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APIS — Acoustics and annoyance of future aviation —
simulation Platform and Implementation System

* KTH-CSA project starting 2023
* Time frame: 2023-2024 (24 months)
* Financing : Trafikverket/CSA 3.2 MSek, Partners (in kind)
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4*" 3 .
i Q wv; : HOl‘lllllngll‘l [redigera | redigera wikitext]
5 i
4
Nz Honungsbin (Apis) ar ett slakte i insektsordningen steklar som tillhér familjen langtungebin.

WIKIPEDIA

Den fria encyklopedin
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&EES — Acoustics and annoyance of future aviatio %
R,

— simulation Platform and Implementation System

(
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Overall aim (from CSA application):

To provide knowledge, guidance and recommendations to central
stakeholders to facilitate implementation of future air vehicle
services in a sustainable manner with respect to noise and
annoyance.



gK”;H%APIS Partners

* KTH/INDEK: Main applicant, WP 4 lead ( Socio-technical analysis) G
* KTH/MWL: Aviation acoustics competence, measurements and analysis

* Akustikdoktorn Sweden AB: Project Management, WP3/WP5 lead (UAV source
modelling and mitigation)

* Aurskall Akustik AB: WP2 lead (Aviation/UAV noise modelling)
* Independent Business Group (IBG): WP1 lead (Drone and airport operation,

aviation infrastructure, industrial network)

Reference group:

lvan De Lepiny, EASA; Marie Hankanen, Transportstyrelsen; Jean-Marie Skoglund, Trafikverket;Lisa
Johansson, Naturvardsverket; Olivier Petit, LFV; Charlotta Eriksson, Kl; Ulrika Nordenfjall, SKR; Bengt
Moberg Vemamack;
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I B G ?&fgg&dent Akustlkd()ktorn AUI'SkCI" T Ry
Group Sweden AB Akustik AB 5 verensiar
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fxry Dronarbuller
Mt

d Buller- o6nskat ljud

d Kan ha negativ paverkan pd innovation

d St6rning upplevs individuellt

d Upplevd storning beror ocksa av
installning och attityd, tillit och kansla av
kontroll 6ver sin livssituation

Om tilliten brister — dr det nastan omaojligt att aterfa
fortroende!
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Legend OEM Vehicle
Airbus CityAirbus
Airflow Model 200
Archer Maker
Bell 4EX
Beta Technologies Alia $250¢
Dufour Aerospace aro 3

7 Ehang EH-216
Ehang VT-30
Electra eSTOL

0 Elroy Air Chaparral
Eve Urban Air

1 Mobility Eve
Solutions

yundai Urb.

13 Jaunt Air Mobility Journey
4 Joby Aviation sS4
15 Lilium Jet
6 Overair Butterfly
17 Pipistrel Nuuva V300

Sabrewing Rhaegal R
Aircraft Company 1
19 Vertical VAX4

Aerospace
20 Volocopter VoloCity
21 Volocopter VoloConnect
22 Wisk Cora

Source models need to be adapted to the propulsion concept! Akustikdoktorn
Sweden AB
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Turbulence Ingestion
©® @
. ©® @
» Self generated rotor/propeller noise @@f

* Interaction between airflow and fuselag **"" e
* |nteraction between blades and

Blade Thickness & Loading (Steady)
turbulence
Blade-Airframe
Interaction Wﬁon
NB: Typically the drive system (motors/engine) is not Fuselage-Wake

Interaction
contributing significantly.

vl

Engine/Motor

https://ntrs.nasa.gov/api/citations/20205007433/downloads/N
ASA-TP-2020-5007433.pdf Alcstikdekton

Sweden AB



https://ntrs.nasa.gov/api/citations/20205007433/downloads/NASA-TP-2020-5007433.pdf
https://ntrs.nasa.gov/api/citations/20205007433/downloads/NASA-TP-2020-5007433.pdf
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Transportdronare

Single-mode cargo drones (muticopters):
* Fixed lifting rotors (loud)

Dual mode cargo drones:
e Lifting rotors (loud)
* Pulling/pushing propellers (relatively silent)

OEM/ODM

Customizable

https://www.hongfeidrone.com/agricultural-drone/page/6/

Foto Gustav Wiberg


https://www.hongfeidrone.com/agricultural-drone/page/6/
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w=t Parameters affecting noise exposure - %

o UAL design parameters: lay-out, rotor rpm and pitch
* Operational modes: litt, hover, free tlight

* Flight data/ Trajectory:
o Groundtrack — via way points in Google Earth

oProfile — altitude, speed
* Population density: SCB data
* Screening, e.g. from buildings (shadow zones)

* Facade insulation (1nterior noise)

Akustikdoktorn
Sweden AB
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fﬁﬁ&% EASA: Measurement guidelines (from 2023) |AP|S

QD

Noise measurement procedures

=6 level-flights

Weather station

EEEASA

._%: i
'\‘H‘h
H.%“
%@ %HH‘
ff'P' f',;’)-’;%ﬂ;“x 50m
AN

Inverted microphone
ower reflective plate

Mandatory Level-Flight procedure with post-test noise
adjustments for:

- Distance.

- Atmospheric absorption.
- Duration correction.

- Speed.

Weather station

_ 26 30-sec hovers
njjg__
25m

Independent positioning system
(ATE, photo scaling,...}

For UAS capable of stationary flight, Hover
procedure with post-test noise adjustments
for:

- Distance.

- Atmospheric absorption.

Akustkdoktorn
Sweden AB
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iy HFASA: Guidelines for measuring noise from %5 CA\PI{S)
" UAVs 2aS

Noise metrics

e ".,'i;
P T
: ™ :
*20 i ‘\‘\\ i
For the Hover procedure, L, ™, :
o i will be the A-weighted noise “‘u\i
0 _ i level averaged over 30 in
y i seconds.
E e "‘\,_ | For the Level-Flight procedure, SEL (“Sound
8 20 '/':'l/ & Exposire Level”) will be the A-weighted
y noise integrated over time.
=0 rt detined) %
(B E ' :
o L, = 10log,, = [| ’2| o SEL =L, +10log 7]
50 1 ' : pit)
10 / 100 1000 10K Lo 1ep 100K :
H S Y
L pith st W
A-frequency weighting: best C 1 oal N T i i
. LI R (1 L A 7 -'..'1-- frr—=e L N’/ \""
compromise between UAS annoyance ‘ il i1y o ([ ™ VA N
and available equipment. i \H
Tirrw |
-

BESEASA BN A kustikdoktorn

Sweden AB



fgg%Fleld measurements according to EASA guidelimes| APIS
“54 Fixed wing delivery drone: 20 kg MTOL, 2 kg payload. '- O 2,

* No spectral data available from EASA test: Calculated
sound pressure spectra based on tonal noise
components (rotor RPM => fundamental blade
passing frequency and harmonics)

e Levels tuned to field test dBA measurements (EASA

guidelines)
* Added sound power at take- off estimated from test 105
bench data with 10% increase of thrust vs. hover 100
+ Test data modified to account for increased weight o Ly hover = =117 dBA
and higher rotor pitch of KATLA UAV (40 kg/10 rotor) T
_'Q75— \‘\’/ N2 ~-__\‘--~\ -
5 Lyun = 99 dBA IR

65 :

| L L 1 L | 1 | | | | | | |
Q » O O O ) Q O Q Q "
e EE e s e ¢ & Akustikdoktorn
one-third octave band freqt

Sweden AB




UAYV source spectrum
P 153
70 T T T
* Highly tonal spectrum 60 - B '
50 I
2 40
20
* Increased annoyance in - background
. . . 0 PR S | L L L ! PR S T T | "
relation to e.g jet aircraft e e i

Frequency (Hz)

Akustikdoktorn
Sweden AB
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&2 Bullersimuleringar med SAFTu RS%2

1. Utveckling av ett berakningsprogram — SAFTu
* Behov:
- nytt trafikslag/miljoéfraga
- forsta framtida situation
2. SAFTu karakteristik och mojligheter

« Overblick
 Beriikningsexempel frén Ostersund

3. Framtida behov och moéjligheter e NoTe e T e
* Nyckelfragor for framtida AAM buller
*  Framtida utveckling

I Bondegat-straight-Tele2-2p6km
— I Bondegat-Ringviigen-Tele2-3p2k
20 [ IBondegat-Hbyhamnen-Tele2-3p5k

-
o

-
(=]

L4,

Nof people exposed within 5dB-bands

45 50 55 60 65 70
Sound level in LMMax (dB, bands spanning 5 dB)

(=]

Bullerstorning fran dronare SKR WS 6 nov 2024 Bullersimuleringar, varfér?  Ulf Tengzelius Aurskall Akustik 18
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* NASA utvecklar berakningsprogram (AIRNOISEUAM, OVERFLOW(CFD/CAA), ...?)
men mojligheten att kunna nyttja dessa i Sverige kanns avlagsen

« Kommersiella program for omgivningsbuller, som t.ex. Soundplan och metoder
som NORD2000, ar sa vitt vi vet annu inte lampade for generella rorliga ljudkallor

Flygprofil simple_fixed_eVTOL SubGrid Pattern - Flightpath SAFTu Stockholm

bld = hdjd som fkn av distans, rod = hastighet;svart: markhojd langs flygbana) Duration: 05:09 min:sec Distance: 8.62 km Mean GSP: 28 m/s
Grid points closest to groundtrack

2000 | MainGrid border
High Resolution Profile input Altitude and Speed(GSP) as fcns of dist. ~———First and last SubGrids
i 1000 | SubGrid borders(every 10th along traj.) _
100 T - i — | 9 No direct sound from traj.pos 3%
g | / 3 8 — " "h,h_..““ 40 0t
80 - / \ -- 35 |
: - Flight Altitude (184 pts.) AT __-1000
70~ Flight Alt. org wp:s(13 pts.) ¥ a0 =
. : j Ground Altitude {184 pts.) SR = 2000 |
E 60 / GSP Ground Speed(184 pis.) | = €
3 ' / GSP trimmed WP:s (51 pts.) P 125 g Z
E 50 ,-"ll % GSPorgwp:s (13 pis.) | l a -3000 |
& . 3 120 0
E 40 e Il'I o
Lp—® 15 -4000 -
30 £
20 % L -5000
10 ;
T -6000 - : : :
0 . . L - M N S -7000 -6000 -5000 -4000 -3000 -2000 -1000 0 1000
0 1 2 3 4 5 6 7 8 9 East(m)

Distance(km) llersimuleringar, varfor?  Ulf Tengzelius Aurskall Akustik 19
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« SAFTu - har utvecklats i APIS projektet som en vidareutveckling av SAFT3 — ett berakning
for ”fixed wing/standard flygplan”

* SAFTu, dar ”u” = UAV eller UAM, mojliggor ...

?‘%}%AF Tu karakteristik och mojligheter

g

Input av:
* Farkosttyp (val ur en uppséattning implementerade)  found b1 o ottt -850
* Godtycklig flygbana, forst markspar (groundtrack, lat lon) och sen profil (h6jd)
* Hastighet och flygmod langs flygbanan

L, (@)

= 55

Etablering av ljudkalla langs en diskretiserad flygbana (tidssteg typiskt 1s)

45

40

as L L L L L L L L
o 10 20 30 40 50 B0 70 80 a0

Berékning a V: time(s) [0 = start of studied flight]

* Ljudemission och utbredning med stré]lg,éngsberéikning> till marken (marknat, "grid”) /
e Ljudhistorik inkl. spektrum i samtliga grid-punkter (diskret ”time record”, tidssteg typiskt 1s)
 Konturlinjer (ljudnivakurvor) av 6nskat ljudnivamatt (L., or L,z in dBA or other metric)
 SkillnaderidB, L,-L,=AdB,, mellan olika fall, t.ex. tva olika UAV:er, tva olika flygprofiler, ...

* Anta let boende Inom Ollka lJUdnlvamte rvau 8 SAFT : Simulering av Atmosfar och Flygtrafik for en Tystare omgivning
se lank: Aircraft noise mapping code SAFT

Bullerstorning fran dronare SKR WS 6 nov 2024 Bullersimuleringar, varfér?  Ulf Tengzelius Aurskall Akustik 20


https://docs.google.com/document/d/1OhJqkSLCMbYAqSwZzUtK1rZXEuKq-0t1lsiLvkwUIRg
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... 2. SAFTu karakteristik och méjligheter -

* Topografi och populationsdata integrerat i korningar

Nu anvands i SAFTu data som ska mojliggora simulering av flygning var som helst pa jorden
(testat Sverige, Norge och Schweiz):

* Topografi/markhojd: Copernicus Global DEM 30m x 30m, via QGIS + plugin®

* Populations fordelning: Humanitarian Data Exchange (HDE) °

* Anvandarvanligt

* Berakningseffektivt

Noise impact from 3 flights

Exempel, konturlinjer
Femundsmarka, Norge:

Nof people within 5dB L bands

%103 Amax

- Bondegat-stralght -Tele2-; 2p6km
[ Bondegat-Ringvigen-Tele2-3p2k
[ 1Bondegat-Hbyhamnen-Tele2-3p5k |

Nof people exposed within 5dB-bands

- - IIH Ilﬂ IID_...=._

Sound level in L {dB bands spanning 5 dB)

APIS

4 Download DEMs in QGIS for a Specified Extent with the OpenTopography DEM Downloader Plugin, Video: Hans van der Kwast data: OpenTopography

5 Sweden: High Resolution Population Density Maps (swe_general_2020_geotiff.zip), OCHA

Bullerstorning fran dronare SKR WS 6 nov 2024 Bullersimuleringar, varfér?  Ulf Tengzelius Aurskall Akustik
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https://www.youtube.com/watch?v=EMwPT7tABCg
https://data.humdata.org/dataset/sweden-high-resolution-population-density-maps-demographic-estimates
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= Rutt 1: Gjoviken heliport — Orrviken, ca 16 km ~

Flightpath SAFTu Jamtland
Duration: 07:08 min:sec Distance: 16.3 km Mean GSP: 74 knots

63.2
& ‘.’1 S Lt e
63.19
63.18 g
63.17
Wik
P 63.16
£ 63.15 % :
-
L
63.14
63.13 GUI Input FlightMode change positions
A ' ] ' o Flight Profie
63.12 © ) o wes
ground height
vertical speed
63.11 GSP
9 TAS
@ y - —— de change
€ wpito9 63.1 _ ; a - prop.mo
e 14.4 14.45——F — z 5
N = . $ €
2 g 5
£ o0 5 £
= 3404 o 3
2 =
320
300
280 | 1 | L | 1 I LI
0 2 4 6 B 10 12 14 16

Distance (km)




. Rutt 1: Gjoviken Heliport — Orrviken

v 9
VETENSKAP

4“.¢ Bullerkonturer: OBS uppskattad killstyrka
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ixrmy Rutt 1t Gjoviken heliport — Orrviken %ﬁ APIS

Bullernivaer med avseende pa antal boende som utsitts 7\
Noise impact from flight
Nof people within LAmu bands

Population Density as of Meta

40 . -
30 J
i}
g
o 20 |
= 1
I=
< 10 |
0 J
¢ 40 45 50 55 60 65 70
3.2 - o e R ‘ Sound level in mex (bands spanning 5dB)
s Computation is based on open data from:
Sweden: High Resolution Population Density Maps

63.1 .
latitude 14.3 longitude (swe_general_2020_geotiff.zip), OCHA


https://data.humdata.org/dataset/sweden-high-resolution-population-density-maps-demographic-estimates
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fxrny Rutt 2: Solliden — Faker, ca 28 km

28 OCH KONST 2%
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Flygprofil
High Resolution Profile input Altitude and Speed(GSP) as a fcns of time
500 | T | 45
__E;\'\__
140
450 135
130
‘e 400° _
5 125 2
S Flight Altitude(HR) : £
= O Flight Altitude(wp) . o
= 350 Ground Altitude A 20 g
< GSP(Ground Speed) —
115
300 110
\ 15
250 | | | | | | | U
0 100 200 300 400 500 600 700 800

time(sec)



%gg . Rutt 2: Solliden — Fiker
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%W Bulletkurvor I: OBS uppskattad killstyrka

A088A
45dBARanné&'sen - P [\ Nivsasen
504B/A G ‘
Wp2 ¢ s 87 £ 255 . /
3/ 55dBA & _ " Grafsdse :
) i § BA iﬁg. ,

PSS "Oste_[_sund.- A
£ ¥ o0 % [
LUGNVIK

Grafsasen™+
HIISE]

) Knytta
Slandrom

ivlarieby

BjérmeSOdBA
/ Taiﬁ_‘dsbyn
l;a e .
e 50dBA
55dBA.
/I : Viken ™lmage © 2024 Maxar Technd

Image:® 2024 Airbus
Image!© 2024 CNES/ Ai




g@% Rutt 2: Solliden — Faker
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Y% Bullerkurvor II: OBS uppskattad killstyrka
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fxrry Rutt 2: Solliden — Faker Q| APIS

Bullernivaer med avseende pa antal boende som utsitts B
Noise impact from flight
Population Density as of Meta Nof people withinL, _ bands
14000 e ————————+—————————
o
c
8 12000
o
40 . . Z 10000
£
3 5000
3[} B T
o ]
ot S 6000
0 X
o 20 . ®
- o 4000
=] 3
< 10 J ug' 2000
z
0 J ° 40 45 50 55 60 65 7lo 7|5 alo 8I5 glo 9|5 160
Sound level in LpAmax (bands spanning 5dB)

63.2 SRS 147

63.15 Computation is based on open data from:

63.1 14.4 Sweden: High Resolution Population Density Maps
latitude 14.3 longitude (swe_general_2020_geotiff.zip), OCHA


https://data.humdata.org/dataset/sweden-high-resolution-population-density-maps-demographic-estimates

Rutt 3: Solliden— Orrviken
Bullerkonturer OBS upn skattad kallstyrka
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4, a8 Flygvig Ostersund (

Trajectory incl. Groundtrack
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/xris Prelimindra slutsatser 4| APIS
40 kg leveransdronare med fasta vingar ca 120 m over mark: G

* Vingmod relativt tyst: L, ., ~45-55 dBA
 Multicoptermod: L, ..~ 75-80 dBA vid landning
« OBS Kalldata for drénaren uppskattade fran designparametrar. Méatningar nodvandigal!

* Nuvarande riktvarden: De svenska riktvardena for L, ..., vVid byggnadsfasader kommer att
styra snarare an LA,EQ-nivéer/FBN (energibaserade).

* Med hansyn till den tonala karaktaren hos dronarbuller forvantas att framtida referensvarden
for UAV kan komma att sdnkas i forhallande till de flygplan for att aterspegla den storre
Irritation som dronare ger upphov till (Gwak et al 2020).

Gwak et al. Sound quality factors influencing annoyance from hovering UAV. J. Sound Vib. 2020, 489, 115651
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Naturvardsverkets tillsynsvagledningar inom

buller

Riktvarde

dBA

Leq
dag

50(45)

Industribuller

Leq
kvall

45(40)

Leq natt

40(35)

LA, max
natt

55(50)

APIS
R

(

2
S

Leq I6rdag, sondag och
helgdag (06-18)

45 (40)

(Nivaerna i tabellen ovan avser immissionsvarden vid bostader, forskolor, skolor och vardlokaler. De
galler utomhus vid fasad och vid uteplatser och andra ytor for utevistelse i bostadens narhet)

Ur Miljoprovningsforordning (2013:251)
24 kap. Hamnar och flygplatser

§5 Anmalningsplikt C och verksamhetskod 63.50 galler
for flygplats for motordrivna luftfartyg dar mer an 500

flygrorelser per kalenderar ager rum.

Buller fran flygtrafik och flygplatser

(inklusive helikoptrar)
Flygbullerniva Maximal niva

I—AFBN I—AFmax

dBA 55 /0

| anslutning till en helikopterplatta kan trafiken vara av
en sadan omfattning att oldgenhet fér manniskors
halsa kan uppsta om inte skyddsatgarder vidtas.

Riktvarde




Slutord: Buller och innovation IR

* Hur oka chanserna for lyckad integration 1 stadsmilj6?

* Introducera inga 6verraskningar, halla sig till det man lovat, vixa med
forstand och 1 samforstand

* Var proaktiv med atgarder och forklara bullernivaer fran restriktioner och
matningar. Utbilda boende 1 akustik, simulera kvantitet och kvalitet, antal
rorelser och delge ’bullerprognoser”.

* Samarbeta med staden och regionen, {6lj processer for grannsamverkan,
bered miljotillstind for anlaggningar med planerad trafik, var beredd pa
overklagan och miljomal, kommunicera, lyssna.

Beriknade ljudkartor kan anvindas som beslutsstod samt for
att forklara hur man arbetar med att minimera storningar






Extra material
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UAV trafik kommer att oka

* Lagre flyghojd an dagens flyg — dagens flyg bullerreglerat endast vid start/landning

* Vikan annu bara gissa trafikens omfattning och representation av olika farkosttyper

Riktvarden for ”storande” buller fran UAV saknas annu

« Aven om ljudnivéerna fran en flygande drénare i sig inte &r hoga, i relation till andra bullerkallor, kan
subjektiva reaktioner kopplade till bullerhandelsen, som overraskningsmoment, okand

ljudkaraktar, position ovanfor, ..., starkt paverka upplevelsen/storningen/stressen/...

Ett brett spann av farkoster i fraga om storlek och ljudkaraktar

EASA Open Category - Low Risk - Civil Drones <25 kg
Class: C0<250g, C1<900g, C2 <4kg, C3,C4 <25 kg

Katla 40kg nyttolast 15 kg (lank till Katla Aero och bild) Joby eVTOL — level flight (lank till Joby och bild)

Bullerstorning fran dronare SKR WS 6 nov 2024 Bullersimuleringar, varfér?  Ulf Tengzelius Aurskall Akustik


https://www.jobyaviation.com/news/joby-hosts-international-aviation-regulators-california/
https://www.katla.aero/
https://www.easa.europa.eu/en/domains/drones-air-mobility/operating-drone/open-category-low-risk-civil-drones
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L Noise generation vs rotor-pitch ! CX)
, R,

J ® Pitch (nominal) Pitch (measured) -+« Linear (Pitch (nominal)) Measured pitch
e . N 110
108
A 106
. 104 y =0.7785x + 90.6
Constant tip speed 120m/s o 2 - i
110 , : : : 5102 R“=0.7608
_ O °
00 P
105 © P !
g % B . y=0.7742x + 88,665
¢ R? =0.745
96
o 94
B -
a 92
w
i 90
6 8 10 12 14 16 18
Propeller pitch [Inch]
Vit Storch et al,, Measurement of noise and its correlation to performance and

geometry of small aircraft propellers, EP) Web of Conferences ,114 02112 (2016)
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UAV Annoyance rating

Schafer et al 2021: A total of 24 studies included in systematic review
on noise emissions of drones.

such correction terms.

E-E 4 additional records 1208 records identified
:E identified through through database searching:
. . . . = | pther sources
* Conclusion I: The literature of drone noise effects on humans is E '
still scarce. Nevertheless, the current literature provides a fairly 838 records a&frguplicaffﬂ
. . . . . . PETIIOWE
consistent picture, suggesting that drone noise is substantially ® I
. . . . . c
more annoying th:?m .roagl traffic or aircraft noise due to special : e E I R ————
acoustic characteristics, in B
particularly pure tones and high-frequency broadband noise. i
. ) ) = b full-text articles excluded
e Conclusion II: The increased annoyance to drone noise could be : 10 full-text articles assessed | | Reasons for exclusior:
accounted for with level corrections (or, alternatively, stricter limit 2 for eligibility N e )
values for drone noise in environmental guidelines/legislation). l
However, currently available studies do not allow reliably defining 2 | 8studiesincluded in
= qualitative synthesis

Figure 2. PRISMA flow diagram of the systematic review on noise effects of drones.
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iy Annoyance from drones O\
S
Annoyance rating by comparing drone noise to road traffic or standard aviation noise

Example: Gwak et al . Sound quality factors influencing annoyance from hovering UAV. J. Sound Vib. 2020, 489,
115651 :

ALpeq ~10dB
(large drone vs. aircraft);
ALpeq ~6 dB
(large vs. small drone);
ALpeq ~4 dB
(small drone vs. aircraft)
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Exempel: Dronartransport, Huddinge Sjh - S6S

Over 5 000 snabbtransporter gors arligen mellan akutsjukhusen Danderyd, Huddinge, Karolinska,
Sodersjukhuset och S:t Gorans sjukhus, samt lager i Spanga. 99% av transporterna ar gods under 2 kg,

vilket ofta passar utmarkt for dronartransporter Bullerkonturer L
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Two different operational modes: Major sound reduction using wing mode

Bullerstorning fran dronare SKR WS 6 nov 2024 Bullersimuleringar, varfér?  Ulf Tengzelius Aurskall Akustik 41



fxrmy Multicopter directivity

« Multicopter sources somewhat directive, in particular at higher
frequencies.

« Raw data: Experimental data sets measured for five small multicopter
UAVSs (4-6 rotor, 0.8 kg < m<3.5 kg) .

 Fitting: Least absolute residual (LAR) method to a surface spanned by a
2nd order polynomial in frequency domain and a 39 order polynomial in
the ¢-domain.

1) K. Heutschi et al. 2020, Synthesis of real-world drone signals
based on lab recordings, Acta Acustica, 46 (2020) 24
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