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IAM Noise Sighature

* |AM noise perceived as more annoying than
conventional aircraft/rotorcraft (same sound levels)

* The noise signature if IAM is rather complex, and doesn’t
resemble conventional aircraft or rotorcraft

— Highly tonal (and complex tonality)
— Significant content in high frequencies
— Unsteady noise emission (changes over time)
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IAM Operating Conditions

Amplitude modulation

* Unconventional operating conditions (e.g., ° ..
hover-to-forward flight transition) Lo

* Operating in urbanised environments, and 7

closer to people
. Increase in tones & broadband
* Challenge of unsteady and loud operating
conditions near ground.
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IAM Noise Hemispheres

* Noise hemispheres needed to capture
amplitude, frequency and directionality
information.

 Alighed to EASA NORAH2 model
« Challenge:
— Complex noise field measurements

— Noise prediction (models yet to be
developed or highly complex)
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Salford’s IAM Noise Framework

Case Studies

Methodology and Technical strategy
Approach § Outputs

Predictions | f Synthesis | Propagatioh Sound Stimuli
Computational [§
Sound source Listening

Aeroacoustics
definition Propagation path | experiments
conditions (environment) |

Analytical
Environmental Experimental Spectral analysis " Listener position | Psychoacoustic
and modification ’

[

Engine design for
evaluation

Operating

Models
conditions Anechoic wind | Assessment
tunneltesting [ Time and frequency domains
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Salford’s Acoustic Laboratories

* Leading research on IAM noise
— Aeroacoustics / Noise Modelling

— Psychoacoustics
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Salford’s Contributions - RefMap

Airflow simulations

air velocity gradients,
temperature gradients,
atmospheric turbulence

Sound emissions:
Flight dynamics simulator: Lonail® Lopang(®): Ly ora(®)

position, velocity, rotor RPM, ... L1/3,bband(f’ t); Ll/?,tonal(f’ t); L1/3,total(f’
t);...

End-user input flight
information: departure,

arrival, timing, payload,
vehicle

Sound propagation and
immissions
Sound metrics at ground locations / grid

Aid Decision-Making for Drone
Routing Psychoacoustic Models
University of No flight zones (sensitive receivers) Predicted response at ground locations / grid

Salford Selection from multiple routes

MANCHESTER
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Salford’s Contributions - RefMap

Target spectrogram Masked target detectability
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Salford’s Contributions - RefMap

Statistical models™ for change in annoyance 7 70-

(with UAS vs without), and %highly Zg] 0 P L

annoyed based on key variables: = 5 éso-
‘relative sound level AL ,_ or detectability d’ '§04- @ 240
-Sharpness S (high frequency balance) § 3 . 530_
-Tonal loudness T,, (hum / whine / buzz) §2' :> gzo-
*(interaction S x T) % 11 B £ 10

£ 01 O

*Flight events quantity

-

SBL0 | ﬁ%o |

% | 68
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Mean change in annoyance (test) % Highly annoyed (test)

*Generalised estimating equations solution

for generalised linear models
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Salford’s Contributions -ImAFUSA

Athens - Egaleo Park

e 110 participants (5x groups)

— 3x altitudes (10m /20 m/
30 m)

e DJI Mavic 3 drone (1 kg)
e 2x soundscape 'zones'
— CityTraffic
— GreenSpace
* Take-off / flyby / landing

 Soundwalk route reversed for
two groups
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ImAFUSA Dashboard DOCUMENTATION FRAMEWORK

. Psychoacoustic Annoyance Levels
Noise Assessment

2 Detailed Metrics Information
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thank you

for your attention!

Prof. Antonio J Torija Martinez
A.J.TorijaMartinez@salford.ac.uk

m University of
refmap Salford

MANCHESTER

For more information:
www.refmap.eu

IMAFUSA

Q&A [
Closing
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