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Acoustics Research Centre -
University of Salford 

• Leading Expertise:
• Human response to sound and vibration
• High-fidelity virtual community noise simulation (3D 

auralisation and VR).
• Psychoacoustics and perception of sound
• Community noise impact (metrics and regulations)
• Noise and emissions interdependencies in aviation
• Policy influence: 

• Guidelines to assess low frequency noise 
complaints and wind farm noise (DEFRA).

• BSI and ISO standards: e.g. BS EN 15657-1:2009, 
ISO 140-18:2006, ISO 17497-2:2012…

REF 2014: “Outstanding impact in acoustics for the 
built environment”
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University of Salford 
• Autonomous systems is 1 of 3 strategic priorities for UoS
• £13m Centre of Excellence in Intelligent Automation and 

Robotics – intelligent mobility (smart mobility systems). 

• World-class facilities (laboratories and measurement 
capability)

• Strong track record of collaborative research with 
industry 

e.g. BAE Systems, BBC, Bentley, Boeing, Dyson, 
Jaguar Land Rover, QinetiQ… 
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Business 
Opportunities

• Progress on electrical power, 
high-energy density batteries 
and autonomous system 
technologies.

• Significant potential for a 
number of applications:

• Inspection,
• Monitoring,
• Surveying,
• Surveillance, and
• Delivery of goods.
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Drone Sector 
in the UK

• £42bn
• Net impact on the 

economy by 2030
• £16bn

• Net cost savings from 
uptake of drone 
technologies

• 76,000
• Drones in use across 

UK skies by 2030
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Environmental Benefits
• Stolaroff et al. (2018) – Nature 

Communications 9 (Article number 409)
• “Results suggest that, if carefully deployed, drone-

based delivery could reduce greenhouse gas 
emissions and energy use in the freight sector,”

• 415 million metric tons of CO2/year (1/4 of all 
emissions from transportation in US)
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Boeing, Rolls-Royce, Airbus 
concept vehicles for 
greener transportation

Future Flight Challenge:
• New generation of flying taxis, 

drones delivering goods and 
services and small, all-electric 
aircraft.

• Ease congestion and reduce the 
carbon footprint of the industry.
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Bad news, none of this will ever 
happen if noise issues are not 
taken care of!

• “Noise is probably the largest
limiting factor for the public 
acceptability of drone operations” 
(Nesta, 2018).

• “New noise exposure and 
annoyance from these vehicles 
could limit the success of 
integrating UAM into the 
transportation system” (Uber 
Elevate, 2016).  
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Quieter than conventional aircraft, but
• Operating at relatively low altitudes 

over populated areas that have not 
normally been exposed to aircraft 
noise. 

Drone noise does not resemble the noise of contemporary 
transportation vehicles.
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Sound Level on the 
Ground

• Cabell et al. 2016.  
Measured noise from small 
unmanned aerial vehicles.  
Proceedings of the NOISE-
CON 2016, Providence, RI, 
USA

• Sound levels ranges 
between 62 dBA (100 m) 
and 70 dBA (20 m)
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Christian and Cabell (2016).  Initial investigation into the psychoacoustics properties of small 
unmanned aerial system noise.  Proceedings of the 17th AIAA Aviation Technology, Integration and 
Operations Conference, Denver, CO, USA
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Christian and Cabell (2016).  
Initial investigation into the 
psychoacoustics properties of 
small unmanned aerial system 
noise.  Proceedings of the 17th

AIAA Aviation Technology, 
Integration and Operations 
Conference, Denver, CO, USA
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Christian and Cabell (2016).  
Initial investigation into the 
psychoacoustics properties of 
small unmanned aerial system 
noise.  Proceedings of the 17th

AIAA Aviation Technology, 
Integration and Operations 
Conference, Denver, CO, USA

• “road vehicles seem to be systematically 
judged to be less annoying” than the drones 

• Recorded at various speeds and altitudes, and their 
sound at higher altitudes made almost no difference 
in the annoyance level.

• The 38 participants found that the buzz of the 
drones is more annoying than the rumble of 
cars and trucks

• Delivery their goods by drone could reshape the 
soundscape of cities and suburbs for the worse.

• Drone operators will likely face opposition to 
the noise the new delivery technology creates, 
if even they are indeed “’no louder than 
conventional package delivery solutions,”

• Finally, new metrics are needed and particular 
operational characteristics needs to be taken 
into account.
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Listening Experiment: Small 
Drone vs. Road and Air Vehicles
• Stimuli:

• 8 x Aircraft sounds
• 4 x Rotorcraft sounds
• 8 x Road Vehicles sounds
• 12 x Quadcopter sounds

• Method: Ranking in order of preference  2 
Reference method (Torija et al. Appl Acoust 
2019;146:190-203)

• Research Objective:  Annoyance penalty/bonus for 
small drones (to inform Dose-Response analyses).
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Listening Experiment: Small 
Drone vs. Road and Air 
Vehicles
(Torija et al., 2019)

Preliminary results from listening experiments (30 participants) 

Sounds normalised to LAeq = 65 dB(A) 
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Listening Experiment: Small 
Drone vs. Road and Air 
Vehicles
(Torija et al., 2019)

• As repeatedly reported by a series of NASA’s 
publications (Zawodny et al., 2016; Christian & 
Cabell, 2016; Cabell et al., 2016) none of the 
transportation noise metrics available are able to 
appropriately account for the particular acoustic 
features of drone noise signatures.

• This research first step towards development of 
metrics able to accurately predict drone noise 
annoyance.

• Initial results suggest: 
• Tonality
• Loudness-Sharpness Interaction (high 

frequency noise)
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• Concerns with regards to the use 
of drone in cities:

• Safety (risks on communities)
• Privacy (personal data)
• Security (hacking)
• Noise and visual pollution
• Transparency (who)
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Torija et al. (2019). Effects of a Hovering Unmanned Aerial Vehicle on Urban Soundscapes Perception.  
Transportation Research part D – Transport and Environment (under review)

DJI Phantom 3 Hover 
in Seven Urban 
Soundscapes
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Torija et al. (2019). Effects of a Hovering Unmanned Aerial Vehicle on Urban Soundscapes Perception.  
Transportation Research part D – Transport and Environment (under review)

Research objectives:
• Investigate the effect of ambient road traffic noise on drone noise annoyance.

• Varying SPL and type (road, urban, green areas, etc).
• Investigate audio-visual effects on drone noise annoyance.

• Using 3-d audio and VR
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Torija et al. (2019). Effects of a 
Hovering Unmanned Aerial 
Vehicle on Urban Soundscapes 
Perception.  Transportation 
Research part D – Transport 
and Environment (under 
review)

The operation of drone fleets through corridors along busy roads might 
significantly mitigate the increase of community noise impact caused.
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No a comprehensive research activity on the effects of drone noise on public health 
(main concern for ensuring public acceptability).
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Challenges 
(non 
exhaustive)
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• Vehicle centric (design & certification)
• Operations centric (fleet noise)
• Effects on public health and wellbeing

Human Response and Metrics

• Best practice to operate drone for 
minimum noise effects

• Lack of data
• Lack of measurement standards

Regulation and Policy



Health Effects of 
Aircraft Noise

• The aircraft noise from Heathrow ad Gatwick 
airports in 2010 was associated with 57 
myocardial infarctions (leading to an estimated 
17 premature mortalities).

• The total cost of noise was estimated at 
£81.2M/year 

(Wolfe et al. J Air Transp Manag, 2017 (58) 91-99).
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Health Effects of 
Aircraft Noise

• There is a reasonable 
understanding of how 
exposure to existing sources 
of aircraft noise affects the 
health and quality of life of 
communities surrounding 
airports. 

24https://www.aef.org.uk/issues/health/

https://www.aef.org.uk/issues/health/


Heath Effects 
of Drone 
Noise - Gaps
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It is uncertain whether the existing evidence 
can be applied to estimate the effect of new 
aerial vehicles and modes of operation on 
health and quality of life. 

Sound sources are of a different character, and 
they may operate closer to vulnerable groups 
not previously exposed. 

It is also difficult to predict psychological effects 
(annoyance), which depend on listener 
attitudes and sensitivity. 

Upcoming NASA White Paper ‘Urban Air Mobility Noise: 
Current Practice, Gaps, and Recommendations’



Heath Effects of 
Drone Noise -
Recommendations
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Approaches to assess health effects of drone noise 
should be standardized.

Vulnerable groups related to noise-induced health 
effects should be identified. 

State-of-the-art models for noise transmission 
through buildings of various types are needed.

Literature on soundscape and community reaction 
should be reviewed. 

Databases of drone sounds must be obtained, which 
can then be used in laboratory experiments. 

Upcoming NASA White Paper ‘Urban Air Mobility Noise: 
Current Practice, Gaps, and Recommendations’
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