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Abstract

Theaimof this papers to designa generianodel
of the correlationbetweenthe noisesgenerated
by an airport’s traffic andthe anng/ancefelt by
the residents.This Atrtificial Intelligenceproject
focuseson the study of the relations between
systemsand urnvoluntary users. Beyond a mere
“noise level” — “annoyance”function, we aim
atdefiningmorepreciselythecausatelationsbe-
tweennoisecharacteristicandthe actualanng-
ance.Hence,we work bothon anng/ancecogni-
tive modelsandon noisedata.

In this paperour contribution consistsn: thede-
scriptionof the experimentalcampaignsandthe
the definition of the theoreticakools.

1 Intr oduction

Noiseinfluenceon anng/anceis awidely studied
problem.Many numericalapproachebave been
carriedonandusuallystatisticsareusedto repre-
sentgeneralperceptionof phenomengl5] (e.g.
“In contet ¢, a particularnoiseevent(n > o)dB
exasperate0% of population p”). Unfortu-
nately suchkind of informationdoesnot express
psychologicalanng/ance,nor describegshe cor
relationsbetweennoiseand discomfort. In [7],
theapproactconsistsn designingamodelbased
on physiologicalbehaior of the auditive organs.
In transporffield, noiseannganceproblemsare
identified[9], but they often dependof the con-
text [12] (due to the ground noise, traffic on
roadsfor example). Psycho-acousticesearches
shavedthatcategorisation(ability to recognizea
sound)is oppositeto continuousioiseperception
with justafew significantevents.This approach,

using cognitive scienceknowledge,seemso be
apromissingoneasa humanbeingis ableto dis-
cern - and distinguishbetween- various noise
features. In aeronautics,the control problem
evolves fasterthan planes characteristic§13],
however, companiesnodify take off/landingpro-
ceduresn orderto decreas@oiseeffects.Finally
theexisting solutionsconsistin directly reducing
the noise[8] [14]. If it is clearthat noisere-
duction (active or passve) is the simpliestway
to protectour soundervironment,the ideais to
analysemore preciselythe causallinks between
the variousparameter®f noisesandthe charac-
teristics of the resultinganngancefelt by per
sons.

The aim of this paperis to presenta global
approachbasedon a genreicframe devoted to
knowledgerepresentatioandexploration.

1.1 The conjecture and the theoretical frame

The problem adressedyy the noise/anngance
correlationquestions characterizety two main
points:- from theexperimentapointof view, dif-
ferentclasse®f datahaveto becollected(noises,
anngance expressions),- from the theoretical
point of view, a genericanalysisof thesehetero-
geneouslatahasto beperformed.Thechallenge
of thisconjecturdas summarizedby thefollowing
requirements:

(1) to provide meansto represent
within the sameframe, sets of
heterogeneougformation (nu-
merical data /symbolic knowl-
edge, objectve measurements
subjectve information...)

392.1



(2) to allow knowledge explo-
ration to be performedon them
(datamining, symbolicanalyses,
roughclassificationyulesinduc-
tion...),

(3)to design an experimental
setup so as to collect the
noise/annganceinformation.

Consideringthat the knowledge represen-
tation modelis a pivotal point in the way data
will be capturedand processedjn the sequel,
we describethe modelsdedicatedo knowledge
beforethe presentatiorof the experimentaldata
collection.

1.2 Readingguidelines

The paperdescribedoththeoreticalaspectgre-
latedto artificial intelligence)andappliedques-
tions (related to acoustic ervironment of air-
ports). Thus differentlevels of readingare re-
quired. The first section (# 2) is devoted to
thetheoreticaframefor kowledgerepresentation
andprocessingi.e: theCubemodelandtheGen-
eralizedFormal Analysis. Thenthe first exper
iments- basedupon expressedanngance- are
presentedsection# 3) andtheresultsof theirfor-
malanalyse&regiven. Thesecondyeneratiorof
experiments- basedupon the evaluation of the
cognitive performance is thendetailed(section
#4).

2 Thetheoretical frame

The CLP (Contrained Logic Programming)
is a well-known ervironmentin the Artificial
Intelligence domain and it provides a suitable
answerto the first previous requirement(1).
Thatis why in this study Prologis the standard
language.

The theoreticalbasisof CLP is predicatelogic;
the specific subspaceof predicatelogic con-
cerningconjunctionsof properties(which is the
pattern we needin our application)is called
the “Cube” modelandit is describedhereafter
Then, requirement(2) is satisfiedthanksto the

“Generalized~ormal Analysis” model.

In this section the formal definitions will be
examplified through a very simple set of noise
events.

2.1 Knowledgerepresentation

Definition A cubeis a conjunctionof first-order

logic literals. The set of cubes(C" can be

equipedwith a struture of a lattice thanksto

an extension Uz and N¢ of the classical set

operators.

Example: the cube c¢; = {Level(inf80db), Pe-

riod(Am), Annoyance(Medium)Activity({Rest, TV})}
captureghe soundlevel andthe mainanngance
characteriticsof a given subjectsubmitedto a

noiseeventdenotedi ds. If c, = {Level(inf80db),

Period(Am), Activity(Manual)} is the cube of

event Id;g, then the common featuresof both

events is captured by the cubec; Nc ¢ =

{Level(inf80db), Period(Am), Activity(V)}, while

the aggreation of both cubesis:c; Uc Cco =

{Level(inf80db), Period(Am), Annoyance(Medium),
Activity({Rest, T\Wanual})}

Thus, considering simultaneously different

events,we cananalysethe correlationsbetween
their cubes. Sucha setof eventis a context.

As an example, let us considerthe very simple

context:

Activity Annoyance | Period| Level
ld1 rest high am inf80
Id3 intell, rest | low, medium| am | sup80
Id5 tv, rest medium am inf80

Id16 manual low am inf80
1d20 || rest,outside low pm inf80

Definitions Such a table can be formally
defined: a context is a pair (O,&) whereO is
finite setof objects,and§ is a mappingfrom O
onto C". Eachobjecto in O hasoneandonly one
image p = &(0) in C" which representghe set
of propertiesof o. The dual operator@ and

El betweerD and§(O) aredefinedby: A’ =get
Neoea&(0i) B° =gef {0 € OB <c&(0i)}.
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A is the set of attributes commonto all the
objectsin A, and B° is the set of the objects
possessintheir attributesin B.

2.2 Knowledgeexploration

As we have to determinethe links between

subgroup®f eventandthe propertieghey share,
we can definethe generalisecconceptsas pairs
of correlatedobjects (events) and their typical
properties:

Definitions A generalized concept is a pair
(A,B) AC O, Be (" suchthat: A’ =B and
B°=A.

Thesetof all generalisedonceptsiefinedoy the
contet (O, &) is denotedas andit verifies:
Theorem defining: U (supremumand i (infi-
mum)on £ asfollows:

(A1,B1) LI (A2, B2) =def ((A1UA2)"®,B1NcBy)
(A1,B1) M (A2,B2) =det (A1N A2, (B1UcB2)°’)
We have: (L1U,M) is alattice.

Back to our example, such a diagram
representshe symbolic dispersion(a kind of
symbolicgaussiarcurve) of the knowledgeasit
is structuredn thelattice £:

Each node is a generalizedconcept, i.e.
a stable couple (evers, feaures and two
conceptshave a supremumand an infimum. A
givenconcept® inheritsall the propertiesvhich
are linked above it in the diagramand @ is
constitutedof all the events which are linked
below it. For example:concept® is: ({id16, id3},
{Annoyance(low),Period(am), Level(V2), Activity(V3)}).
® is the “class” of all eventsthat looks like
id16 and id3, characterizedby the fact that
they occurredin the morning andthey inducea
weak anngyancewhile activity and soundlevel
were undefined(thus they are representedby
variables).
Thus, the top-dowvn subtree representsthe
emepgent contextual classificationof the events
thanksto the labelling properties. The more
events there are, the less characteristicsthey
share and corversely The relation between

D S

outside
afternoon

Fig. 1 Dataextractionprotocol

comparableconceptsvorks like communicating
vessels.

Sucha flexible self-emegentclassificationsuits
our problem of amorphousknowledge mining.
Indeed, thanksto the implementationof FGA,
the context and the conceptlattice can be con-
sideredasa global PrologknowledgebaseC U L
on which knowledge exploration experiments
are performed. In particular the knowledge
baseCUL is usedso asto look for contetual
dependencief.e. rules)betweeneitherobjects
or attributes. The inductionof the context-based
rulesrelieson a fundamentalemma: (VA € P),
= (A— (A" =A)). Thanksto this result, a
contet rule generatorbasedon a simple satu-
ration algorithmwasimplemented. It allows to
induceall the contetual rules generatedy the
consideredevents. For example, the following
rule canbeformally derivedfrom our context:

(Level(inf80) A Activity(rest) A Period(am))
— Annoy(x)x € {medium,low}

Which meansthat“If aneventoccursin the
morningandduringrest,evenif the soundlevel
is lessthan80 dB, the personfeelsanannyance
(atleastatamediumlevel)”.
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Thesddifferentcapabilitiesof knowledgemining
andrulesinductionarestill understudy

3 Experimental data collection

3.1 Intr oduction

Givenanairportandriparianpersonsif we want
to understandhe correlationsbetweerthe noise
generatedby the aircrafts and the anng/ance
whichis inducedamongthe populationwe need
actualdatato becollected.

As we try to designa global causalmodel, our
objectve is not to find a new physiologicalra-

tio. We have alsoto definea psychologicalan-
noyancecognitive model[5], keepingthe cause
multiplicity andthe actualyfelt anngyancehet-
erogeneousspects. Moreover, at eachstep of

our project,we try to reveal the actuallinks be-
tweennoiseparameterandanngancecharacter
istics. Thusthe informationandthe correlation
modelhaveto besimplifiedin afirst stepandthen
they arehardlyenriched.

3.2 Contextof the study

The noise / anngance correlations study is
within a prospectre framavork of an ON-
ERA federatve project named“Airport of the
Futur” (“Aéroport du Futur’). A project
presentationis available on our web site :
http://www.cert.fr/en/dprs/actites/adf/ Our
taskconsistan studyinganngancecriteriasand
in linking themto noisecharacteristic§3], [4].

3.3 Experimental protocol

Theaimof ourexperimentss to try to designand
validatethe methodology On the otherhand,we
collectedcorrelatedsetsof data:noisyeventsand
simultaneousnngancecharacteristicsThe ex-
perimentookplaceonthemay 29" 1999 from 6
a.m.to 9 p.m. aroundToulouseBlagnacAirport.
A zonewas choosenin a significantareanear
thethetracks’axisof theairport. A centralpoint
wasequipedwith anoiserecordemhile approxi-
matywely 15 selectedrolontarypersonsliving in
aradiusof 5 Km aroundtherecordingpoint,were

asledtofill aquestionnaireEachtime anaircraft
wasaudible,predefinedtemsandfree fields al-
lowed the volonteersto expressvariousfeatures
of anng/ance.The questionnairesverecollected
onedayafterandtranslatedn aprologdatabase.
Theacoustiadevice were

e TapeRecordelV NAGRASJ
e PreamplifieBK 2619
e microphoneBK4165

The objective is to record aeronefs’movments
within naturalhumanernvironment. The record-
ing wascontinuousn orderto notloosetemporal
reference.The datatapeswere postprocessesio
asto extractthe significantvalue; mary of them
arenotyetrelevant(technicalmotor characteris-
tics...)andin thisfirst campaigrwe justtookinto
accounfour noiselevelsin dB.
It seemsto be the first time thesetwo kinds of
data were recordedreally simultaneously In-
deed,we madea directlink betweeneachnoisy
eventandpinpointannyanceexpressionsGen-
erally, so-callednoise-annganceevaluationare
merelinks betweenaveragenoisevalues(mea-
suredat time t) and a vaguediscomfortexpres-
sions(timet’)*.
Thus,for eachevent(anaircraftflight) timeis the
fundamentajoin parametebetweerthetwo sets
of data.

Theacoustigpeaceof equipmentre:

e RecordingapeNAGRAIVSJ

e PreamplifieBK 2619

e microphoneBK4165

The objective is to record aeronefs’ mov-
mentswithin natural humanenvironment. We

recordedcontinuouslyin orderto notloosetem-
poralreference.

IMoreover we discoreredthat the smallesttime devi-
ation betweenmeannoise measurementand anng/ance
polls,was: |t —t| = 6 months
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3.4 Data Acquisition

This part focuseson relevent noise characteris-
tics extractionfrom analogicalrecording. These
characteristicareto connectedo the residents’
annganceexpressesvho participatein this op-
eration.

3.4.1 Noiseparametes extraction

Successie stagesare necessaryto extract nois
characteritics

e analogicakecordinggeading;

e signalprocessingvith a Dual ChanelSig-
nal Analyzer2032type, Briel&Kjaer;

e acquisitiononacomputemwith StarAcous-
tique Software;

e datarecordingwith Excel Software

Noises IV NAGRA SJ Analogical
signals

Star Acoustique Numerical
software data

Analyser

Noise
charateristics

Fig. 2 Dataextractionprotocol

3.4.2 Annoyanceharacteristicsextraction

To expressfor the bestthe residentanngance
feeling, we createa questionnairen which each
person can describe noisy events conditions.
Hencewe have to know :

e thepersons actvity;
e hissafetyervironment;
e asimplequalifiquyingof anng/ance;

e othersourcesof distressingnoises(differ-
entto aircaftss noise);

e ary othercomment(in afreecase).

3.5 Data processingand rules production

The aim objectwve is to build a databaseimple-
mentedin Prolog; in factin CLP (Constrained
Logic Programming)which allows to express
propertiesandnumericalcontraints. The knowl-
edgeis capturedandstructuredasfollows:

¢ thesetof noisyeventcharacteristics:

o time (which we can aggreate by periods:
morning,afternoongvening,night),

o noisecharacteristicgnoiselevel in dBA for ex-
ample,frequengy, duration,numberof previous
noisyevents);

¢ the setof thehumanfeatures:

o theperson,

o hisactwities,

o his noisy ervironment (describedby noisy
eventswhich arenotaircraftones),

o his safetyervironment(did sheor he seethe
plane?),

o his anngance expression (weak, medium,
strong,very strong).

3.5.1 Prolog baseconstruction

Dataprocessingrocessuss madeof successie
stagedaginningwith recordingof two databases
(the first one for the noise events,and the sec-
ond onefor the anngyanceexpressions).These
basesonstitutethe context which Formal Anal-
ysis processes.A Prolog programcorverts the
basesnto contet. Hence from the context, A.F.
find noiseeventssub-setsand produceinference
rules.

Annoyance
- Formalisation PROLOG
Expression Moes

Fig. 3 Frominformationto correlations

3.5.2 CubicalFormal Analysis

The propertiesof eachbase(nhoise and anngy-
ance)arecapturedoy predicatesin this context,
two kinds of dataareconsidered:
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e Objectvedata

— thesetof persons;

— the periodof the day whenthe noise
occured;

— acoustidevelsof theevents;
— personsactity.

e Subjectve data

— anngance expressionsof persons
who answered

3.6 Example

The rate of well-recordedflight, with regard
to onespotentially recordable,is weak (about
10 %). This weak ratio can be explained by
tha bad meteorologicalconditions. The actual
databasés constitutedby 12 noiseeventsand16
annganceexpressions.

eNoiseeventsbase:

ev(idl, 0652,59,44,57,50)

ev(id2, 0702, 42, 36, 40, 42)
ev(id3,0712, 68, 50, 65, 55)

ev(i d4, 0804, 69, 50, 66, 55)

ev(i d5, 1050, 68, 48, 66, 55)
ev(ide6, 1156, 63, 4760, 51)
ev(id7, 1309, 76, 48, 75, 57)

ev(i d8, 1350, 73, 45, 72, 56)
ev(id9, 1413, 53, 43, 49, 47)
ev(idl0, 1514, 58, 46, 51, 47)
ev(idll, 1600, 60, 46, 56, 50)
ev(idlz, 1620, 52, 38, 51, 46)

Thepredicatesv parametersire:

e theevent'sidentifier;

thetime of theevent;

the global noiselevel (in dBA) in the O-
3200Hz spectrum

the averagenoiselevel (in dBA) in the O-
3200Hz spectrum

the global noiselevel (in dBA) in the O-
1000Hz spectrum

e the averagenoiselevel (in dBA) in the 0-
1000Hz spectrum

We cannoticethata lot of acousticgatioswere
proposedor acousticmeasurmentsA synthetic
documentvaswritten [2] to shav them,in order
to choosewell appropriate.
Remark: In the 0-1000Hz spectrum,we can
obsene the two significantwaveletsof aircrafts
noise.
The“human”databaseescribepersonsac-
tivities and felt anng/ance.Theunidentification
of the personss proceededhanksto denotations
beginningby X.
base( Xx,id3, <act(rest),
wi n(cl os), seen(no),
ann( nmedi um >)
base( Xy, idl, <act(rest),
wi n(cl os), seen(no),
fly(loff), ann(high)>)
base( Xy, id2, <act(rest),
wi n(cl os), seen(no),
fly(loff), ann(nediunj>)

base( Xy, i d3, <act(rest),
wi n(cl os), seen(no),
fly(loff), ann(nmediunj>)
base( Xy, id4, <act(tv),
wi n(cl os), seen(no),
fly(loff), ann(low)>)
base( Xy, id7, <act(air),
act(rest), seen(no),
fly(loff), ann(low)>)

base( Xy, i d10, <act(air),
act (manual ), seen(yes),
fly(loff), ann(nediunj>)

base( Xz, id4, <act(rest),
wi n(open), seen(no),
fly(loff), ann(high)>)

base( Xz, i d5, <act(nmanual),
seen(no), fly(loff),
ann(| ow) >)

base( Xz, i d6, <act(nmanual),
seen(yes), fly(loff),
ann( | ow) >)

base( Xz, id9, <act(manual),
wi n(open), seen(no),
fly(loff), ann(high)>)

base(Xt,id8, <act(nmanual),
seen(yes), ann(nediunj>)

base( Xu, i d3, <act(rest),
wi n(cl ose), seen(no),
fly(loff), ann(low)>)

base(Xu, idll, <act(tv),
wi n(open), seen(no),
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fly(loff), ann(nedium >)
base(Xv,id3, <act(intell),

wi n(open), seen(no),

fly(loff), ann(low)>)
base( Xv, i d10, <act(intell),

act (manual ), wi n(clos),

seen(no), fly(loff),
ann(| ow) >)

Remark: the disparity betweenopinionsof
residentgut troughnoise. An eventcaninvolve
from 1 to 6 anngyancereactions.

Prolog databaseconstructionallows us to
have thefollowing context :

Period| NivG | NivM | NivIG | NivIM
idl am low med low med
id2 am low low low low

id3 am med | med | med med
id4 am med | med | med med
id5 am med | med | med med
id6 am med | med | med med
id7 pm high | med | high med

id8 pm high | med | high med
id9 pm low med | low med
id10 pm low med | low med
id11 pm high | high | med med
id12 pm high | low low low
Activity Ann
id1 rest,win(clos) high
id2 rest,win(clos) med
id3 || intell, rest,win(open)| med
id4 tv, rest high
id5 manual
id6 manual
id7 plein-air rest
id8 manual med
id9 manualwin(open) | high
plein-alif
id10 win(clos) med
intell, manual
id11 tv, , win(open) med
id12 manual

The conceptlattice contains 123 concepts
(thusit’s diagrammis not developpedhere)and
constitutesa analysis. Thanksto the knowledge
inductionmechanisnof Formal Analysis, some

D S

rulesareinduced:

There is a very large spectrumof differ-
ent concepts(the conceptlattice contains123
items) on which we can processa microscopic
analysis of the different noise events, their
conditions,. Nevertheless,it appearsthat no
significantnor regular macroscopicoutline can
be formaly derived from this set (nor from the
pre-perimentaldata we collected before the
main campaign). derve macroscopic main
outlineg. This first experimentalcampaignand
its analysisconfirmedthe resultsof large scale
studies(seenext section)accordingto which in
noise/annganceanalysis,no sgnificantfeature
canbe proved. This led us to designa second
experimentcampaigrpresentedhereafter
Neverthelessthanksto the knowledgeinduction
mechanisnof Formal Analysis,mary contectual
rulescanbederved,e.qg:

Ann(high)— NivIM(med)
Ann(high)— NivM(med)
NivIG(high) <+ Period(pm)
Activ(win(open))}— Ann(x)

This kind of causalrelations confirm intuition
and the rule generationmechanismstandsas a
fundamentalknowledge mining tool whic has
beenvalidatedby this experiment.

One of the conclusionsof this first experi-
mentrelieson thefactthatsubjectve anng/ance
andits consequencesiustbe differently; objec-
tively and more preciselydescribedf an infor-
mative analysisof the effectsof noiseuponsub-
jectshasto beachieved. Theideais to capturean-
noyancecharacteristicasmeasurabléeaturesof
the cognitive performancef the subject. Thanks
to a collaborationwith Inserm,we designa sec-
ondgeneratiorof experimentsan which discom-
fort of the subjectis consideredand measured)
in termsof reasoningability.

2in otherwords: our dataanalysisshovedthat“the sig-
nal remainshiddenwithin the groundnoise”
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4 Cognitive basedExperiments

Different studies about anng/ance in differ-
ent airports’ vincinities have been carried on;
for example, Pr. Coblenzs team from LAA
(Applied Anthropology Laboratory Paris) has
beenstudyingthe dynamicsof the medicalacts
(i.e: medicamentzonsumptionsconsultations)
aroundCharles-de-Gaullairportsince1965][6].
This work allows to concludethat the felt an-
noyanceis sunjectve and adaptatire: no medi-
cal effect can be significantly measuredafter at
leastoneyeaP. Our resultsconfirmsthis hypoth-
esisas far as no significantrelation can be de-
rivedfrom ary analysidhaseduponthesubjectve
expressionof anng/ance. Consequentlythe ex-
pressionof anngancewill be describedhrough
thedecreasingf measurabl@sa cognitive abil-
ities[1].

This secondexperimentalcampaignaims at
evaluatingthe reasonningerrorsdueto noise. In

this protocol, after classicalneuropsychological

tests,the subjecthasto reactto differentsitua-
tionsin a dynamicervironment[11]. Eachtest
sequencés about2 hourslong. Ontheonehand,
resultsareprocessedvith statisticanodelsby an
Insermteamwhile on the otherhandwe useour
qualitatve approachbasedon Formal Analysis.
The experimentsarestill goingon (from May to
SeptembeR000). A first setof resultsis sim-
plified andpresentedh thislastpartof thispaper

The contexte

It's an 5 humansubjectsobsenation. Thereare
threeageintenvals (11, 12, 13), they canbe male
(ma)oufemale(fe). Thesepersongpassedanol
Tower test(Ha), Trail Making Test(tmt), Stroop
test(Str) duringwhich we measuredime. They
alreadypasseéWharpstest(Wa). The resultsof
theexaminationcanbefail (Fa) or succesgSu).
Two ervironmentsarepossibleto passheseests
: aquietone(qu) or a noisy one(no). Thedata
in capturedn thefollowing table:

3Pr. Coblenz'work allowed to refute mary totally bi-
asedstudiesfor exampletrying to statethat noisearound
someUS airportshad biological consequencespon new
bornchildren.

C || age]| left-handler| sex
Siif 1 . ma
Sji2| I1 ma
Si3 || 12 . fe
Sjd || 13 fe
Si5|| 13 fe

Personalkharacteristicof the subjectscon-
text.

4 Ha | Wa| Tmt Str No | SQu
Sj1|| 70,Su | Su | 65,Fa | 290,Su| e
Sj2 || 100,Su| Fa | 64,Fa | 350,Fa | e
Sj3 || 60,Su | Su | 67,Su| 300,Su °
Sj4 || 80,Su | Fa | 70,Su| 300,Su| e
Sj5 || 65,Su | Su | 62,Su| 290,Su °

Subjectsability context.
The context generate®2 concepts Thela-
belledlattice is :

Fig. 4 Lattice

As explainedsection#2, this lattice allows to
formally derive a setof contextual rules. Here,
thefollowing relationsareproved:

e Ruleswhich expresslinks betweenability
andnoiselevel:
Qu— Str(.,Su)
Qu — Tmt(.,Su)
Qu— Wa(Su)
Str(.,Fa) —» No
Tmt(.,Fa) — No
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Wa(Fa) — No

e Ruleswhich expresslinks betweenabili-
ties:
Wa(Su)— Str(.,Su)
Tmt(.,Su)— Str(.,Su)

e Rules which expresslinks betweenper
sonalcharacteristicandability:
left-handler— Wa(Su)
sex(ma)— Tmt(.,Fa)
sex(fe) — Tmt(.,Su)
sex(fe)— Str(., Su)

Extension: constrained rules production
The constrainedcubical Formal Analysis, a
specific case of GeneralisedFormal Analysis
which is currently under study allows yet to
perform symbolic information and numerical
constraintson variable. The following rule can
bededuced

Wa(Fa) — {Str(x,.), x<300}

The combination of numerical constraints
and logical representatiorof knowledgeis the
currentresearctstudy

5 Conclusion

If the biological relations betweennoise and
physiological relations are covered by a large
amountof studies- thanksto which the various
criteria dB, dBA,.. were defined-, the simul-

taneous analysis of noise and psychological
anngance is little or none formally studied
yet. Our approachaims at designinga generic
causalmodel of the correlationsbetweennoise
and anng/ance. Hence, Formal Analysis as
symbolic knowledgeexplorationtool, allows to

processthe experimentalresultswhithout extra

hypothesis.Indeed,if the ability of the persons
can be measuredas numericalscore (duration,
rate...),it appeargnore informative to take into

accountthe symbolic representation®f these
praxiesthanksto the constrainedcubesmodel

D S

[10].

Studiesare going on aboutrules production,in
orderto proposea classificationof them. Hence,
we will beableto upgraderulesbasednalarge
partof objectsandto downgraderulesprocessed
with aobjectsminority.

From the appliednoise/anngancequestion,
the first experimentalcampaignconfirmedin a
symbolicway, the classicalresults. The second
campaignallows to foreseea first setof results
of the measurabl@enngancein termsof cogni-
tive performanceandits comparisonsvith med-
ical diseasegparkinson)and also mentalwork-
loadeffects.
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