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e are all aware of the debate and challenges related to climate change. Many of us
understand the need for urgent action, however, personally and professionally it is a
job for ‘tomorrow’. Likewise, we can be so wrapped up in organising our day-to-day
lives and work that we miss the potential and opportunities offered by new technology.
The Corona Virus has forced us all to change how we work. Most of us have had to make
changes in a matter of days that left to our own devices would have taken years. While we
are all still adjusting to this new world, we realise that many of the changes we have been
forced to make are positive.
Innovation is the key to all our futures. This supplement does not attempt to cover all the
innovations in the broad ﬁeld of acoustics, rather it is a catalyst to open our minds to how
acoustics is part of the solution to many of the challenges we face. Whether it is as a positive
force in medicine or our quality of life, or as a factor to eliminate unwanted noise when
developing green energy solutions, acoustics is a key consideration in whichever ﬁeld of
work we are engaged.
Here at the Institute of Acoustics we are keen to help bring our members’ expertise to
work in partnership with other professionals to address the many challenges we all face.
Our members are experts in diverse ﬁelds from environmental noise to speech recognition
technology. Acoustics should not be an afterthought; it is a vital consideration in developing
new technologies and solutions. We are here to help make the networks to enable
professionals across the spectrum to work together.
Allan Chesney
Chief Executive
Institute of Acoustics
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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, electroacoustic, 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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NEWS

Sound beacons support
safer tunnel evacuation

Researchers at SINTEF, one of Europe’s largest independent research
organisations, have been testing an ‘auditory guidance system’ to
support evacuations from smoke-ﬁlled tunnels following vehicle ﬁres.
“The aim of the ‘EvacSound’ project is to develop a universal and
language-neutral system that can be used as a supplement to existing
signage and lighting systems”, says Tron Vedul Tronstad, a research
scientist who is heading the project.
“During the 2013 ﬁre in the Gudvanga tunnel, 67 people were
trapped by the smoke. More than 60 percent of these were foreign
tourists”, says Gunnar Jenssen at SINTEF. “If we want to help
everyone involved in such a situation, it’s important to have a
language-neutral auditory guidance system. There is no time to play
the same emergency announcement in 15 or 20 languages.”
The experiments were carried out in a cavern excavated under
the Ladehammeren hill in Trondheim. Thirty people of all ages were
equipped with tight-ﬁtting glasses that simulated smoke and impaired
their vision and were asked to ﬁnd their way out of the tunnel with the
help of sound beacons. They were provided with no other information
about what was happening.
The sounds came from loudspeakers located at 20-metre intervals
along the entire length of the tunnel, and which were used to test two
different auditory beacons. The researchers wanted to identify a sound
that causes people intuitively to select it to guide them out of the tunnel.
In order to make the experiment as realistic as possible,
researchers simulated the noises made by the tunnel fans during a
ﬁre and tested this using different noise levels to represent the two
situations that arise when a ﬁre breaks out. Immediately after a ﬁre
begins, the fans cut out in order to reduce the supply of oxygen to
the ﬁre. Later, the fans switch to full speed to force the smoke out
of the tunnel.
The data from the experiments showed that two-thirds of the
research subjects who understood that the beacons were there to
help them, found their way correctly out of the tunnel with the help
of the auditory guidance system.

TfL to trial new
electric bus sound to
improve road safety

An innovative new bus sound is being trialled on
London’s latest electric bus route.
Transport for London (TfL) has developed the sound,
which is played through speakers inside the front of the
bus, to ensure that all road users are aware of electric and
hybrid buses when they are moving at slow speeds.
Without this sound, these vehicles are almost silent, which
could pose a safety risk. The trial on the 100 bus route
comes ahead of an artiﬁcial sound becoming a regulatory
requirement for all new ‘quiet’ running vehicles in 2021.
The sound has been developed with input from Guide
Dogs for the Blind, London Travelwatch and other key
accessibility, walking and cycling groups. It will play until
the bus reaches 12mph, when it is reversing and when it is
stationary. When travelling above 12mph, the bus will
make enough noise that an alert is unnecessary. The pitch
of the sound will vary with the speed of the vehicle,
helping people know where the bus is and which
direction it is traveling.
The sound will be trialled at varying volumes over a
six-month period and feedback from road users,
residents, passengers and drivers will be collected
to help develop the most effective system.

World ﬁrst treatment with ‘acoustic cluster
therapy’ to improve chemotherapy delivery
The ﬁrst patient has been treated with an
innovative new technology that uses
microscopic clusters of bubbles and liquid
droplets to enhance the delivery of
chemotherapy drugs to tumours.
The clusters of microdroplets and
microbubbles are injected along with the
patient’s chemotherapy and the technology,
called acoustic cluster therapy, uses a standard
ultrasound scan to convert the clusters into
an activated form within the tumour.
Once activated, with further ultrasound the
clusters help to ‘pump’ the drug into the tumour,
greatly increasing the amount of drug which
4

reaches the cancer cells. This new treatment,
which is now being trialled by The Institute of
Cancer Research, London, and The Royal
Marsden NHS Foundation Trust, promises to
improve the effectiveness of the chemotherapy
by better targeting it to the cancer site, and could
potentially be explored with reduced doses of
drug in order to reduce the severity of side effects.
Acoustic cluster therapy was invented by the
Norwegian company, Phoenix Solutions. It was
further developed with proof-of-concept studies
by scientists at The Institute of Cancer Research
(ICR) and the Norwegian University of Science
and Technology (NTNU), Trondheim.
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How acousticians
may hold the key
to our survival

Sound cannot exist in a vacuum and as such, uniquely ties us to the
atmosphere as part of the planetary ecosystem. Acoustics is ubiquitous
and an enabling technology for sustainability so it affects all aspects of
society and our well-being. How humanity creates a future in which
humans can survive and thrive will undoubtedly require acoustics to be
a central part of the delivery mechanism. It will require new thinking
and innovation. How and why is explored in this article.
By Peter Rogers FIOA, Sustainable Acoustics Ltd

This article was written before the Covid-19 crisis and the deferral
of the International Year of Sound, but this goes to illustrate the
different challenges we face, with the rise of video conferencing,
and challenges of unlocking society to ﬁll our empty venues.

6
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To understand how acoustics will help enable human
survival through sustainability requires a journey back
through recent time and then, a little deeper.
Sustainability has traditionally been based on
three pillars:
• environment;
• social; and
• economic.
The concept of sustainability was ﬁrst deﬁned using the
Bruntland1 deﬁnition from the Common Futures report of
19872, which was used in 1992 at the Rio Earth Summit,
organised by the UN, to crystallise the guiding principles
as a future that “meets the needs of the present without
compromising the ability of future generations to meet
their own needs”. The report challenges mankind
concluding “in the ﬁnal analysis, sustainable development
must rely on political will”. Perhaps, so far, this has
become the sticking point globally.
With climate emergencies now being declared at local
levels and by national governments worldwide, the
political tipping point may be close. The National
Aeronautics and Space Administration (NASA) and the
National Oceanic and Atmospheric Administration
(NOAA) recently reported that the world has experienced
the hottest decade on record3. The reality of adaption
is now upon us and our children, says the
Intergovernmental Panel on Climate Change (IPCC)4.

The grandest of human challenges

Our current and future engineers are tasked to innovate
to provide humanity with the solutions for a sustainable
world. Acousticians have a fundamentally important
part to play to help humanity achieve sustainable living

1.
2.
3.
4.
5.

Main image:
We need to
deliver spaces
and places where
people can achieve
respite despite
living in highly
populated areas

where people are able to live comfortably, healthily, more
happily and without causing their own destruction. The
consequences of climate change make this much harder,
so this has become the grandest of all human challenges.
Humanity needs to ﬁnd ways to meet the problems
faced by society including expanding and aging
populations. Acousticians can help deliver cities that
support human needs, where innovative acoustic design
and diverse systems of soundscapes can better connect
people with each other and with wildlife.
This would create the variety of soundscape needed to
give society the options it desires between vibrancy and
respite. Restorative natural sound is also essential to create
places where people can achieve high quality sleep and
live and perform effectively in their waking lives in a way
which connects them to the world we evolved within. We
need to deliver spaces and places where people can
achieve respite despite living in highly populated areas,
within a 24/7 economy. We need to help deliver this against
a backdrop of increased urbanisation. The proportion of
people living in urban centres is expected to rise from more
P8
than 50% worldwide to 75% by 20505. This will be a big

World Commission on Environment and Development chairwoman Gro Harlem Brundtland
Common Futures Report 1987
https://www.ncei.noaa.gov/news/global-climate-201912
PCC report 2018
Urban population growth, Global Health Observatory (GHO), 2010) http://www.who.int/gho/urban_health/situation_trends/urban_population_growth_text/en/ , accessed 16.1.20)
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challenge for our people and our cities to adapt to.
Acoustic design will be important to create better sounding
cities as an integral part of the sustainable urban space.

Acoustics – key to humanity’s survival

The importance of acoustics stems from how we evolved
our sense of hearing and the hugely important role it has
played throughout our evolutionary journey. I believe this
holds the key to humanity’s continued survival and success
as we navigate climate change and ecological stress.
Acoustics is ubiquitous and runs through nearly all
aspects of society6. This means that wherever sound or
vibration is (in air, water, materials or land) it has an
inﬂuence on humans and other species that interact with
it. It links us to our environment.
Historically, humans, together with the rest of the
natural world, evolved hearing as a sense for survival
(threat detection) and to aid hunting to provide food.
Hearing was essential to ﬁnd prey in the dark of the
oceans during early life and as earth-life continues to
evolve, it remains a fundamental advantage whilst
hunting at night and over distances on land. This means
that hearing and sound is fundamentally linked to our
survival and connection to our planet. Our biology
reveals how we have also retained a link back to our
time living in the oceans, through our ﬂuid ﬁlled cochlea.

Above left:
Figure 1: Auditory
cortex in intact left
lateral view (A) and
oblique section
along dashed line (B)
Above right:
Auditory cortex
along the lateral
silcus with
the sections
corresponding
tonotopically to
the cochlea (B)

Acousticians have a fundamentally
important part to play to help
humanity achieve sustainable
living — where people are able
to live comfortably, healthily,
more happily and without
causing their own destruction.
6.
7.
8.
9.
10.
11.
12.
13.
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Sound profoundly affects our wellbeing

Sound behaves like an essential nutrient for our brains,
when considering the dose-response perspective7,
suggesting the right sort of sound that creates our sonic
environment will help us survive and thrive.
Physiologically, sound is converted into electrical signals
in the cochlea — this energy stimulates an area in the
superior temporal gyrus in the temporal lobe with ﬁnal
processing in the parietal and frontal lobes of the
cerebral cortex of our brains8. The energy generated
then nourishes the nervous system and stimulates the
vestibular system9. This means the sounds we are
exposed to, or are immersed in, can have profound
affects on our functions including memory,
concentration, mood and our health and wellbeing.
Silence does not in itself solve the problem as the
nutrient is then removed. Silence can be uncomfortable
or also indicative of an evolutionary trigger for threat.

Soundscapes

Since the start of the 21st century, our world has
become a noisier place and abatement, mitigation and
noise management has been the focus for acoustics.
Acousticians are often called in to make things quieter
in the noise management of the environment10.
The focus has been on scientiﬁc objective
measurement and the use of the decibel scale over
the human audible frequency range. To a large extent,
this ignored the quality or psychoacoustic effects of
the sound being assessed. It generally failed to
assess how pleasing or ‘euphonic’11 the sound or
soundscape was, suggesting that this was an
unimportant piece of information. (In concert hall
design though, we display our ability to focus on
the quality of the sound.)
‘Soundscape’ is deﬁned as the “acoustic environment
as perceived or experienced and/or understood by
people, in context” 12 and this is a paradigm shift in
human perception of their sound environments13.
The quality of the soundscape can range from
intolerable and harmful to our hearing over short
durations of exposure, to health threatening over
a lower level but longer-term exposure.

https://acoustics.ac.uk/wp-content/uploads/2019/05/Acoustics-sound-economy-report-May-2019.pdf
Ben Fenech of PHE in IOA presentation to London Branch 2018
Neuroscience. 2nd edition, Purves D, Augustine GJ, Fitzpatrick D, et al., Sunderland (MA): Sinauer Associates; (2001)
http://www.learn2listen.com/testing/2014/8/13/the-inner-ear
David Hendy, Noise – a human history of sound and listening (2013), ISBN: 978 1 78125 089 1
Rogers P, Euphony – A case for Evolving Acoustics Language to include positive or valued sound, IOA Vol.41 Pt 1 2019
ISO 12913-1:2014
Schulte-Fortamp,: http://www.euronoise2018.eu/docs/papers/405_Euronoise2018.pdf
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Alternatively, it can be perfectly suited and supportive
and restorative of our health and state of wellbeing.
Sound can change how we feel and how our
physiological systems react and perform. Although we
don’t often rely on our hearing to source food these
days, evolution insists that we continue to scan our
environments unconsciously for threats and we can’t
switch that off.
In noisy environments therefore this can become a
difficult and energy-intensive exercise, which is
potentially damaging to us if sustained. Noise becomes
a chronic stressor and our brains can suffer from the
increased cognitive load which leave us feeling tired or
unable to complete other cognitive tasks effectively,
or suffering from awakenings at night.
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Indoor life

Humans moved into buildings only relatively recently
and in the UK, we now spend 90% (on average) of our
time inside.14 We are therefore in danger of losing touch
with the outdoors and with natural sound.
Research has shown us that the less time we spend in
our natural environment, the less we care about it and
the less we are prepared to take action to protect it.15
With increasing use of digital communication during
indoor lifestyles, we are also in danger of signiﬁcantly
reducing our sound-based connection with one another
as more of our communication is online.
In the UK, the Office for National Statistics (ONS)
reported that 66% of all adults aged 16+ and 96% in the
16-24 age group, had used social networking within the
past three months. Children’s engagement with social
media is similarly high and increasing.16
The ability to sleep, hear clearly, communicate, work,
recover, connect with others, engage with family,
community, culture and creativity is essential for humans
to function optimally. Ultimately, the design of suitable
environments which support good acoustics is central to
providing humanity’s basic needs. For these reasons
acoustics is an enabling technology for sustainable
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Our sustainable future

The strong relationship between sustainability, design
and the construction industry has developed slowly.
The UK Green Building Council, which works for a better
built environment, was created in 2007.
The principles of sustainability can be simpliﬁed as
‘planet, people, prosperity’ and in 2019 the UN deﬁned
17 sustainable development goals, which ﬁt into the
pillars of sustainability and more clearly deﬁne the road
map for action.
Perhaps you won’t be surprised to hear acoustics helps
enable all 17, either directly or indirectly in some way.
There is now a fourth sustainability pillar: ‘place’ which
is where acoustics can play a real leading role. The
addition of ‘place’ to the other three pillars of
sustainability therefore gives us, Planet, People,
Prosperity and Place – the quadruple bottom line.
Acoustics can contribute signiﬁcantly to the beneﬁt of
humanity through achieving this quadruple bottom line.
So let’s work together to make 2020 — the international
year of sound — the year when the acoustic industry
hears and responds to the call for action and helps
humanity design for a more sustainable future.

Above: Figure 4 :
UN 17 Goals (2019)
Left: Figure 3 :
The Health Map
(Barton &
Grant 2006)
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living. Soundscaping design, which is in its infancy,
will therefore become an important part of delivering
sustainability. I predict this will rapidly rise up the agenda
as sustainability professions and the construction
industry better understand the linkages. Wherever
acoustics can promote the determinants
in the Health Map (below left) it will assist.

,

Richard Cowell FIOA of Arup who has inspired my interest by his
support and contribution to the IOA Sustainable Task Force, early
papers in Sustainability and Acoustics and continuing innovative
thinking. Also, David Trevor-Jones FIOA who stimulated my thinking
about soundscapes at a meeting of the Environmental Noise Group,
and who continues to challenge our thinking.

14. https://www.opinium.co.uk/brits-spend-time-indoors/
15. Natural England Access to Evidence Information Note EIN015 (2016)
16. https://publications.parliament.uk/pa/cm201719/cmselect/cmsctech/822/82202.htm
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Why immersive
technology is
here to stay
Alex Southern, Global Auralisation Lead for AECOM,
explains how immersive sound technology can complement
visual virtual reality, making plans for buildings and the
environment so much easier to understand.
Although we depend on both vision and hearing to
interact with our environment, we generally consider
what we see to be more important than what we hear.
The McGurk effect (see link on page 11) is a classic
example where our perception of the word we hear is
overridden by the lip movement we see.
Sight and sound do, however, complement each other.
Think of the iconic soundtrack for the ‘Jaws’ movie – the
imminent shark attack footage without the music is unlikely
to elicit the same response. Although sight tends to
dominate, our perception is not complete without sound.
When someone says “immersive technology”, people
tend to think of a virtual reality (VR) headset or perhaps an
augmented or mixed reality headset. These headsets are
usually associated with digital visual representations of an
environment. However, adding sound delivers a greater
sense of envelopment and with it, greater understanding.
The point is that immersive technology is not exclusively
visual. Sound plays a key role in establishing context that
enables people to understand the surrounding
environment — whether in virtual or actual reality.

Game audio to detailed acoustic design

Immersive technologies are redeﬁning how we access
and interact with digital information. The gaming industry
has driven the growth of this technology with hardware
and software tools that have made affordable applications
feasible for architecture, engineering and construction.
Gaming also means that the next generation of
colleagues, clients and suppliers will be immersivetechnology literate long before starting their careers.
While gaming has showcased immersive technology,
3D sound reproduction techniques are founded on
decades of scientiﬁc research. Take, for example, the
duplex theory of sound localisation developed by Lord
Rayleigh in around 1900 to explain how we can locate
sounds using two different auditory cues.
Today, our understanding of sound localisation allows
us to synthesise sounds in a speciﬁed location by
artiﬁcially simulating auditory cues using headphones or
loudspeakers. This is excellent for gaming, but has far
wider applications when combined with simulations of
10

Above:
Acoustic
consultants are
increasingly
offering innovative
immersive
technologies to
make planned
developments more
easily understood
by stakeholders

sound propagation and its interaction with different
surface ﬁnishes. Bringing these elements together
enables people to experience and compare different
acoustic designs that are being planned for buildings,
places and infrastructure.
There are many applications of this technology in the
architecture, engineering, construction (AEC) sectors,
but they all ﬁt three broad categories:
• health, safety and training;
• planning and design review; and
• stakeholder engagement.

Health, safety and training

Where visible and audible warnings are relied on for
safety – for example, operating machinery or driving
trains – immersive technology that incorporates sound
can help teach people to recognise hazardous new
situations or environments. Having an accurate simulation
of the soundscape provides a much more realistic training
environment than a sterile classroom. When training
people for activities such as public evacuations,
it improves situational awareness by enabling people
to learn in environments that would be cost-prohibitive
to set up in real life.
Simulations are also being used for workers before
they enter unusual environments, such as carrying out
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underground repairs on the Mosul Dam or working close
to a nuclear waste site in South Carolina. Immersive
experiences enable participants to prepare more thoroughly
through recognising and responding to risks in virtual reality.

Planning and design review

Whether developing public areas or private buildings,
consulting a professional acoustician at the start of a
project can deliver tangible beneﬁts where sound quality
is a concern. Immersive technology allows the client,
design teams and other stakeholders to audition design
options, compare acoustic quality and link their subjective
impressions to real cost savings.
As a result, they gain the conﬁdence to focus
investment where it is most needed. For example,
objective performance targets can be set for the
intelligibility of announcements in a public space or for
obscuring private conversations in a meeting room in an
adjacent communal area.
Although objective acoustic performance targets can
guide design teams towards successful solutions,
competing factors can make it challenging to achieve
them. Immersive technology helps to reﬁne and clarify
solutions by making the differences between targets both
audible and understandable. It can help to highlight how a
speciﬁc target will impact on end-users in practice and
how a relatively small investment in the right place can
achieve a large improvement.

Above:
Immersive
technology is not
exclusively visual.
Sound plays a key
role in establishing
context that
enables people
to understand
the surrounding
environment —
whether in virtual
or actual reality

Immersive technology

Where environmental noise is the concern, acoustic
consultants are increasingly offering innovative immersive
technologies to make planned developments more easily
understood by stakeholders.
Immersive technology allows a wider demographic to
engage with and contribute to an informed response in
the consultation process. Interactive apps, visualisations
and animated ﬂy-throughs of planned road routes
presented alongside immersive sound demonstrations at
public consultation events, can more clearly demonstrate
predicted differences without and with the new road,
railway or another kind of development in place.
These tools have proven highly effective in engaging
local authorities, nature and heritage bodies, other key
stakeholders and decision-makers throughout the planning
process. Enabling people to easily understand otherwise
complex designs increases their conﬁdence in an approach
and helps them to identify the key issues to address.

Sound character and context

Applying immersive technology to architecture,
engineering, construction and infrastructure is not a

passing fad. Seeing designs come to life early in a
project’s life should be convincing enough; however, it is
even more compelling when you can actually hear and
judge acoustic quality or noise nuisance for yourself.
The near-identical plots of sound level versus
frequency shown below could represent important design
data in an acoustic report. Acoustic or audio professionals
would probably say that all three sounds are from the
same or similar sources, but that could not be further from
the truth; in fact, they are from very different sources:
• construction noise;
• water and birdsong; and
• music.
Although this is an extreme example, it illustrates how
conventional reporting of sound events can miss out two
key qualities:
• character; and
• context.
The sound character of the three sounds is completely
different even though the objective levels are very similar.
Sound context is extremely important to perception too.
Returning to our earlier ‘Jaws’ example; imagine watching
the footage immediately prior to a shark attack scene as the
victim attempts to escape but with the soundtrack change
to comedy music, such as the Benny Hill Show theme tune.
The footage remains the same, but your overall perception is
likely to change to one of comic absurdity or bemusement.
Immersive sound technology genuinely improves how
and what we deliver – which is why it is here to stay.

links:

McGurk effect BBC Horizon
https://www.youtube.com/watch?v=2k8fHR9jKVM
Jaws soundtrack
https://www.youtube.com/watch?v=R3WwcsjWPIQ
Benny Hill Show theme
https://www.youtube.com/watch?v=MK6TXMsvgQg

Sound Quality not just Sound Quantity
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Ultrasound
Tomography (UST):

a potential new breast screening modality?
By Preena Patel, Morgan Roberts and Ben Cox
The diagnostic imaging gap

As of 2016, breast cancer is the most commonly
diagnosed cancer amongst women in the UK and
globally, it is the second most common cause of
cancer-related death¹. The current breast cancer
screening programme of mammography involves
compression of the breast to produce X-ray projection
images from two orthogonal planes, which can reveal

Left: Figure 1:
Reﬂection, sound
speed and stiffness
images of a human
breast using the
SoftVue System.
A mammogram
is shown the
bottom right for
comparison.
(Images courtesy
of Dr Neb Duric).
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suspicious lesions ², ³. However, in women with dense
breasts, the shadow of a breast tumour can easily be
hidden within the complicated background structure of
the glandular tissues and hence its sensitivity in these
women decreases signiﬁcantly⁴. This is particularly
noteworthy, as women with dense breasts are at
higher risk of breast cancer⁴ and because there
is no clinical biomarker of breast density until a
mammogram has been done, there is no way to
predict whether a woman has dense breasts or not.
Other weaknesses of mammography include the pain
associated with breast compression, the psychological
trauma of over-diagnosis, and the use of ionising
radiation². For these reasons, despite the reduction in
mortality shown due to screening, there is still
controversy as to whether breast screening does more
harm than good and most breast imaging experts would
agree there is scope for improvement². Nevertheless,
whilst mammography is imperfect, it currently remains
the most practical and cost-effective approach for
breast cancer screening. However, the above
drawbacks continue to drive the development of
alternative screening modalities.
Magnetic resonance imaging (MRI) has been
demonstrated to have superior sensitivity compared to
mammography in younger, high-risk women⁵. However,
it is probably not cost-effective for breast screening in
large populations. A cheaper alternative of ‘Fast MRI’ is
being explored, however a signiﬁcant proportion of
individuals do not tolerate MRI scans due to
claustrophobia (approximately 15%) ³. Diffuse optical
imaging techniques are currently limited by the fact that
light scatters signiﬁcantly while propagating through the
breast, thus the spatial resolution is too low to detect
small, early tumours⁶. Several photoacoustic tomography
systems (whole breast and hand-held) in many stages of
development are also showing promising results¹⁸.
Conventional ultrasound (US) imaging of the breast is
currently used in the diagnostic pathway if a suspicious
lesion is identiﬁed on a mammogram¹. It aids
differentiation of soft tissue masses and cysts.
As US does not use ionising radiation, it provides
scope for screening younger patients, on a larger scale,
more often. However, few studies have demonstrated
that ultrasound imaging by itself can match the
sensitivity of mammography³. In addition to this,
it is time consuming and requires an experienced
practitioner, which subsequently increases the cost
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above that of a screening tool. To overcome this,
automated breast ultrasound systems (ABUS) have been
developed. They can generate reproducible qualitative
images of the whole breast using a mechanical scanning
device which holds the transducer and produces a stack
of images of the screened area⁷. In these devices,
scanning is accomplished by mechanically moving the
probe over the breast in a way similar to that used for
hand-held US⁷. The main advantages of these systems
include a reduction in variability in examination
performance due to less operator dependence, and
reduced physician time. These systems have received
FDA approval for breast screening in the USA and large
multi-centre clinical trials are currently ongoing⁷.
Ultrasound tomography (UST), like ABUS, is an
operator independent ultrasound imaging technique.
However, it can produce quantitative images⁸.
The quantitative nature of these images allows
for objective (rather than subjective) interpretation of
images, development of diagnostic standards/cut-offs,
and scope for additional research into correlations
between images and pathology. Additionally, in UST,
several slices of the 3D breast volume are produced⁸
such that the effect of overlying and underlying
anatomical tissue can be effectively removed when
viewing individual slices. The detrimental problem
of superposition in mammography of dense breasts
can hence be avoided.
In 1974, Greenleaf et al. recognised the potential
advantages of using a non-ionising tomographic
method that removes operator dependence and
gives quantitative images, and they introduced the
fundamental concepts and initial experiments of UST⁹.
But only within the past decade or so has the increase
in availability of affordable high performance computing
facilities, multi-channel data acquisition, and improved
theoretical understanding, led to renewed interest in
UST, and the development of clinically useful devices.

Ultrasound tomography

UST systems comprise a patient bed on which the
patient lies prone10. The patient’s breast is suspended
through an opening in the bed into a water tank
underneath the bed10. There is therefore no painful
breast compression. The breast is surrounded by a ring
or bowl array of ultrasound transducers. (The water is
a coupling medium between the transducers and the
breast.) Scanning typically involves sending pulses of
ultrasound into the breast from one or more of the
transducers and measuring the reﬂected and transmitted
pulses on some or all of the remaining transducers.
Some systems then physically rotate and repeat the
measurements at multiple angles.
Acoustically, the breast can be considered as an
inhomogeneous medium containing numerous
structures (glands, lobules, muscle, fat etc) that result in
spatial variations in sound speed, density and acoustic
absorption. As a sound wave propagates through such
a medium, it will be scattered, refracted and attenuated,
resulting in measured signals that contain information
about the distribution of acoustic impedance, sound
speed, and attenuation. These measurements can
therefore be used to form images of these quantities,
the acoustic impedance depending primarily on the
scattered waves, and the sound speed and attenuation
on the through-transmitted parts of the signal⁹.

The earliest approaches to image reconstruction
made an analogy with X-ray computed tomography,
in which the measurements are line integrals of the X-ray
absorption⁹. If the sound is assumed to travel along rays
between emitters and receivers, then the measured
drop in signal amplitude can be related to the line
integrals of the attenuation along those rays.
Furthermore, the time it takes the sound to pass from
an emitter to a receiver can be linked to the line integral
of the sound speed along the ray joining the two.
The simplest algorithms assume that the rays are
straight; more advanced algorithms can include the
refraction of the rays¹⁹. Either way, quantitative images
of the sound speed and attenuation can be recovered
from the line integrals. Reﬂection images, which are
closer to conventional B-mode images can also be
obtained. More recently, there has been a move towards
reconstruction approaches known as full-wave inversion
approaches, in which a numerical model of acoustic
propagation is iteratively updated, e.g. the sound speed
distribution is updated, until the output matches the
measurements20, ²¹, ²². This approach to recovering
the sound speed or attenuation maps makes fewer
assumptions, and is more ﬂexible, than ray-based
approaches and higher quality images can be obtained
in this way. However, it is non-trivial and can be very
computationally expensive, especially in 3D.

Above: Figure 2:
UST sound speed
and reﬂection
images of a fatty
human breast and
a dense human
breast using the
QTUS system
(Image courtesy of
Dr James Wiskin
and Dr Bilal Malik)
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The resulting images, particularly the quantitative
images of sound speed and attenuation, provide
different contrasts, which can help differentiate
between different tissue types, for example between
benign and malignant soft tissue masses, cysts and
background breast tissue. Furthermore, the quantitative
nature of the images will facilitate comparisons over
time. The production of images which show quantitative
distributions of multiple acoustic parameters, increases
the ability to differentiate structures and provides an
opportunity for fusion images which may be useful in
lesion detection.

Current systems

Several UST systems have been developed by
research groups to carry out pilot clinical work.
For UST, transducer elements are ideally distributed
around an aperture to achieve full coverage of the
breast, but research groups have met this criteria
using many different conﬁgurations.
The SoftVue system has been developed by
Delphinus Medical Technologies (Karmanos Cancer
Institute). It acquires 2D coronal slices of the breast
using a ring array of 2048 identical transducer elements,
which focus energy into a narrow plane¹¹. The ring
is mounted on a motorised gantry which moves from
the chest wall all the way to the nipple, and acquires
multiple slices which can then be stacked to form a
pseudo-3D/2.5D volume¹¹. Figure 1 (on page 12) shows
as image obtained using the SoftVue system.
The QT Ultrasound Breast Scanner is a breast
scanner which acquires data using separate arrays for
transmission and reﬂection mode¹². For transmission
mode, a large single-element transmitter generates an
unfocused plane wave that propagates through the
breast and is detected by a 2048-element rectangular
receiver array¹². In reﬂection mode, there are three linear

arrays which are focused at different depths within the
breast, these acquire data in a manner similar to
standard B-mode imaging¹². The scan head rotates and
translates the arrays to achieve full coverage of the
breast, and uses fully 3D methods to reconstruct
images¹². Although, its FDA clearance is for use as an
adjunct to mammography, the company is generalising
this imaging modality for use in other parts of the body,
and have demonstrated that quantitative transmission
tomography can still be used in the presence of bone
and air, which generate large reﬂections. An example QT
scan of the human breast is shown in Figure 2 (on
page 12).
The Karlsruhe Institute of Technology (KIT) have
designed a system which uses a semi-ellipsoidal

Above: Figure 3:
Schematic of the
KIT 3D UST system
(Image courtesy of
Dr Torsten Hopp)
These images can
also be found in:
T. Hopp, M. Zapf,
E. Kretzek,
J. Henrich, A. Tukalo,
H. Gemmeke,
C. Kaiser, J. Knaudt,
N. V. Ruiter,
“3D ultrasound
computer
tomography:
update from a
clinical study,”
Proc. SPIE 9790,
Medical Imaging
2016: Ultrasonic
Imaging and
Tomography,
97900A (1 April
2016); https://doi.
org/10.1117/12.
2216686
Left: Figure 4:
3D UST fusion
(reﬂectivity and
sound speed)
images of a human
breast using the
KIT 3D UST system.
The cancer can be
seen as an uptake
of contrast agent
in the MRI images.
The MRI images
are registered to
the UST images
such that it has the
same shape (Image
courtesy of Dr
Torsten Hopp)
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bowl aperture, shown in Figure 3. There are 2041
small omnidirectional elements distributed over the
bowl surface, which emit spherical waves so that a
3D reconstruction method can be used¹³. The bowl
can also be rotated and translated to acquire data from
more positions. Images from a clinical study using the
KIT system are shown in Figure 4. The KIT group is
currently developing another system, 3D UST III,
which will have a larger aperture to accommodate
fatty breasts which spread horizontally due to
buoyancy¹⁴. They are also improving the distribution
of transducers on the surface of the bowl, which reduces
the number of rotations needed and therefore the
acquisition time, which reduces the image artefacts
that arise from patient motion¹⁴.
Finally, Wroclaw University of Technology have
designed an ultrasound transmission tomography
system which also uses a solid-state ring array.
Their design is such that it uses printed circuit boards
and simpliﬁes production of the system leading to
reduced cost and time to manufacture¹⁵, ¹⁶. They have
also developed an approach to recognising lesions
within an UST image based on the characteristic of
transmission, reﬂection and fusion images, based on
in vivo examination of breast lesions¹⁷. This method of
interpretation for clinicians helps translate this
modality into routine clinical practice.

Summary

Shortly after the inception of X-ray computed
tomography, Greenleaf et al. introduced UST in 1974, by
using an analogous approach with ultrasound. Now, UST
is a rapidly emerging technology for medical imaging
which is gaining greater interest for a wide range of
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Accessible and
enhanced (A&E)
audio trial

Trialling next generation accessible TV audio with BBC’s ‘Casualty’.
By Dr Lauren Ward, University of Salford and BBC R&D

Last summer, 6,228 people viewed the ﬁrst public trial of
a new approach to personalised and accessible TV audio.
The trial brought together broadcast research from the
University of Salford and BBC R&D, and put it into
practice with BBC Studios’ programme, ‘Casualty’.

What was the aim?

Many viewers, particularly those with hearing loss, ﬁnd
understanding speech on TV challenging. But the
challenges faced are as many and varied as the
viewers themselves.
• Are we familiar with the content? That will make
understanding speech easier.
• Are we watching in a quiet living room – easier.
• On a mobile device on the Tube – deﬁnitely harder.
• Are we paying close attention, or just have the TV on in
the background?
And beyond these challenges, what viewers want out of
TV audio also differs from person to person, and from
programme to programme. The perfect football sound
for one viewer may be a loud stadium sound (to feel like
they are there, immersed in the crowd), for another
viewer this may mean they cannot hear the commentary.

It is clear that the only TV sound which will make
everyone happy has to be customisable for everyone.
Research into the ability to personalise TV sound has
been ongoing at the University of Salford and BBC R&D
for more than a decade. This project aims to take the
promising outputs from this research and trial their
feasibility in a real production for a large audience.

The technology

Object-based media presents a potential way to
accommodate this variability. Speciﬁcally, next generation
audio (NGA) codecs like AC-4 and MPEG-H allow producers
to create and deliver content which allows the end user to
alter the reproduction level of individual audio objects.
However, in a single television show there are often
hundreds, if not thousands of separate audio clips —
controlling them all would not make sitting down to
watch TV an accessible, or relaxing, experience.
This presents the challenge: which objects should be
personalisable, and by how much to strike the tricky
balance between end-user control with ease of use.
Research with both target users and production staff
led to the development of the ‘narrative importance’

Main image:
Next generation
audio (NGA)
codecs like AC-4
and MPEG-H allow
producers to create
and deliver content
which allows the
end user to alter
the reproduction
level of individual
audio objects
Below: Figure 1:
BBC Roath Lock
Dubbing Theatre;
assigning narrative
importance
metadata
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approach. Under this approach, sounds in a particular
mix are ranked by the producer based on their ‘narrative
importance’ (how crucial they are to telling the story).
Dialogue is essential and always ranked at the top.
How the remaining elements are ranked by the
producers depends on the content and how they ﬁt into
that content’s narrative.
For example, in the Casualty episode, there are multiple
sound effects of cardiac monitors; but their importance
depends on the action. A monitor beep included to give
hospital ambience is low importance and can be reduced
in volume without affecting the narrative. A heart monitor
indicating a character is going into cardiac arrest,
however, is high importance and is always retained in the
mix, to ensure the context of the dialogue is maintained.
This narrative importance meta-data is linked to a single
slider for the end user to control. At one end of this slider
is the full broadcast mix, with all objects reproduced at
their original volume (in A&E Audio, this end of the slider
has the TV mix). Then, as the slider is taken to the
accessible end, essential sounds are increased in volume
(dialogue), low importance sounds are attenuated and
important non-speech sounds remain the same.
Working with the post production team from Casualty,
the narrative importance meta-data was generated for a
whole episode. To complement this, BBC R&D
developed a version of their media player with the
additional slider control. Shortly after the terrestrial
transmission of the Casualty episode, audiences could
view the narrative importance version of the trial on the
BBC Taster website.

Who participated?

The BBC Taster website allowed audiences to not only
view the episode, but also give feedback on it.
6,228 unique individuals participated in the trial over
13 weeks; of these, 273 completed an additional
feedback survey.

D/deaf

18

Hard of Hearing

Neither

Close to half of survey respondents identiﬁed as being
D/deaf or hard of hearing. The vast majority of
respondents were over 55 years of age.
The majority of respondents watched at home, with
67.1% viewing on mobile and 20.4% on desktop.

Above: Figure 2:
BBC Media Player
with narrative
importance slider
(highlighted in pink)

Feedback

• The trial was rated 3.6/5 stars;
• 83.6% reported that the audio control made
a difference;
• 73.7% reported that it made the content more
enjoyable or easier to understand;
• 92.5% wanted to see the BBC do more work like this.
This was an incredibly positive response and feedback on
social media and in the national press was also very positive.

Hearing loss affects one in six people in the UK. When watching TV,
hearing loss can not only cause sounds to be quieter, but can often
cause speech to become jumbled and unintelligible, particularly when
there are many other competing sounds.

Under 34

35-34

46-54

55+
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Linear broadcasting

Audio and vision are
transmitted to the end-user as
a premixed stream, including
terrestrial broadcast and most
current Video on Demand
services.

Object-based
Broadcasting
(including NGA)

Audio and vision start as
multiple separate objects and
are transmitted with attached
metadata instructing how the
objects should be rendered.
At point of service the
end-users can control the
rendering of these objects to
personalise their experience.

Audio mix can be can be
personalised to suit different
audience demographics

In particular, younger listeners, under 34 years of age,
rated the trial highly (being signiﬁcantly more likely to
give it ﬁve stars).
This suggests that while the technology was
developed with the needs of hard of hearing and
older listeners in mind, it is not likely to detract from
the viewing experience for younger listeners.
Furthermore, it suggests the ability to personalise
the audio mix is desirable across audience
demographics.

Where next?

With next generation audio codecs becoming
increasingly mainstream, understanding how best to
deliver personalisation to audiences is vital. BBC R&D is
continuing production trials of this technology as well as
conducting in-depth user experience studies.
There are still a lot of unanswered questions about
how the next generation of broadcast audio will be
implemented. But we can be pretty sure, whatever it looks
like, it’s going to sound different for every one of us.

The perfect football sound for one viewer may
be a loud stadium sound, for another viewer this
may mean they cannot hear the commentary
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With over 15
years in acoustics,
we’re all ears.
Penguin Recruitment is a multi-disciplined Engineering
and Environmental Recruitment Consultancy established
in 2004. We offer nationwide and international job
opportunities for industry professionals working in or closely
to the acoustics discipline.
With extensive knowledge the Acoustics Industry, we are proud to offer
an energetic can-do approach whilst providing a friendly, professional and
knowledgeable service at all times.
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SPECIALIST SKILLS SECTORS
INCLUDE:

As well as Acoustic Consultancy, we also place into the
following types of roles:

n Environmental Noise

n Acoustical Engineer

n Building and Architectural Acoustics
n Industrial Noise and Vibration

n Noise and Vibration Design Specialist
n Project Engineer
n Product Manager

n Research and Development

n Speaker Design Engineer

n Instrumentation and Measurement Design

n CAD Technician

n Business Development and Sales

n Noise, Vibration and Harshness Engineer

n Calibration and Testing

n Environmental Planner

n Quality Assurance and Technical Management
n Audio Visual and Electro-Acoustics
n Noise Control and Product Design

n Architects
n Air Quality Consultants
n Building Compliance Tester
n Account Manager and Business Development Executive

n Vibration and Stress Dynamics

n Technical Support Engineer

n Noise, Vibration and Harshness testing

n Calibration Technician

For more information on our most recent job
opportunities or details about how we can help
you ﬁnd the staff to expand your business. Please
contact Amir Gharaati on 01792 365000, or email
amir.gharaati@penguinrecruitment.co.uk

Untitled-3 2

www.penguinrecruitment.co.uk

13/08/2020 14:13:51

TeenTech

Innovation Day at Home
Vicky Stewart, acoustician, National STEM Coordinator and IOA
Council member, reports on the TeenTech Innovation Day session she
presented with Nikhil Mistry during lockdown.
TeenTech is a charity founded in 2008 by
Maggie Philbin and Chris Dodson to help students
see the wide range of career possibilities within
science, technology and engineering.
Their programmes are structured to guide students
through key academic choices with a coherent structure
of age appropriate interventions and continued
opportunities to gain experience, knowledge and skills.
Over the past 10 years they have been running
‘TeenTech Innovation Days’ which traditionally involve
young people visiting a place of work where they can
take part in challenges set by technology and
engineering companies.
When young people began homeschooling
due to the pandemic, TeenTech responded with a
comprehensive ‘TeenTech Innovation Days at
Home’ programme, where students aged 11-18
could connect virtually with industry experts.

Right: Alex’s
solution to his noisy
school sports hall

Setting a challenge

The presentation
included a showing
of the IOA careers
video https://www.
ioa.org.uk/careers/
acoustics-soundcareer-2019)

On 1st July, Nikhil Mistry, from the University of
Southampton, and I delivered a virtual TeenTech
Innovation Day at Home session on acoustics. Through a
live video link, we talked about the science of acoustics
and the reasons why sound is so important to all our lives.
During the session we set a challenge for
the students to document sound around
their home and design something that
would make a situation, a place or a space
sound better, to be submitted prior to a live
feedback session that would take place two
days later.
We received the submissions and were
blown away by the amount of work that had
gone into their ideas. A selection of their
ideas follows below:
• Alex noticed that there were unwanted
sound reﬂections in his school sports hall
due to the hard surfaces on the ﬂoor, walls
and ceiling. He also noticed that when it
rained on the corrugated metal roof it
could be very noisy. His idea was to reduce
the amount of reverberation in the hall
using acoustic panels and he suggested
also adding a solid material to the
underside of the corrugated metal roof.
• Tiffany undertook a soundscaping
exercise in her home and rated the
sound in different areas of her house
22
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and garden during two different time periods; noting
whether the sounds were pleasant or annoying, and
whether she could relax or concentrate in those
spaces. Following this, she had the idea for a large
music proof ‘jigsaw’, that could be used when people
are playing musical instruments in their home. These
colourful and versatile panels could be placed on a wall
to reduce the sound from one room to another when
needed, but when not in use could be used as seating.
• Annabelle’s idea was to use sound to determine
whether there is pollution near a beach or any unsafe
currents. Her emergency beacon could alert beach
users and the RNLI of unsafe conditions, as well as
sounding alarms to deter sharks and jellyﬁsh.
The very positive feedback from the students included:
“I have enjoyed this week so much. I learnt so much
about sound and it was an incredible opportunity!”
“I have enjoyed carrying out research on sound,
coming up with ideas and learning about what
acoustics is.”
“It was very interesting and I really enjoyed the
sound observation exercise.”
“I have enjoyed learning about a new sector of
engineering that I was not previously aware of.”

TeenTech support

TeenTech is continuing to run some amazing virtual
sessions and I recommend having a look at their website
if you have (or know) any kids that might be interested.
https://www.TeenTech.com/TeenTech-at-home/
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Innovation in
soundscape:

Acousticians and ecologists work together
to improve our environment
As urban areas grow and become more densely populated, innovation
is a key factor required to meet the associated design challenges.
Among these, is the design of our urban sound environment,
to achieve the best beneﬁts for humans and for wildlife.
By Dan Pope
Reducing noise in general terms beneﬁts both,
and innovative approaches to mitigation, which
often develop through a multi-disciplinary approach,
can increase beneﬁts and reduce costs to clients and
to our environment.
The human impact on the acoustic environment is
increasing and the EU estimates that half of its urban
citizens suffer from excessive noise¹. If left unchecked,
this will increase as our urban spaces grow. The Global
Health Observatory² stated in 2010 that more than 50% of
the world’s population now lives in cities and it predicted
that this proportion will reach 75% by 2050. This rapid
urbanisation and associated noise not only impacts
people but also the wildlife and ecological networks upon
which we depend. We must think about this when we plan
and design urban development, consider where wildlife
can help us to create a better acoustic environment and
also where we can improve their habitats.

Tranquility

Noise in built up areas is almost always dominated by
motorised transport, be it road, rail or aircraft, and in
cities, road noise is usually the most pervasive. In rural
areas, aircraft noise affects places that are isolated even
from any ﬁxed transport infrastructure.
The European Noise Directive³ requires member
states to identify and protect areas of tranquility; the UK
has outlined guidance on tranquility identiﬁcation in the
National Planning Policy Framework: Planning Policy
Guidance: Noise Guidance⁴, stating:
‘For an area to justify being protected for its tranquility,
it is likely to be relatively undisturbed by noise from
human sources that undermine the intrinsic character of
the area. It may, for example, provide a sense of peace
and quiet or a positive soundscape where natural sounds
such as birdsong or ﬂowing water are more prominent
than background noise, e.g. from transport.’
Consideration may be given to how existing areas of
tranquility could be further enhanced through speciﬁc
24

improvements in soundscape, landscape design (e.g.
through the provision of green infrastructure) and/or access.
We are yet to see how this plays out in practice.
For example, EIA requirements for acoustic reports
are still very much focused on human receptors.

The impact of noise

‘Noise’ is generally deﬁned as unwanted sound. As one
person’s music is another person’s noise, it has been too
easy in the past to assess overall sound pressure levels
when assessing noise without distinguishing whether
sources may be part of the natural environment or not
(although the focus is usually on identifying and
quantifying man-made sources).
Natural sounds are often regarded as beneﬁcial
to humans. Sound-based aids to sleep often
focus on ocean waves, rain, whale song and so on.
We equate hearing wildlife with being in a safe and
comfortable environment.
Christopher Zevitas, Jonathan Cybulski and Eileen
McNeely published a paper⁵ at the 2012 Internoise
conference ‘exploring the health beneﬁts of natural
sounds through a comprehensive program based on
objective, physiological outcomes. Rooted in wellestablished methodology common to environmental
health and clinical research.’
One of their proposals was to ‘build a comprehensive
evidence base to support public policy decisions directly
related to the management of soundscapes in national
parks, and indirectly related to health care services,
child services, recreational and physical education,
sustainable ageing, urban planning, transportation,
air traffic management, and environmental health’.
This research is welcomed.

How nature innovates

Studies on city noise impacts on wildlife communication
have shown that bird species have had to adapt their
calls in order to make them heard in urban locations.
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For example, Slabbekoorn & Peet’s 2003 paper in
Nature, Birds sing at a higher pitch in urban noise⁶,
showed how, to attract a mate above the rumble
of traffic, great tits (Parus major) are singing at a
higher pitch.
For construction and pipeline projects close to wading
bird habitats, assessments have established noise levels
at which birds are unaffected, levels that are likely to
cause display ‘heads-up’ anxiety, and noise levels that
will cause a ﬂight response.

Soundscape

The term ‘soundscape’ came into use following
Canadian composer, writer and environmentalist,
R. Murray Schafer’s 1977 book, Tuning the World⁷
(republished as The Soundscape in 1994). Schafer
established The World Soundscape Project as an
educational and research group at Simon Fraser
University, in British Columbia, to draw attention to the
sonic environment through a course on noise pollution,
later evolving to form a more positive celebration of ‘the
music of the environment’.
Among the ideas in the book, the study of
‘soundmarks’ is an important emerging ﬁeld. Deﬁned as
a sound that is unique to a place or an identiﬁer of its

Above:
All images
©Dan Pope and
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his permission

character, this will often include natural and ecological
sounds as identiﬁers of place.
These ideas are now being adopted within guidance
documents and standards. For example, BS ISO 12913
sets out how soundscape should be assessed, in
three parts:
• Part 1: Deﬁnition and conceptual framework (2014);
• Part 2: Data collection and reporting requirements
(2018); and
• Part 3: Data analysis (2019).
A large body of work by Greg Watts and Robert
Pheasant⁸ has studied (and continues to study)
‘tranquility’ and ‘greening’ of the environment and
develops tools to do so. This includes the development
of a measurable tranquility index, to augment the
acoustic indices already assessed. The requirement to
protect tranquil areas is now recognised in the National
Planning Policy Framework.
In the face of rapid urban change and growth,
innovation and creative design of our acoustic
environment, for humans and for wildlife, will be crucial
to our wellbeing. Reduction of noise beneﬁts both
humans and wildlife, and the growing ﬁeld of innovative
approaches to the design of our acoustic environment
will ensure more sustainable solutions are found.
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Innovations in
acoustic design for
stadia and arenas
By Olly Creedy, Associate Director, Vanguardia

Multi-purpose venues

While arenas tend to be smaller than stadia and are
often covered, the deﬁnition is neither universal nor
critical – the topic is essentially acoustic design for
very large, full or partial enclosures. The clarity of
sound reaching the ears of the many thousands of
people occupying the space is dependent on sound
sources, their positioning and the architectural design
of the structure. Important acoustic parameters
include reverberation time, direction and reﬂection
distance of sound waves.
Modern arenas are invariably required to be usable for
both sports and music events. Venues designed
primarily for sports may need to host music concerts and
vice versa. Irrespective of the use, the acoustic design
must ensure safety broadcasts are clear and distortion
free in all public and working areas throughout the
structure. They can rarely be designed to achieve a
speciﬁc single acoustic environment.
In the early days, the overall acoustic performance of
a building was inherently dictated by the architectural
design of the space and was dependent on the physical
shape and volume. Good sounding venues relied on
useful early reﬂections and reducing any late reﬂections
into the audience.

Get the architecture right in the ﬁrst place

In the design of multi-purpose modern arenas and stadia
the same principles still apply, but the acoustic architecture
and choice of materials require substantially more detailed

26

Below: During
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consideration. Getting the architecture right in the ﬁrst
place means that complex and costly acoustic treatment is
not required to ‘ﬁx’ the venue for the proposed event.
Nevertheless, some compromise is inevitable, but it must
not detract from the quality of the crowd’s experience.
Sports events require longer reverberation time than
music venues to create the stimulating atmosphere, but
excessive reverberation time that would be detrimental to
concert performances must be avoided. A well-designed
arena will provide a good balance across the reverberation
range; however, the overall reverberation time is not
necessarily the most important acoustic parameter and the
importance of minimising long reﬂections should be the
primary concern.
The use of hard reﬂective materials can be used to
direct sound in the required direction, and soft absorbent
materials are used to minimise reﬂections and reduce the
overall reverberation time. Surfaces where ﬁrst order
reﬂections (the ﬁrst direct reﬂection off a surface) are
directed into the audience should be avoided and this
can often be optimised through the architectural design of
the lower bowl, where long delayed reﬂections are more
detrimental to the sound quality in comparison to the
overall reverberation time for concert sound.

Tottenham Hotspur Stadium design

When designing a stadium that is to be used for both
sports and music concerts, a balance between the acoustic
absorption (often provided in the roof) and the speech
intelligibility needs to be established. As a minimum,
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Figure 1

Figure 2

stadia are required to satisfy the intelligibility requirements
for life-safety, and this is a good starting point for the
design. During the design of the Tottenham Hotspur
Stadium, a study was carried out to ﬁnd the perfect
balance between intelligibility and atmosphere and to
determine the placement of the absorption locations to
ensure crowd connection between the stands and the
players. The absorption location must also ensure that
the strong reﬂections excited by the crowd are not
damaging to music quality during concerts.
By maximising the reﬂective area for the crowds and
the placement of absorption to minimise strong reﬂections
from concerts, the optimum acoustic experience can be
achieved for both sports and concert events.
The images below show an example of how the
roof area can be used to provide an acoustically
reﬂective area for the crowd noise while still providing
absorption off the back wall from concert sound.

Reducing the carbon footprint

Since the deployment of the ﬁrst line array systems
in the early 90s the audio equipment space required in
trucks has signiﬁcantly reduced, and with modern
high-density ampliﬁers the required rack space footprint
has also fallen. Engineers are rarely touring with large
solid-state logic (SSL) desks; these have been largely
replaced by more convenient digital mixing consoles.
The overall truck space has signiﬁcantly reduced, with
sound system and supporting hardware now taking up
only a small proportion of the overall touring equipment.
By encouraging artists to make use of in-house
systems and encouraging venues to provide suitable
sound systems for touring artists, the quantity of sound
equipment being transported can be further reduced.
A doubling of ampliﬁer power is required to provide
a 3dB increase in sound pressure level and, therefore,
the sensitivity of a loudspeaker can have a signiﬁcant
effect on the ampliﬁer power required to produce the
required sound pressure levels. Use of high sensitivity

loudspeakers and efficient ampliﬁers can reduce the
impact on the audio power requirements.
Although there are signiﬁcant advantages in using
digital signal processing (DSP) to implement ﬁnite impulse
response (FIR) ﬁltering to optimise audience coverage,
a careful balance is required to control the impact on
sound pressure level for a given power output.
A signiﬁcant amount of ampliﬁcation is required for low
frequency elements and the venue design can inﬂuence
the amount of sub-bass required. Venues which have very
short low-frequency reverberation times typically require
increased low frequency energy to provide a suitable
pressure level to all the audience seats.

Above top:
Figure 1: Maximising
reﬂective area
from crowd noise
(red shows area of
absorption, blue
shows acoustically
reﬂective surface)
Above bottom:
Figure 2:
Absorption from
end stage concert
(red shows area of
absorption, blue
shows acoustically
reﬂective surface)

Advances in sound systems and design

Advances in prediction software allow the designer to
understand, assess and create more effective acoustic
space designs with increased conﬁdence.
The intelligibility of a sound source depends on the
direct to reverberant ratio and the background noise.
Modern sound systems with increased directivity and
minimising off axis response allow design of increasingly
reverberant spaces with comparable intelligibility. This is
because the reverberant content of the sound source is
less, hence increasing the direct to reverberant ratio.
Thus, for multipurpose venues longer reverberation
times can be allowed to create a sporting atmosphere.
With the advancement of new technology, through
improved directivities, immersive audio systems and
array processing, it becomes increasingly important to
understand the interaction of the venue and the sound
system. All music venues have limitations on the
placement of loudspeakers to ensure the optimum sound
quality and relying on these technologies alone often
relies on permanently installed sound systems to ensure
the appropriate integration. With venues designed for
touring systems, ﬂexible solutions need to be provided.
It is seldom the case that large venues can be designed
in conjunction with a single sound system design.
IOA INNOVATIONS IN ACOUSTICS
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The role of acoustics in

society, economy
and environment

This article is based on the UK Acoustics: Sound economics report¹
that was produced by the EPSRC-sponsored Acoustics Network
and the Institute of Acoustics.
The UK acoustics industry is dominated by
small companies:
• 98% of UK acoustics businesses would be considered
SMEs and each of these businesses employs fewer than
250 people as a whole or within the proportion
dedicated to acoustics;
• 75% of UK acoustics operations are ‘micro’, employing
no more than 10 people; and
• 7% of medium and large companies from this list generate
over 80% of acoustics revenues, suggesting that there is a
greater efficiency within larger organisations.

Acoustics is deﬁned as a discipline which is to do
with the generation, manipulation, control, transmission
and detection of sound and vibration. Acoustics
encompasses diverse and far-ranging applications,
such as:
• suppressing unwanted noise and vibration in the built
environment and on transport;
• reproducing music and positive soundscapes;
• using audible soundwaves and ultrasonics in
non-destructive testing and imaging in ﬂuids,
gases and elastic solids;
• medical ultrasonics; and
• emerging applications such as speech and voice
recognition and ultrahaptics technology.
Figure 1 illustrates schematically the breadth of
acoustics and its applications. It also provides
information on the range of acoustic frequencies
and wavelengths, which are required for various
applications of acoustics.
The acoustics industry contributes £4.6bn annually to
the UK’s economy. It employs more than 16,000 people,
each generating over £65,000 in gross value added
across around 750 companies nationwide¹.

Acoustic waves and applications
Metres

Below: Figure 1:
Acoustic waves and
applications: breath,
frequencies and
wavelengths

Everything vibrates and makes sound, from
living cells in the human body to skyscrapers.
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The Institute of Acoustics (IOA) which has 3,000+
members, (www.ioa.org.uk) is a key organisation in
the UK, that unites professionals working in acoustics.
The Association of Noise consultants (ANC)
https://www.association-of-noise-consultants.co.uk/),
the Physical Acoustics Group at the Institute of Physics
(http://www.iop.org/activity/groups/subject/pa/), the
Institution of Mechanical Engineers (www.imeche.org) and
the Audio Engineering Society (http://www.aes.org/) also
unite a large number of professionals who work in the areas
of noise control, acoustic wave propagation, non-destructive
testing and evaluation and audio engineering.
These organisations bring together various professional
and research ﬁelds in acoustics with the highly diverse
user base, to facilitate sharing of knowledge and best
practice to maximise opportunities for commercially
exploiting innovation.
The EPSRC-funded UK Acoustics Network,
(www.acoustics.ac.uk) has almost 900 members,
and brings together members from a wide range of
professional bodies and supports the development
and integration of the UK acoustics knowledge base.

10 9

Innovation in acoustics is a key to industry success. The
acoustics industry in the UK is underpinned by a vibrant
knowledge base with over 150 research grants worth in
excess of £160 million from the UK’s Research and Innovation
(UKRI) (https://www.ukri.org/). UKRI is an umbrella
organisation for the seven Research Councils in the UK:
• Arts and Humanities Research Council (AHRC);
• Biotechnology and Biological Sciences Research
Council (BBSRC);
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• Engineering and Physical Sciences Research
Council (EPSRC);
• Innovate UK;
• Medical Research Council (MRC);
• Natural Environment Research Council (NERC); and
• Science and Technology Facilities Council (STFC).

Vibration
6%

These Councils fund research and innovation in
acoustics and this research reﬂects the multi-disciplinary
environment in which acoustics operates, from social and
health to engineering sciences.
Figure 2 illustrates how this research funding is split
between major areas of acoustics. Detailed information on
the current level of funding for research in acoustics can be
found here https://acoustics.ac.uk/resources/list-ofrunning-ukri-grants-related-to-acoustics-per-may-2019/.
In terms of research grants (3% of UKRI total (£5.4bn))
acoustics punches above its weight, because it only
accounts for approximately 0.6% of the whole UK
manufacturing sector, both in terms of numbers employed
and GVA contribution. This reﬂects the importance of
innovations in acoustics to the health of other areas of
science and engineering.
Acoustics industry and research feed into many major
global markets, including
• $10bn market for sound insulation materials in
construction;
• $7.6bn ultrasound equipment market; and
• $31bn market for voice recognition.
This is before the vital role of acoustics in automotive,
aerospace, marine and defence is taken into
consideration, all major UK industries which leverage
acoustics expertise, or the indirect environmental and
societal value is considered.

Four Grand Challenges

The four Grand Challenges identiﬁed in the 2017
UK Industrial Strategy require acoustics innovation.
The Industrial Strategy Challenge Fund (ISCF)
https://www.ukri.org/innovation/industrial-strategychallenge-fund/) focuses on areas which need support
from acoustics as an enabling technology. Figure 3
(on page 30) illustrates the four Grand Challenges
and lists areas of acoustics which contribute to these
Challenges directly.

Left: Figure 2:
Distribution of
research funding
between different
areas of acoustics
by keywords
(May 2019)
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Audio and speech 29%

Vibration 6%

Countless examples are emerging to demonstrate the
central role of acoustics in addressing the four Grand
Challenges. Some of these examples are:
• active voice-control generated signiﬁcant interest
at the 2019 Consumer Electronics Show in Las
Vegas. This innovation enables people of all ages
to access technology, whether for convenience or
for necessity, supporting everything from community
care to entertainment;
• noise has a signiﬁcant impact on mental health
and individual wellbeing. Managing sound will be
central to the design and construction of future cities,
improving health and productivity despite increasing
city densities;
• ultrasonic non-destructive testing is used increasingly
in productive digital manufacturing, helping to avoid
compromises to quality and safety;
• sound and vibration management is an integral part of
mobility, whether by air, land or sea. Enhancing the
travel experience whilst minimising the impact on
people, wildlife and the environment relies on passive
and active acoustics;

P30
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• voice recognition is already the most widespread use
of artiﬁcially intelligent machine learning; and
• acoustics is essential to defence and security, providing
new methods and tools which serve both to enable
monitoring and detection whilst also facilitating
remaining covert.
Because acoustics is a multi-disciplinary, global industry
and it is a key element of vertical markets, the proportion
of acoustics-related activity within each of these area is
signiﬁcant in itself, but when combined across these
various industries the market opportunity seems vast.
Acoustics is also a global industry that contributes
signiﬁcantly towards the global end-product market.
As an example, the market for acoustics materials
includes products such as sound insulation used in
new-build construction and the automotive industry.
Its value is estimated at $10bn in 2016 and it is projected
to grow to $16bn by 2025.
UK manufacturers include companies producing
traditional sound-absorbing materials as well as those
making next-generation soundprooﬁng meta materials.
The ultrasonic equipment market is important for
healthcare and manufacturing and is reported to be worth
$7.6bn (2017), growing at an annual rate of 7.6%.
The speech and voice recognition market has grown
rapidly in recent years and is forecast to continue
expanding with voice control used increasingly in cars
and consumer electronics. This market has emerged from
a powerful combination of acoustics and artiﬁcial
intelligence and/or machine learning.
The upsurge in incorporating far-ﬁeld microphones,
essential for voice recognition, into all manner of items, from

televisions to cars, emerged as a dominant theme from the
2019 Consumer Electronics Show (https://www.ces.tech/).
As a result, 17% year-on-year growth is forecast for the voice
recognition market, which is expected to expand from the
$9bn in 2017 to $31bn by 2025.
Demand for these key acoustics end-product markets is
distributed throughout the Asia Paciﬁc, North America and
Europe regions. Indeed, the close association between
these three application areas, materials, ultrasonic
equipment and voice recognition, and major global trends
in urbanisation, ageing, digitisation and mobility is driving
demand for acoustics in all world markets.
Another key market for acoustics is in quality building
design and architecture. Many of such services are delivered
internationally, either by companies operating as independent
acoustic consultancy ﬁrms or by units embedded within much
larger buildings, construction and architecture practices.
In summary, acoustics has been a ‘hidden’ industry.
However, the data presented in the recent report:
UK Acoustics: Sound Economics¹ suggest that acoustics
is heard above noise to inform policy, support agencies,
researchers, career decisions and wider industry in the UK.
The direct economic value of acoustics is highly
signiﬁcant. Its contribution leveraged from products which
harness sound and vibration is massive. Fostering further
development of education, skills and research and
innovation within the acoustics industry is vital to the
continued growth of the whole UK economy and keeping
it competitive globally.
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Noise control in
smart cities

In this article, Dan Pope describes how sound sensing in urban
areas will help to design cities that allow inhabitants to enjoy
themselves without disturbing the neighbours.
A smart city is one where traditional networks and services are made
more efficient with the use of digital and telecommunication technologies
for the beneﬁt of inhabitants and business.
It goes beyond the use of information and communication technologies
(ICT) for better resource use and lower emissions. It means smarter urban
transport networks, upgraded water supply and waste disposal and more
efficient ways to light and heat buildings. It also means a more interactive
and responsive city administration, safer public spaces and meeting the
needs of an ageing population.
Technological development in noise sensing is opening up new
opportunities in noise control. Equipment that runs for longer and that
reports live spectral noise data to either private or public websites, or are
routinely built into infrastructure are becoming more widespread.
Whereas in working memory, noise surveys were almost always fully
attended by trained staff, it is now normal to leave logging equipment
in the ﬁeld and analyse results later, or from live data streams.
Many construction sites now use live monitoring of noise and vibration
with data made available to the site team and to the local authority, so any
exceedance of limits is immediately ﬂagged and dealt with.

Monitoring the urban environment

Smart city infrastructure opens up new possibilities, where microphones
embedded in street furniture, such as lampposts, can be used to help
monitor the urban environment. For example, the Shot Spotter system,
which is well adopted across the US and elsewhere, is designed to
identify and triangulate gun ﬁre noise and alert the local police force.

Obviously, placement of microphones all around a city
has to be balanced carefully with privacy issues and civil
rights. Current research at New York University is trialling
a system where audio source identiﬁcation is built into
the receiver and no audio data is stored. This allows
noise level data and the system’s analysis on the type
of source – such as human, traffic, wildlife, construction,
or music – is passed on to the mapping system.

Traffic data

In the UK, the Department for Transport is currently
trailing a system to identify excessively noisy modiﬁed
vehicles and combining it with Automated Number Plate
Recognition (ANPR) systems to allow issuing of penalty
notices to anti-social drivers.
There are numerous other applications to which this
type of technology could be applied. These include
monitoring of industrial noise, entertainment noise from
pubs and clubs, antisocial behaviour in public spaces
(although this would, of course, be limited to alerting the
police rather than issuing ﬁnes, there are no plans to go
full techno-dystopia yet). Data from transport noise could
be used to identify traffic hotspots and help route
planning apps avoid congested areas, with potential
improvements in journey times, noise exposure and air
quality all tied in together.
How noise in cities plays out over the coming years
depends on many factors and will appear differently
in different locations. How urban spaces are planned,
connected and used will impact how people live,
work and play in them. A well designed city allows
its inhabitants to enjoy themselves without disturbing
their neighbours and sound sensing is just one of the
technologies that feeds into this.

For further reading:

Data from transport noise could be used
to identify traffic hotspots and help route
planning apps avoid congested areas

Future development scenarios and an evolving
toolkit for city acoustics is discussed in the
paper ‘The Future Sound of Cities’ by Dan Pope,
Adam Lawrence and Inan Ekici. It has been
published as part of the ‘Invisible Places,
Sounding Cities’ conference 2012 and in
the Institute of Acoustics 40th Anniversary
Conference proceedings.
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The Alaskan
Soundscape

When a large infrastructure project was proposed very close to a rural
Alaskan National park, Christopher J. Kaiser, Senior Acoustics & Noise
Control Specialist at AECOM and his team, undertook a baseline noise
analysis to assess the existing acoustical conditions of the wilderness
and the potential impact of the new development.
By Christopher J. Kaiser
It grew uncomfortably warm in the cockpit as we
peered down into the dense brush of the Alaskan
taiga, hovering above the coordinates of our sound
monitoring deployment placed there the week before.
The search for the suitcase-sized Pelican box and black
tripod, complete with a gleaming-white weather
transmitter was taking much longer than my other
deployments; in fact, it took several minutes of circling
before the pilot ﬁnally spotted the tripod below us,
toppled over in defeat.
I had secured the tripod to the ground with taut
guy-wires designed to withstand environmental factors, so
the tripod’s new orientation could have only been caused
by one thing – wildlife intervention.
Feet on the ground, we approached the site with a
healthy dose of curiosity and caution. The fallen tripod
was only the start though — chunks of the microphone’s
spongy windscreen were scattered about the site and
circuit-board entrails, once housed inside the metal
preampliﬁer, were spilling out where a cable once led.
Drawing from my discussions with the United States
National Park Service (NPS) staff ahead of our survey, this
mauling could only be performed by a bear. Thankfully, I
was paired up with a bear guard, an Alaskan survival
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specialist armed with a shotgun positioned behind me
and continuously scanning the perimeter.
I decommissioned what was left of the monitoring station
and safely left the site with the deployment’s silver-lining
audio recording of an ‘intimate engagement’.

What the wilderness sounds like

In 2013, our small acoustical team was tasked with
conducting a baseline noise analysis for a proposed
large infrastructure project in a rural Alaskan wilderness.
On account of its close proximity to a national park,
it was decided that a baseline noise analysis on par
with the requirements of the NPS ‘Soundscape
Management’ programme would serve a great beneﬁt
to understanding existing acoustical conditions of
the wilderness and allow for better analysis of
potential impacts.
Founded in 2007, the Natural Sounds and Night Skies
Division (NSNSD) of the NPS researches, monitors, and
educates the public on the effects of sound and light on
ecological processes and visitor experiences throughout
the approximately 344,190² kilometre US National Park
Service system. Roughly 168,000² kilometres of this area
are located wholly within Alaska.
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The detail of data collected and analysed in an
NPS soundscape is of extraordinary proportions.
The survey approach entails recording continuous audio,
meteorological data, and one second interval, one third
octave band centre frequency sound pressure levels for
several weeks at a time across the seasons. Each
soundscape monitoring sampling point collects many
data points on the acoustic character of the studied area,
and that is where the fun begins!
By sifting through the hundreds of thousands of data
points and gigabytes of audio ﬁles, and utilising
spectrogram tools on those data, analysis teams can
identify what noise sources were present during the
month-long monitoring period.
Though sounds like the vocalisation of a Willow
Ptarmigan are unequivocal, others require a keen ear, such
as determining the source of a distant rumble that could be
generated by distant thunder, the distant backﬁre of a car
engine, or a sonic boom from jets at a nearby military base.
But the analysis doesn’t stop there. Sound sources
identiﬁed during each one second interval are summed
across the month-long measurement period to determine
how long, during each 24-hour period, each sound source
is present. Researchers then quantify the minutes per day,
percent of time per day, and the number of occurrences
that something like an aircraft ﬂies past the site.

Effects of noise on wildlife

The intention of this microscopic analysis of the ambient
acoustic environment is to allow the NPS to identify a
representative month-long snapshot of current acoustic
contributions from sound sources within and around their
parks. The acoustical monitoring report of the soundscape
study breaks down these sources into two key families:
• anthropogenic sources, such as vehicle traffic or the
sounding of a train whistle, and;
• natural/physical sounds, such as river rapids, rain
showers, or bird calls.
The NSNSD’s goal is to manage the former and
preserve and/or restore the latter.
Noise from anthropogenic sources is becoming an
increasing concern. Between 2014 and 2018 alone, total
recorded passenger trips serviced by airplanes has
increased by roughly one billion. Similarly, lands and
resources managed by NPS reached their all-time high for
visitors in 2016, which has likely resulted in an increase in
noise from vehicle traffic and visitor speech. The key

Above left:
The toppled tripod
Above right:
Wildlife sabotage

concerns with increased anthropogenic noise primarily
revolve around the ecological impacts and effects of
noise on park visitors.
Effects of noise on wildlife can cause a broad range of
adverse effects, including, but not limited to:
• inhibiting communication;
• masking of sounds that would otherwise alert an animal
to predators;
• inhibiting mating activities, and
• the avoiding of ideal habitats on account of
unwanted noise.
More important to the longevity of the park preservation
and funding is the management and maintenance of the
visitor experience. With tens of millions of people visiting
NPS sites each year, the NSNSD is keen to preserve and
emphasise the unadulterated, natural acoustic
environment that visitors seek.

Managing increased in man-made noise

My experience in mimicking the NSNSD soundscape
survey and reporting methodology included nine,
week-long sound monitoring systems deployed in unison,
and replicated for all four seasons. Though both tasks
posed plenty of logistical and technical challenges, the
intensity of the ﬁeldwork and data analysis fostered a
deep appreciation for the level of depth and detail
required by the NPS.
This level of detail may be vital in recognising and
reining in upward trends in man-made noise and ensuring
current and future generations of parkgoers enjoy the
same natural sound experience for decades to come
(even if it comes at the cost of a couple dismembered
sound level meters).
A soundscape is the acoustic environment as perceived by humans, in context. There is
a varied history of the use of soundscape depending on discipline, ranging from urban
design to wildlife ecology to computer science. An important distinction is to separate
soundscape from the broader acoustic environment. The acoustic environment is the
combination of all the acoustic resources, natural and artiﬁcial, within a given area as
modiﬁed by the environment.

Sources used in the article:

National Park System square km converted from square acres
National Park Service Land Resources Division, Summary of Acreage, https://www.nps.gov/
subjects/lwcf/upload/NPS-Acreage-12-31-2018.pdf
Aviation Figures for the ‘World’ dataset
The World Bank, Air transport passengers carried, https://data.worldbank.org/indicator/IS.AIR.
PSGR?view=map
Annual Recreation Numbers
National Park Service, Visitation Numbers, https://www.nps.gov/aboutus/visitation-numbers.htm
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Low noise
design
Sarah Haynes, ASL Consultancy Limited, reports on the IOA Noise
and Vibration Group and HSE joint meeting that was held recently
at the Royal Society, London, to promote the importance of
controlling noise of industrial plant and machinery at source.

Occupational noise has been subject to regulation in
the UK since 1989 (or 1974 in the woodworking
industry), with levels becoming more stringent since
the introduction of the 2005 Regulations. Despite this,
occupational noise has not received the same level of
attention as other aspects of acoustics such as
environmental noise or building standards.
Civil claims for noise-induced hearing loss have
escalated in recent years, comprising around 70% of
ill-health claims against Employers’ Compulsory Liability
Insurance. The costs of this are huge, with
British Insurers currently paying out about £70 million
per year in compensation. For people made deaf by
their work, they face problems of social isolation, often
the misery of living with tinnitus and a nine percent
increased risk of developing dementia. Noise-induced
hearing loss has a greater adverse inﬂuence on life
expectancy than obesity.
Traditionally, noise control has been achieved by
palliatives such as enclosures or hearing protection and
it is rare for noise surveys to make any other
recommendations (if they make any recommendations at
all). Enclosures can be expensive, often ineffective if
poorly designed and installed, normally require
additional ventilation and make maintenance difficult.
Hearing protection is not the answer because it is only
effective if worn fully and properly, it poses continuing
additional costs (which often run to thousands of pounds
per year) and requires constant management.

Engineering out noise

Reducing noise at source is often viewed as “too hard”.
Noise is rarely considered at the design stage although
this is the most cost-effective way to reduce it. Typically,
engineering out noise at this stage can bring other
beneﬁts such as increased efficiency and reduced
energy costs. Applying well designed retroﬁt solutions
can bring the same beneﬁts, but installation costs are far
higher. However, to achieve these beneﬁts, diagnosis of
the problem needs to be systematic; to identify and rank
all the signiﬁcant noise sources and then take action to
address the dominant one(s) − rather than acting on
instinct and being disappointed when the control
selected has no discernible effect.
34
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Legal requirements

Chris Steel from the HSE, outlined the problems that the
government regulator has with the low level of
awareness of established noise control measures and
the legal requirements on machinery manufacturers and
purchasers to consider noise control as part of the
design and purchasing process. Chris reiterated the
HSE’s aim to see the elimination of noise-induced
hearing loss as an occupational disease by 2030 and his
serious concern that this will not be achieved.
I gave an overview of my expert witness work in the
civil claims court, highlighting the common
misimpressions made by employers and the relative
ease with which successful claims can be made due to
poor levels of risk assessment and control, often
spanning decades. I highlighted the ongoing tolerance
for noise in the workplace where other 19th century
working practices have become unacceptable.
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Diagnosis of noise sources

Peter Wilson, of INVC, gave a masterclass in the
diagnosis of noise sources and the use of isolation,
damping and absorption techniques, all of which have
been around for a long time but are not always well
used. Peter described how the availability of smart
phones has revolutionised the diagnosis of noise
problems, with plant owners able to record footage for
diagnosis by a specialist working off-site (possibly not
even in the same country). Although they are not
calibrated, spectrum analysers, which were once large
and expensive, can now be found as a smart phone
app that allows noise sources to be identiﬁed and
ranked in importance.

Maintenance

However, smart phone apps and sound level meters
cannot do everything and Keith Gallant, of Reliable
Maintenance Solutions, demonstrated how the use of
motion ampliﬁcation cameras can be used as a powerful
tool in identifying maintenance issues and highlighting
vibration and noise problems (or to demonstrate to
senior management just why they need to make
improvements). Keith outlined how the assumption that
scheduled maintenance does not always guarantee
optimum machine performance and that the process of
measurement, be it noise or vibration, needs to be
undertaken with the purpose of diagnosing and
remedying a problem.

‘Silent’ demolition

Joel Vinsant, from the Drilling and Sawing Association,
described ‘silent’ demolition techniques of bursting and
concrete crushing, as well as the beneﬁts of using
diamond saw blades to cut through reinforced
concrete. This highlighted the beneﬁts of thinking
about process and methodology of working when
looking for noise control solutions. Joel demonstrated
how, in a relatively short time span, the techniques
used in the diamond cutting industry have moved from
unique practice to common and best practice.

Low noise air jet design

Compressed air noise is a continuing problem in
many industries and Colin Forbes, from Silvent, showed
how low noise air jet design not only controlled noise,
but reduced energy use and injury risk, with the cost
of many products taking just eight hours to recoup.

Colin discussed the difficulties in getting British industry
to adopt practices which are becoming commonplace
in Asia.

Vacuum generators

Julian Corcoran, of Piab, spoke about the latest
developments in the design of vacuum generators,
which rely on compressed air rather than on the use of
mechanical vacuum pumps. These systems are
signiﬁcantly smaller than traditional pumps and have
few, if any, moving parts. Julian provided examples of
the use of vacuum pumps in the cardboard industry
and in aviation, detailing signiﬁcant reductions in noise
risk at the operator position, accompanied by annual
savings associated with the ongoing running and
maintenance costs.

Above left:
Keith Gallant
showing motion
ampliﬁcation
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Above right:
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noise cancelling

Barriers and enclosures

Daniel Elford, of Sonobex, gave a compelling description
of the beneﬁts of metamaterials to produce robust,
low-maintenance barriers and enclosures. With
signiﬁcant beneﬁts in controlling low frequency noise
associated with electrical transformers, Daniel was able
to demonstrate practical examples of the systems being
used to reduce noise without the need for absorbent
inﬁlls and without the typical overheating issues that can
occur from the use of acoustic enclosures.

Active noise control

Malcolm Smith, of ISVR, concluded the session with a
description of recent developments in active noise control
and the beneﬁts of its use in combination with passive
noise control techniques to control residual low-frequency
noise. From headphones to vehicle design, Malcolm
outlined how active noise control has become an
established method of noise reduction in other sectors
and discussed the potential for its use in mobile plant and
machinery as well as industrial control rooms.

Conclusion

Time and again, speakers showed that changes made to
reduce noise also reduced energy use while increasing
machine efficiency, and a common theme for the day
was the potential for companies with a noise problem to
save money. There was a general sense of frustration at
how difficult it seems to be to persuade industry to adopt
methodologies which would be good for their
employees and good for business.
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Tranquillity in
home and garden
during lockdown?
By Greg Watts, Emeritus Professor of Environmental Acoustics in the
Faculty of Engineering and Informatics at Bradford University

Left: Greg Watts
Below: Tranquil
garden design
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Under lockdown most of us have been stuck at home
and has the experience been peaceful and tranquil?
Apart from the people in the house and our neighbours
what are the sources of noise that have annoyed us
most? Is it the traffic, planes, industrial noise, animal
sounds or garden equipment such as lawn mowers or
perhaps disturbance from next door’s DIY projects?
The trouble with controlling sound is that unlike light, it is
a pressure wave in air that readily diffracts around solid
objects and easily passes through porous obstacles such
as trees and shrubs. Of course, the wind and temperature
gradients in the atmosphere also affect transmission. This is
why we may hear the noise from a distant motorway if the
wind is blowing from that direction or think the motorway
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has moved to the bottom of the garden on a cold, still
morning when there is a temperature inversion (when there
are warmer layers of air above colder ones). In these cases,
the sound waves bend towards the ground such that
waves propagating skywards are refracted so they return
to the ground some distance away without being absorbed
by the ground or blocked by hills or buildings.
Another issue is that it is often the signal to noise ratio
that is important to noise perception. People living in a
quiet area may be seriously disturbed by the odd passing
vehicle because although the level of noise may not seem
unreasonably high, the increase in noise from a low
background level could produce a startle response.

How to alleviate the situation

Reducing noise at source is usually the best course of
action so we would like to reduce the number of noisy
vehicles passing our homes and gardens but unfortunately,
we rarely can control this. In the case of road traffic noise,
reducing the speed limit, imposing a lorry ban would help
as would a smoother road surface or better still, a surface
that absorbs sound e.g. porous asphalt.
A barrier such as a close boarded fence, earth mound
or wall close to the road should help but clearly it has to
be long enough and high enough to have much effect.
Much depends on where the house is in relation to the
road. The aim would be to position any barrier such that
the road is not in view from any exposed window or part
of the garden. If noise cannot be controlled over the
whole garden then consider making a tranquil zone in
part of the garden where you usually like to relax.
This might involve constructing a wall or fence around
part of the area to block the major source(s) of noise while
not forgetting the house itself can act as an effective barrier.
A water feature may also help to mask residual noise.
The more natural sounding the better and it shouldn’t
be too noisy as to be disturbing to you or neighbours
https://bradscholars.brad.ac.uk/handle/10454/11576
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been shown that the rated tranquillity of a place depends
on both the percentage of natural features (such as
greenery, rock, sand and water) in view and the level
of man-made noise (https://tinyurl.com/y5zae9g8). This
means that there is a trade-off such that if you cannot
control the noise, the perceived tranquillity improves if the
amount of greenery or water in view increases. (Worth
bearing in mind when creating a tranquil garden space.)

Indoor tranquillity

Inside the home some of the same principles apply.
Reducing noise may include installing double glazing to
single glazed windows or doors and adding a thicker
insulation layer in the loft to help control aircraft noise. If it
proves difficult to control noise in the bedroom then think
about changing rooms so that you sleep on the non-traffic
side of the house. Another option is to include pictures of
nature as wall art and, in fact, the bigger the better. It is
possible to signiﬁcantly improve rated tranquillity and
anxiety in a doctor’s waiting room by showing nature
scenes on the walls and by playing relaxing sea sounds
https://core.ac.uk/display/76945458?source=2
Finally, traffic levels were generally lower under
lockdown so most have enjoyed a measure of relief
from transport and entertainment noise. It would be
nice to think that the ‘new normal’ would include some
of these gains.

Seen and heard

Interestingly, our perception of tranquillity is shaped
not only by the sounds we hear but also what we see.
For example, a study involving brain scans has shown that
we process auditory information differently depending
on the scene in view https://pubmed.ncbi.nlm.nih.
gov/20600971/ The noise at some distance from a sandy
beach and a distant motorway are quite similar but if using
the same sound recording, when a beach scene is shown
to volunteers in an fMRI scanner rather than traffic on a
motorway, the resulting brain patterns differ signiﬁcantly.
The rated tranquillity also differs signiﬁcantly. In fact, it has
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Vibration Control Engineering

Vibration Control Products
& Acoustic Floor Systems

Problems with acoustics are very often the result
of ground and structure borne sources travelling
through a structure and manifesting themselves as
noise. This could be as a result of plant equipment
and associated pipework, loud audible sources,
impact from leisure activities or nearby railway
sources. Mason UK has decades of experience
of working with the acoustic consultant to resolve
these and many other engineering problems.
s

Royal Opera House Linbury refurbishment project

s

The key is to separate the noisy structure or vibration
source by means of isolating plant equipment and
services, ﬂoating box-in-box structure or full building
isolation. Choosing the correct isolator to separate and
support and separate can have a signiﬁcant eﬀect on
isolation performance, lifespan and cost to the client.
We are always happy to work with the design team to
support a project and reach the most eﬃcient solution.
We have a broad range of expertise and can help with
not only the acoustic but structural and architectural
challenges as well as supporting the contractor on site.
Vacuum system isolation, Ford Research Centre

Carrying out the work on site is one of the most
important aspects. A good design can be easily
compromised by poor installation or a lack of care
by other trades. We take pride in taking a project
from initial sketches to successful completion.
Designing a solution is only part of our work,
experience shows the importance of providing good
advice to all involved on a project.
The success of projects shown on this page are
typical of how Mason UK are able to not only
provide high quality acoustic solutions, but also
able to assist in the design and installation of
complex, bespoke arrangements.
s

Building core isolation against tube vibration, London
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