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Abstract

In the framework of the R&D project LaMoNoV (LawnMer Noise and Vibration)
dealing with noise sources ranking and charact@isan lawnmower machines [1],
this paper presents a psychoacoustic approach loas@ady assessments using, in
particular, binaural audio-conform recordings undéf0-11094 standard
measurement condition.

The relationship between conventionally measurgdctibe lawnmower noise
and the general acoustic impression is derived fjames of experts, drivers and
“neighbours”. A comparison is made between A-weaghiSO-11094 standard
ratings and perceptive judgements. The obtainemtioeship is then tested against
synthesised noise calculated through virtual acopsbtotyping, and specifically on
the NST methodology (Noise Synthesis Technology).

The prediction of the radiated noise, and relatedisen control
recommendations, is achieved by means of a softiwatevhich is fed by input data
obtained from the components and their interactibmo types of output data are
available: synthesis noise in the form of specira] noise waveform reproduction.
The NST does not work as an absolute predictivecgg®y and thus requires
experimental validation. Components are taken agoount in a deterministic way,
by establishing their detailed vibro-acoustic ch&gastics via measurement. In the
present work on lawnmowers, selected componentshardlade(s), the motor, its
exhaust, the deck, the transmission system, ...

Eds.: J. Eberhardsteiner, H.A. Mang, H. Waubke
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INTRODUCTION

In the project LaMoNoV, the Work Package Two wasaled to psycho-acoustic
topics and covered 32 lawnmower machines of ale sind usage (personal,
professional, cutting and bagging or mulching...).

Audio-conform recordings

They were taken under standard ISO-11094 statigingrcondition: maximum blade
speed, 3cm or minimum cutting height if higher,omelings after 30 min of engine
pre-run and check for at least 30 seconds of "tlegmal.

All the above audio-conform recordings have beatgssed into a commercial
psychoacoustic software and analysed in termsdrgé existing criteria.

Jury evaluations

Preliminary jury evaluations limited to a panelfev experts (Maximum 8 among
Manufacturers and acousticians) and also to a felected machines. These first
evaluations were intended to ease the preparatitedull jury evaluations in:
¢ Validating the most significant criteria.
e Selecting the proper noise recorded sequences tased for re-
listening (only short duration records are usabtgury evaluation),
e Determining the appropriate type of jury evaluatiovethod (pair
comparison, differential semantic ...).

After the selection done in the previous work, ¢éhn@achine types were
defined: “Deck and Huge”, “Ride-on” and “Walk-Belih A short representative
part of the audio-conform recordings from WP2-A svselected, processed and used
for jury evaluation.

Three types of jury testing have been carried out:
e Experts (Manufacturers, Acousticians),
e Users (private, professional),
¢ Neighbours (owning a lawn field or not).
At the writing time, the number of jurors is resppesly: 24, 14 and 14 persons.

NST

NST is an acronym for Noise Synthesis Technolody If2stands for a mixture of
different approaches structuring together wellldsthed experimental techniques (as
masking, uncoupling, sub-structuring, transfer pathlysis...), empirical modelling
(i.e. ASHRAE, for fan and blade noise...) and compaortal vibro-acoustic methods
(as SEA, FEM...). The aim is not only to provide zable noise predictions but
also to build a robust virtual prototyping tool [3Js NST masters component sources
and transfer paths, it eventually produces synthmise. This gives a virtual vibro-
acoustic model that can be rebuilt and “tortureghiia before making final choice in
mechanical design, part sourcingand before going for real hard prototyping.
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AUDIOCONFORM RECORDINGS AND PSYCHOACOQUSTICS
ASSESSMENT

All the 32 lawnmower machines were recorded throaghummy head and a pilot
head-set equipped with high quality microphones.
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Fig.1: static conditions: o Fig.2: dynamic conditions (lawn=20x20m):
0 operator position, 0 operator position,
0 surrounding position. o edge of field (neighbour’s position).

The standard ISO-11094 defines six measuring mimoes distributed over a
hemisphere of radius 4 or 10m (according to thergutvidth of the lawnmower) but,
here, two additional measurement points are exammeriority:

e Driver’s position — “on” or “behind” the machin&ft and right ears),

¢ Neighbour’s position — at the edge of the “fieltéf( and right ears).
The recordings gathered at these positions wene plost-processed to correct the
head diffraction effect and provide microphone likeasurement for comparison
with classical methods (dB Lin, dB A...). In parallgdieces of 5 seconds were
selected and cut out from each original audioconfogcordings. Direct re-listening
of these sounds proved very harsh due to theirllysoigh levels. In order for the
jurors to be able to judge the machine noise andnly the striking transition from
silence to operating noise, these sounds wererlinéaded in and out on half a
second long, leaving a central untouched 4 secfordary assessment. Original and
faded sounds were processed with a psychoacoustiwase providing all desired
metrics (or perceptive criteria) for future analysed comparisons.

Fig.3: some examples of the three different lawnmowestype
From left to right, back: 1 RO, 2 D&H, 3 RO, frol®:WB.




Michel Besombes , Yvon Goth, and Xavier Carniel

JURY EVALUATIONS

Both “paired comparison” and “semantic differentiasts were performed on the 32
lawnmower sounds with differences due to the procesiattached to each method:

Paired comparison evaluations

In a “paired comparison” test, all the sounds to dssessed arg
combined into pairs that are presented in turrhéojiirors. They are
asked to choose one of the two sounds of each gainrding to 8@ === =
specific feature (the more pleasant, for instanbepur case, jurors se—=
were asked to listen to sound A, sound B then tte vib they _“__d
preferred sound A, sound B or neither A nor B (ucda choice, se¢ 8 | I

Fig.4). Fig.4: pairec

comparison
If we have N different sounds, the presented psiessubset voting key-pad.

of the N*N matrix of possible pairs. One can disctre diagonal

because normally there is no point comparing a ddantself. One can also discard

the inferior matrix triangle as pairs (n,m) and rfinshould be judged the opposite

way. Nevertheless a little number K of reversedsm added to the test for jurors’

repeatability checking. Whatever the value of Kpops’ consistency is checked by

testing triads of sounds: if sound “a” is prefertedsound “b” and “b” to “c”, “a”

should be preferred to “c” otherwise a cyclic insistency is declared.

Eventually the test is composed of N*(N-1)/2 + KrpaFor each pair, the test
lasts about 18 seconds: 10 seconds for soundsnpaéiee, 8 seconds for slide
transitions and voting. If we had to build a pair@@mnparison with 32 sounds we
would end with about 500 pairs i.e. almost 2 hoamd half in a row! The only
possible answer is to divide the sound corpus smaller sets. Three lawnmower
types already existed among the machines undey:stud

e “deck and huge” (6 D&H machines),

e “Ride-On” (10 RO machines),

e “Walk-Behind” (16 WB machines).
For practical reasons, and based on the resufisetiminary tests, this late type was
in turn divided into “Loud” and “Quiet” machines (8WBL and 8 “WBQ”
machines). Thus, four groups of machines were desteparately by paired
comparison. In each group, the jurors’ votes, foragainst every sound, were
compiled to give the corresponding machine measuaredts. Prediction laws were
built by linear regression, the measured meritsidpe¢he “response variable” and
different selection of psychoacoustic criteria lpetine “explanatory variables”:

e Best fit: multiple regression with the best comhima of criteria,

e Regression with only the Zwicker Loudness (in Spnes

e Regression with only the A-weighted SPL (in dBA).
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Lawnmower noise assessment
done by “paired comparison”;

Experts' jury - Decks & Huges :
Measured vs. Predicted Merit Values

4
example of results obtained with 31
experts’ jury. g1 T
E o7 Measured Merits —Predicted (Best) |
FIgS decks and HuQe: sound g ; : — - Predicted (L Zw) - - 'Predicted (dB A) :
ranking from the most pleasant (-3) -+ %
to the most annoying (+3). 4
QCJQ a Qo’dbv Qo’&b Qo&v Qc;° d Qogy
§ § & & & &
Groups | Analysis Merit prediction law R?
Best fit 7.472 - 0.065*Zwicker Loudness (Sones) .99@
D&H Zwicker Loudness (Sones)  7.472 - 0.065*Zwickeudness (Sones 0.994
A-weighted SPL (dBA) 40.932 - 0.440*A-weighted SRIBA) 0.980
Best fit 6.701 -0.072*Transient Loudness (Son¢ 0.671
RO Zwicker Loudness (Sones| 6.621 - 0.071*Zwicker Loudness (Sone| 0.652
A-weighted SPL (dBA) 42.251 - 0.467*A-weighted SPL (dBA) | 0.638
Best fit 66.335 - 0.710*Speech Interference (dB)0.986
- 29.138*Fluctuation Strength (vacil)
WBL - 0.089*Transient Loudness (Sones)
Zwicker Loudness (Sones) 22.000 -0.266*Zwicker droess (Sones) 0.901
A-weighted SPL (dBA) 93.423 - 1.023*A-weighted SEIBA) 0.732
Best fit 118.276 - 1.200*D-weighted SPL (dBD) 0. 976
- 0.388*Intelligibility (%)
WBQ - 2.732*Frame Kurtosis)
Zwicker Loudness (Sones| 15.143 -0.248*Zwicker Loudness (Song 0. 790
A-weighted SPL (dBA) 46.997 - 0.555*A-weighted SPL (dBA) | 0. 885

Table 1: merit prediction laws derived from “pairedmparison” with experts’ jury.

For D&H, RO and WBL, the regression coefficienti®better with the forced
regression with the Zwicker Loudness (in Sonesh thidh the A-weighted SPL (in
dBA). For WBQ, dBA gives a better fit than Zwickeoudness.

As expected, different lawnmower noise assessmeahttlaus different merit
prediction laws are obtained from drivers’ jury.

Semantic differential evaluations

Fig.6: semanti
differential voting

key-pad.

The jurors were asked to quote the sound accotdifgur groups of
opposite pairs (A / B) of semantics (here in Erigasid in French):

Pleasant /

Annoying Agréable

| Désagréablg

Smooth /

Rough Doux /

Rude

High quality / Low quality

Haute qualité / Basse glité

Powerful /

WeakPuissant /

Faibl

112

The vote consisted in scaling the sound on a sstem
scale (see Fig.6 and Table 2):
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Extremely | Very| Slightly | Neither | Slightly | Very | Extremely
A A A AorB B B B
Table 2: seven step scale for semantic differentéihg.

This time, for all 32 machines, each semantic paiese tested in 32*10
seconds (less than 6 minutes). With a little pand®etween each semantic pairs, the
4 semantic differential tests lasted a bit less thaf an hour.

Pleasant vs. All Other Semantics | Smooth vs. All Other Semantics
Smooth 0.827 Pleasant 0.827
High quality 0.704 High quality 0.883
Powerful -0.683 Powerful -0.410
High quality vs. All Other Semantic{ Powerful vs. All Other Semantics
Pleasant 0.704 Pleasant -0.683
Smooth 0.883 Smooth -0.410
Powerful -0.180 High quality -0.180

Table 3: jury of “experts”; correlation coefficieatamong the four groups
(Here, only the first semantic is used to labebitsup).

Among the four groups, “Pleasant/Annoying”, “Smad&bugh” and “High
guality/Low quality” are positively well correlategether while “Powerful/Weak”
is negatively correlated to all the others.

Not surprisingly the tightest links are betweenmit®th/Rough” and “High
quality/Low quality”, “Pleasant/Annoying” and “SmtdRough” and between
“Pleasant/Annoying” and “High quality/Low qualityThe strongest opposition arises
between “Pleasant/Annoying” and “Powerful/Weak”.

Mean Semantic Differential Scores T ioaor or Aareable vs Experts' & Neighbour's jury
Doux 0827 Semantic Differential: Ranking —+ Merits (Experts’ jury)
. < 2 2 H: i 0.704
:% : /S%Lexa}gsélgesagreable pisan 058 3 -+ Merits (Neighbours' jury) [
3 7] = 3: Haute qualité¢/Basse qualité /)a
4 : Puissant/Faible 3 2 1Decks ~*- Merits (experts &
2 g & huge neigbours)
§ 14 2
1 o
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Fig.7: example of sound ranking for all the Fig.8: sounds ranking for each of the thre
machines and for the four semantic groups types of machines (D&H, RO, WB).

PSYCHOACOQUSTIC AND NST

Through the machine NST model it is possible nolly da apply psychoacoustic
criteria on the global noise (useful for checkimg tsynthesis validity) but also to
assess the perceptive contribution of any indiMiduaise source to the overall
machine noise. If by “removing” the investigatedusz® from the global machine
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noise, the resulting noise can still be recogniaech lawnmower noise, if we can
considered that the prediction laws derived frony jvaluations are valid, then we
can compare the predicted merits to the meritsidddiaby the original machine. It

would be a mistake to apply prediction laws onvrlial noise source unless it is
highly dominant in the global machine noise. Nelvelss it is always interesting to
process the various psychoacoustic criteria ofrtdezidual noise sources and check
how they compare to their global machine noise terpart.

Walk-Behind Machines (Real vs NST)
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Fig.9: comparison Real vs NST index levels for Vé@Bimmes.

Zwicker Loudness appears more sensitive to difisenamong the various
machines but also to pick-up NST model defaults.

Zwicke
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Fig.10: comparison of Zwicker Loudness(left) andrhess (right) levels
for WB machines for the global noise and for thavidual noise sources.

Here we can track the intrinsic individual noisei®®@ characters and rank their
influence on the global machine noise. We verifieat the sound character of the
global noise is imposed by the strongest individu@ke source (see machine “a”).
On the contrary, and as expected, we can see oabthes example that the strong
sharpness of a weak individual noise source doé¢sinfloence the global noise
sharpness (see machine “b”).
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CONCLUSIONS

It has been possible to assess perceptive noisel&wnmower machines of any type
and size and to rank the machines according teepéve criteria. Jury testing gave
keys for building predictive laws that can be ug@éctly on new real machines but
also on virtual machines modeled by the NST approdte resulting tool is

promising to be a virtual prototyping method pronglboth physical and perceptive
indications of what will sound an assembly of comgrats not yet prototyped for real.
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