration meters
according to ISO 8041 and tri axial or single axis accelerometers.
Vibration analysers are calibrated by applying electrical signals
to test the frequency response, linearity, overload/range limits, etc.
The vibration meter is tested using mechanical excitation either
with Svantek’s working standard reference accelerometer or
with the customer's sensor.
The filter characteristics of the meters are also tested in
accordance with the applicable standard either electrically or
vibrationally using Svantek UK’s reference sensor.
For accelerometers, the vibration test system allows Svantek
UK to measure both sensitivity at the reference frequency and
the frequency response of the sensor. This is completed by
performing the back to back calibration method.
For more information contact Paul Rubens on 01234 639551
or visit www.svantek.co.uk
A Svantek SV103 personal vibration meter
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SEA supported the research with the
provision of key sonar hydrophones.
Ultimately the partnership will be supported
with a NarcineArray low profile towed array,
the commercial sister to SEA’s defence
-riven KraitArray.
Dr Philipp Thies, Senior Lecturer
Renewable Energy - Offshore Reliability;
Programme Lead Energy Engineering at the
Exeter University, said: “We are delighted to
work with SEA on this research project. They
have been forthcoming with timely solutions
wherever possible. The kind provision of
their ball hydrophone enabled us to carry out
these first of a kind experiments and we are
very much looking forward to continuing our
collaboration through future projects.”

Book

Reviews

The Noise Climate Post-Brexit

The opportunities to tackle noise pollution in the UK
By John Stewart and others
Review by Stephen Turner

F

or many members of the Institute it can
be a salutary thought to consider what
of their work would remain if the policy
and legislation that drives it to be undertaken were removed. Furthermore, it is also
worth considering what caused our current
noise-related policy and legislation to exist.
It was the deafness amongst shipyard
workers, amongst other industries, that
caused some individuals to demand that
something be done about it. As a result,
the health and safety legislation on occupational noise came into force. It was the
campaigning efforts of John Connell in the
late 1950s that caused noise to become
a statutory nuisance. And it was societal
pressure that caused Viscount Hailsham to
establish the Committee on the Problem of
Noise that resulted in the publication of the
so-called Wilson Report in 1963.
The common thread with these three
examples is that the drivers were people who
felt that there was a problem that needed to
be addressed. Without such pressure, noise
policy or noise legislation might not exist.
Consequently, everyone who works in
noise management and who cares about what
is achieved should welcome this pamphlet (it

really is too short to be called a book), entitled
The Noise Climate Post-Brexit. It has been
compiled by John Stewart, well known to
some for his campaigning work regarding the
noise impact arising from Heathrow Airport.
He is supported by four other authors and
the pamphlet has been published by the UK
Noise Association.
Its focus is on what is described as
Post-Brexit opportunities for noise management, and considers, in turn, traffic noise,
aircraft noise, community noise, neighbour
noise, piped music and wind farm noise.
There is also a section summarising current
noise legislation.
It is succinct, with each topic discussed
on a double-paged spread, some including
pictures and most interspersed with soundbite text boxes. It is an easy read, although the
yellow font on the grey background in a few
places was difficult to see.
The content is a little uneven at times.
There are some sweeping statements which
could be challenged and there are some views
expressed that felt inaccurate. Conversely,
there are also some balanced appraisals of
the current situation. Evidence to support
the authors’ case is drawn from a variety of

sources, although some are 10 – 15-years-old.
The whole topic though probably changes
slowly enough over time to mean they are
still broadly valid. To its credit, the pamphlet
does more than simply highlight the issues, it
also offers solutions. Some are already being
pursued, some are worthy of serious consideration but others might be found to be rather
challenging to implement.
It is very easy for those who work
professionally in this area to find fault with
various parts of this type of document. But
it is important to remember that for the
authors, and those they represent, the issue
of noise is of such importance to them that
they are prepared to give up their spare time
to put together this pamphlet. It is people like
them who put pressure on our politicians to
recognise noise as an issue and who cause the
policy and legislation to exist that drives the
need for noise to be assessed and managed.
To misquote a sentiment attributed to
Voltaire “I do not agree with everything you
say in this document, but I will defend and
positively encourage you to say it”.
The pamphlet can be downloaded here:
https://goo.gl/rAAq2r

Precision Grade Measurement
Type Approved Class 1

Construction Site Noise
Manage compliance with NoiseScout

Planning Applications
Supports BS 4142

Building Acoustics
Using ADE & ISO 16283

www.nti-audio.com/XL2
Call 01438 870632 | uk@nti-audio.com
IOA-Ad-Feb-2017.indd 1
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Not Fade away for CMS Danskin
with acoustic ceiling range

C

MS Danskin Acoustics has reached
an exclusive agreement with
Copenhagen-based Fade Acoustic
Ceilings to bring its sound-absorbing wall
and ceilings products to the UK.
The system consists of a mineral fibre
board which is overlaid with acoustical
plaster. For curved, domed or vaulted
surfaces, a mineral fibre board with a
lower density is used, meaning it can
bend without splitting. It can be installed
directly onto an existing ceiling grid or on
a suspended steel construction and does
not require a layer of plasterboard.
Fade products have been used in
several high-end developments across
Scandinavia, including The Silo, a luxury
residential development in Copenhagen,
and The Brewery conference centre
in Stockholm.
Kasper Ehlert of Fade said: “We are
really pleased to be working with CMS
Danskin to bring the Fade brand to the
UK. They are acoustic specialists, so
understand the technical aspects of the
product, and I am confident they will be
able to advise on the best use of acoustical
plaster solutions to their customers.”
For further details visit www.
cmsdanskin.co.uk
On high: Fade ceilings
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AcSoft launches advanced
signal analyser

A

cSoft Sound & Vibration has launched
a handheld signal analyser from
California-based Crystal Instruments.
The new CoCo-80X is the latest touchscreen
system for data recording and analysis for
the automotive, aerospace, aviation and
military industries.
Capable of real time processing in the
field, the CoCo-80X is a battery-powered
handheld instrument. Combined with hard
keys, the multi-point touch functionality
touchscreen is designed for an intuitive
user interface that provides a wide variety of
analysis capabilities.
The CoCo-80X also has a range of connectivity choices including USB 2.0, 100Base-T
Ethernet, 802.11 b/g/n Wi-Fi, SD card, HDMI,
CAN-Bus/serial port, stereo headphone,
microphone jack and GPS.

Available with 2, 4, 6 or 8 channels, each
analogue input is serviced by two 24-bit ADCs
and a DSP implementing patented cross-path
calibration technology to achieve better than
150 dBFS dynamic range. Measured time
histories are stored in 32-bit single precision
floating point format (per IEEE 754-2008) and
all subsequent signal processing is performed
using floating-point arithmetic.
It offers 54 sample rates from 0.48 Hz to
102.4 Hz are provided with better than 150
dB of alias-free data from DC to 45% of any
selected sample rate protected by sleep 160
dB/Octave anti-aliasing filters. All channels
are amplitude matched within 0.1 dB and
phase matched within 1°.
For more information go to www.acsoft.
co.uk

The CoCo-80X

G.R.A.S aims to fly high with new
infrasound microphone

G

.R.A.S. Sound & Vibration has
developed a new microphone set
which aims to set a new benchmark for
infrasound measurements.
The 47AC is a CCP (Constant Current
Power) free-field instrument which offers
a frequency range from 0.09Hz to 20kHz,
dynamic range from 20dB(A) to 148dB and
sensitivity 8Mv/Pa.
Prior to the launch G.R.A.S. worked
extensively with Japanese Space Exploration
Agency (JAXA) to develop testing equipment
that enables realistic measurements of
sonic booms generated by aircraft.
It is envisaged that the
microphone will also
be used for

wind turbine measurements and in university research.
For more information contact
Emily Norman on 01234 639552 or at
emilynorman@gras.co.uk or visit
www.gras.co.uk

The 47AC
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Gracey & Associates

Sound and Vibration Instrument Hire
Since 1972 Gracey & Associates have been serving our customers from our offices in Chelveston.
After 41 years we have finally outgrown our original offices and are pleased to announce we have now
completed our move to new premises.
Our new contact details are:

Gracey & Associates
Barn Court
Shelton Road
Upper Dean
PE28 0NQ

tel:
fax:

01234 708 835
01234 252 332

e-mail: hire@gracey.com
web: www.gracey.com

One thing that hasnʼt changed is our ability to hire and calibrate an extensive range of sound and
vibration meters and accessories, with our usual fast and efficient service.

www.gracey.com

NOR150 Sound Analyser
Norsonic - 50 years of innovative
sound instrumentation
The Norsonic 150 is a single or twin channel analyser
providing you with a compact, reliable tool for many
measurement applications:
- Environmental
- Industrial
- Building Acoustics
- Sound Intensity

w: campbell-associates.co.uk e: hotline@campbell-associates.co.uk t: 01371 871030

ad-hire-17.doc – 2013/0415

SALES - HIRE - CALIBRATION
UKAS accredited calibration facility, see UKAS website for scope
of UKAS accredited calibrations offered:- www.goo.gl/9kVpY3

0653

REAL TIME WEB-BASED MULTI-PARAMETER
ENVIRONMENTAL MONITORING
NOISE, VIBRATION, DUST
& WEATHER ON A SINGLE
WEB-BASED PLATFORM

DIAMOND
SPONSORS OF ICSV24

From the 23-27th of July
Come and visit us on stand 30

NEW

A COMPLETE, LIGHTWEIGHT
AND PROFESSIONAL BUILDING
ACOUSTICS SOLUTION

SIG ACOUSTIC CAMERA

AT A PRICE THAT’S EASY TO JUSTIFY AND HARD TO RESIST!

NOW

AVAILABLE
FOR HIRE

•

Small, light, portable and easy to use

•

Acoustic Camera, Spectrogram and FFT can be
displayed simultaneously

•

Powered from a standard USB socket (just plug into •
a laptop, no separate power supply required)

Images can be stored as mp4 files to share with
team members/stakeholders

NL-52 the Heart of Rion’s
Complete Solution for
Measuring Environmental and
Domestic Noise
Full Support for BS 4142: 2014 Objective
and Reference Methods
WWW.NOISE-AND-VIBRATION.CO.UK |

INFO@NOISE-AND-VIBRATION.CO.UK |

01908 642846

