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Abstract

Theaimof thispaperis to designagenericmodel
of the correlationbetweenthe noisesgenerated
by an airport’s traffic andthe annoyancefelt by
theresidents.This Artificial Intelligenceproject
focuseson the study of the relations between
systemsandunvoluntaryusers. Beyond a mere
“noise level” � “annoyance” function, we aim
atdefiningmorepreciselythecausalrelationsbe-
tweennoisecharacteristicsandtheactualannoy-
ance.Hence,wework bothon annoyancecogni-
tivemodelsandon noisedata.
In thispaper, ourcontributionconsistsin: thede-
scriptionof the experimentalcampaignsandthe
thedefinitionof thetheoreticaltools.

1 Intr oduction

Noiseinfluenceonannoyanceis awidely studied
problem.Many numericalapproacheshave been
carriedonandusuallystatisticsareusedto repre-
sentgeneralperceptionof phenomena[15] (e.g.
“In context c, a particularnoiseevent

�
n � σ � dB

exasperates60% of population p”). Unfortu-
nately, suchkind of informationdoesnotexpress
psychologicalannoyance,nor describesthe cor-
relationsbetweennoiseanddiscomfort. In [7],
theapproachconsistsin designingamodelbased
on physiologicalbehavior of theauditiveorgans.
In transportfield, noiseannoyanceproblemsare
identified[9], but they often dependof the con-
text [12] (due to the ground noise, traffic on
roadsfor example). Psycho-acousticresearches
showedthatcategorisation(ability to recognizea
sound)is oppositeto continuousnoiseperception
with just a few significantevents.Thisapproach,

usingcognitive scienceknowledge,seemsto be
apromissingoneasahumanbeingis ableto dis-
cern - and distinguishbetween- variousnoise
features. In aeronautics,the control problem
evolves faster than plane’s characteristics[13],
however, companiesmodify takeoff/landingpro-
ceduresin orderto decreasenoiseeffects.Finally
theexistingsolutionsconsistin directly reducing
the noise [8] [14]. If it is clear that noise re-
duction (active or passive) is the simpliestway
to protectour soundenvironment,the ideais to
analysemorepreciselythe causallinks between
thevariousparametersof noisesandthecharac-
teristicsof the resultingannoyancefelt by per-
sons.
The aim of this paper is to presenta global
approachbasedon a genreicframe devoted to
knowledgerepresentationandexploration.

1.1 The conjectureand the theoretical frame

The problem adressedby the noise/annoyance
correlationquestionis characterizedby two main
points:- from theexperimentalpointof view, dif-
ferentclassesof datahaveto becollected(noises,
annoyanceexpressions),- from the theoretical
point of view, a genericanalysisof thesehetero-
geneousdatahasto beperformed.Thechallenge
of thisconjectureis summarizedby thefollowing
requirements:

(1) to provide meansto represent
within the sameframe, sets of
heterogeneousinformation (nu-
merical data /symbolic knowl-
edge,objective measurements/
subjective information...)
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(2) to allow knowledge explo-
ration to be performedon them
(datamining,symbolicanalyses,
roughclassification,rulesinduc-
tion...),

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

Considering that the knowledge represen-
tation model is a pivotal point in the way data
will be capturedand processed,in the sequel,
we describethe modelsdedicatedto knowledge
beforethe presentationof the experimentaldata
collection.

1.2 Readingguidelines

Thepaperdescribesboth theoreticalaspects(re-
latedto artificial intelligence)andappliedques-
tions (related to acoustic environment of air-
ports). Thus different levels of readingare re-
quired. The first section (# 2) is devoted to
thetheoreticalframefor kowledgerepresentation
andprocessing,i.e: theCubemodelandtheGen-
eralizedFormal Analysis. Then the first exper-
iments- baseduponexpressedannoyance- are
presented(section# 3) andtheresultsof theirfor-
malanalysesaregiven.Thesecondgenerationof
experiments- basedupon the evaluationof the
cognitive performance- is thendetailed(section
# 4).

2 The theoretical frame

The CLP (Contrained Logic Programming)
is a well-known environment in the Artificial
Intelligencedomain and it provides a suitable
answer to the first previous requirement(1).
That is why in this study, Prologis the standard
language.
The theoreticalbasisof CLP is predicatelogic;
the specific subspaceof predicate logic con-
cerningconjunctionsof properties(which is the
pattern we need in our application) is called
the “Cube” model and it is describedhereafter.
Then, requirement(2) is satisfiedthanksto the

“GeneralizedFormalAnalysis” model.
In this section the formal definitions will be
examplified througha very simple set of noise
events.

2.1 Knowledgerepresentation

Definition A cube is a conjunctionof first-order
logic literals. The set of cubes

��� r can be
equipedwith a struture of a lattice thanks to
an extension � c and � c of the classical set
operators.
Example: the cube c1 = {Level(inf80db), Pe-
riod(Am), Annoyance(Medium),Activity({Rest,TV})}
capturesthesoundlevel andthemainannoyance
characteriticsof a given subjectsubmitedto a
noiseevent denotedId5. If c2 = {Level(inf80db),
Period(Am), Activity(Manual)} is the cube of
event Id16, then the commonfeaturesof both
events is captured by the cube:c1 � c c2 �
{Level(inf80db), Period(Am), Activity(V)}, while
the aggregation of both cubes is:c1 � c c2 �
{Level(inf80db), Period(Am), Annoyance(Medium),
Activity({Rest,TV,Manual})}
Thus, considering simultaneously different
events,we cananalysethe correlationsbetween
their cubes. Such a set of event is a context.
As an example, let us considerthe very simple
context:

Activity Annoyance Period Level
Id1 rest high am inf80
Id3 intell, rest low, medium am sup80
Id5 tv, rest medium am inf80
Id16 manual low am inf80
Id20 rest,outside low pm inf80

Definitions Such a table can be formally
defined: a context is a pair

�
O 	 ξ � whereO is

finite setof objects,andξ is a mappingfrom O
onto

� r . Eachobjecto in O hasoneandonly one
image p � ξ

�
o� in

� r which representsthe set

of propertiesof o. The dual operators ’ and

betweenO andξ

�
O� aredefinedby: A� � def

� c oi � A ξ
�
oi � B
 � def � oi � O � B � c ξ

�
oi ��� .
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A� is the set of attributes common to all the
objects in A, and B
 is the set of the objects
possessingtheirattributesin B.

2.2 Knowledgeexploration

As we have to determine the links between
subgroupsof eventandthepropertiesthey share,
we candefinethe generalisedconceptsaspairs
of correlatedobjects (events) and their typical
properties:
Definitions A generalized concept is a pair�
A 	 B� A � O 	 B � � r such that: A� � B and

B
 � A.
Thesetof all generalisedconceptsdefinedby the

context
�
O 	 ξ � is denotedas � 1 andit verifies:

Theorem defining: � (supremum)and � (infi-
mum)on � 1 asfollows:�
A1 	 B1 ��� �

A2 	 B2 � � def
���

A1 � A2 � � 
�	 B1 � c B2 ��
A1 	 B1 ��� �

A2 	 B2 � � def
�
A1 � A2 	 � B1 � c B2 ��
 � �

Wehave:
� � 1 ��	���� is a lattice.

Back to our example, such a diagram
representsthe symbolic dispersion(a kind of
symbolicgaussiancurve) of theknowledgeasit
is structuredin thelattice � 1:

Each node is a generalizedconcept, i.e.
a stable couple

�
events	 f eatures� and two

conceptshave a supremumandan infimum. A
givenconcept� n inheritsall thepropertieswhich
are linked above it in the diagramand � n is
constitutedof all the events which are linked
below it. For example:concept� 6 is: ({id16, id3},

{Annoyance(low),Period(am), Level(V2), Activity(V3)}).
� 6 is the “class” of all events that looks like
id16 and id3, characterizedby the fact that
they occurredin the morningandthey inducea
weak annoyancewhile activity and soundlevel
were undefined(thus they are representedby
variables).
Thus, the top-down subtree represents the
emergent contextual classificationof the events
thanks to the labelling properties. The more
events there are, the less characteristicsthey
share and conversely. The relation between

14 16 15 17 18

19

8 10 6 11 13

7 912 3

2 1 4

5

id1 id3id5 id16 id20

sup80
intell

outside
tv

medium

manual afternoonhigh

morning rest

low

inf80

Fig. 1 Dataextractionprotocol

comparableconceptsworks like communicating
vessels.
Sucha flexible self-emergentclassificationsuits
our problem of amorphousknowledge mining.
Indeed, thanksto the implementationof FGA,
the context and the conceptlattice can be con-
sideredasa globalPrologknowledgebaseC � L
on which knowledge exploration experiments
are performed. In particular, the knowledge
baseC � L is usedso as to look for contextual
dependencies(i.e. rules)betweeneitherobjects
or attributes.Theinductionof thecontext-based
rulesrelieson a fundamentallemma:

� �
A � P� ,

� � �
A � �

A�!�#" A�$� . Thanks to this result, a
context rule generatorbasedon a simple satu-
ration algorithmwas implemented.It allows to
induceall the contextual rulesgeneratedby the
consideredevents. For example, the following
rule canbeformally derivedfrom our context:

(Level(inf80) % Activity(rest) % Period(am))� Annoy(x)x � {medium,low}

Which meansthat “If an event occursin the
morningandduring rest,even if thesoundlevel
is lessthan80 dB, thepersonfeelsanannoyance
(at leastat amediumlevel)”.

392.3



MARC BOYER , LAURENT CHAUDRON

Thesedifferentcapabilitiesof knowledgemining
andrulesinductionarestill understudy.

3 Experimental data collection

3.1 Intr oduction

Givenanairportandriparianpersons,if wewant
to understandthecorrelationsbetweenthenoise
generatedby the aircrafts and the annoyance
which is inducedamongthepopulation,weneed
actualdatato becollected.
As we try to designa global causalmodel, our
objective is not to find a new physiologicalra-
tio. We have also to definea psychologicalan-
noyancecognitive model [5], keepingthe cause
multiplicity and the actualyfelt annoyancehet-
erogeneousaspects. Moreover, at eachstepof
our project,we try to reveal the actuallinks be-
tweennoiseparametersandannoyancecharacter-
istics. Thus the informationandthe correlation
modelhaveto besimplifiedin afirst stepandthen
they arehardlyenriched.

3.2 Context of the study

The noise / annoyance correlations study is
within a prospective framework of an ON-
ERA federative project named“Airport of the
Futur” (“Aéroport du Futur”). A project
presentationis available on our web site :
http://www.cert.fr/en/dprs/activites/adf/. Our
taskconsistsin studyingannoyancecriteriasand
in linking themto noisecharacteristics[3], [4].

3.3 Experimental protocol

Theaimof ourexperimentsis to try to designand
validatethemethodology. On theotherhand,we
collectedcorrelatedsetsof data:noisyeventsand
simultaneousannoyancecharacteristics.Theex-
perimenttookplaceonthemay29th 1999,from 6
a.m.to 9 p.m. aroundToulouseBlagnacAirport.
A zone was choosenin a significant areanear
thethetracks’axisof theairport. A centralpoint
wasequipedwith anoiserecorderwhile approxi-
matyvely 15selectedvolontarypersons,living in
aradiusof 5 Km aroundtherecordingpoint,were

askedto fill aquestionnaire.Eachtimeanaircraft
wasaudible,predefineditemsandfree fields al-
lowed the volonteersto expressvariousfeatures
of annoyance.Thequestionnaireswerecollected
onedayafterandtranslatedin aprologdatabase.
Theacousticdevicewere

& TapeRecorderIV NAGRA SJ

& PreamplifierBK 2619

& microphoneBK4165

The objective is to record aeronefs’movments
within naturalhumanenvironment. The record-
ing wascontinuousin orderto not loosetemporal
reference.Thedatatapeswerepostprocessedso
asto extract thesignificantvalue;many of them
arenot yet relevant(technicalmotorcharacteris-
tics...)andin thisfirst campaignwejust tookinto
accountfour noiselevelsin dB.
It seemsto be the first time thesetwo kinds of
data were recordedreally simultaneously. In-
deed,we madea direct link betweeneachnoisy
eventandpinpointannoyanceexpressions.Gen-
erally, so-callednoise-annoyanceevaluationare
merelinks betweenaveragenoisevalues(mea-
suredat time t) anda vaguediscomfortexpres-
sions(time t � )1.
Thus,for eachevent(anaircraftflight) timeis the
fundamentaljoin parameterbetweenthetwo sets
of data.

Theacousticpeaceof equipmentare:

& RecordingtapeNAGRA IVSJ

& PreamplifierBK 2619

& microphoneBK4165

The objective is to record aeronefs’mov-
mentswithin natural humanenvironment. We
recordedcontinuouslyin orderto not loosetem-
poralreference.

1Moreover we discoveredthat the smallesttime devi-
ation betweenmeannoisemeasurementsand annoyance
polls,was: ' t (�) t '+* 6 months!
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3.4 Data Acquisition

This part focuseson relevent noisecharacteris-
tics extractionfrom analogicalrecording.These
characteristicsareto connectedto the residents’
annoyanceexpresseswho participatein this op-
eration.

3.4.1 Noiseparametersextraction

Successive stagesare necessaryto extract nois
characteritics:

& analogicalrecordingsreading;

& signalprocessingwith a Dual ChanelSig-
nal Analyzer2032type,Brüel&Kjaer;

& acquisitiononacomputerwith StarAcous-
tiqueSoftware;

& datarecordingwith ExcelSoftware

IV NAGRA SJ AnalyserNoises
signals

Analogical

data
NumericalStar Acoustique

software

Noise
charateristics

Fig. 2 Dataextractionprotocol

3.4.2 Annoyancecharacteristicsextraction

To expressfor the best the residentannoyance
feeling,we createa questionnairein which each
person can describe noisy events conditions.
Hencewehave to know :

& theperson’sactivity;

& his safetyenvironment;

& a simplequalifiquyingof annoyance;

& othersourcesof distressingnoises(differ-
entto aircafts’snoise);

& any othercomment(in a freecase).

3.5 Data processingand rules production

The aim objective is to build a databaseimple-
mentedin Prolog; in fact in CLP (Constrained
Logic Programming)which allows to express
propertiesandnumericalcontraints.Theknowl-
edgeis capturedandstructuredasfollows:& thesetof noisyeventcharacteristics:, time (which we can aggregate by periods:
morning,afternoon,evening,night),, noisecharacteristics(noiselevel in dBA for ex-
ample,frequency, duration,numberof previous
noisyevents);& thesetof thehumanfeatures:, theperson,, his activities,, his noisy environment (describedby noisy
eventswhich arenotaircraftones),, his safetyenvironment(did sheor he seethe
plane?),, his annoyance expression (weak, medium,
strong,verystrong).

3.5.1 Prolog baseconstruction

Dataprocessingprocessusis madeof successive
stagesbeginningwithrecordingof two databases
(the first one for the noiseevents,and the sec-
ond onefor the annoyanceexpressions).These
basesconstitutethecontext which FormalAnal-
ysis processes.A Prolog programconverts the
basesinto context. Hence,from thecontext, A.F.
find noiseeventssub-setsandproduceinference
rules.

Questionnaire Formalisation

Formalisation

Correlations
Formal
Analysis

Base

PROLOG

Base
PROLOG

Characteristics

Noise

Expression

Annoyance

Acquisition /
processing
protocol

Noises

Annoyance

Fig. 3 Frominformationto correlations

3.5.2 CubicalFormalAnalysis

The propertiesof eachbase(noiseand annoy-
ance)arecapturedby predicates.In this context,
two kindsof dataareconsidered:
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& objectivedata

– thesetof persons;

– the periodof theday whenthe noise
occured;

– acousticlevelsof theevents;

– persons’activity.

& Subjectivedata

– annoyance expressions of persons
whoanswered

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
databaseis constitutedby 12 noiseeventsand16
annoyanceexpressions.& Noiseeventsbase:
ev(id1, 0652,59,44,57,50)

ev(id2, 0702,42,36,40,42)

ev(id3,0712,68,50,65,55)

ev(id4,0804,69,50,66,55)

ev(id5,1050,68,48,66,55)

ev(id6,1156,63,4760,51)

ev(id7,1309,76,48,75,57)

ev(id8,1350,73,45,72,56)

ev(id9,1413,53,43,49,47)

ev(id10,1514,58,46,51,47)

ev(id11,1600,60,46,56,50)

ev(id12,1620,52,38,51,46)

Thepredicateev parametersare:

& theevent’s identifier;

& thetimeof theevent;

& the global noise level (in dBA) in the 0-
3200Hz spectrum

& the averagenoiselevel (in dBA) in the 0-
3200Hz spectrum

& the global noise level (in dBA) in the 0-
1000Hz spectrum

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

We cannoticethata lot of acousticsratioswere
proposedfor acousticmeasurments.A synthetic
documentwaswritten [2] to show them,in order
to choosewell appropriate.
Remark: In the 0-1000Hz spectrum,we can
observe the two significantwaveletsof aircrafts
noise.

The“human”databasedescribespersons’ac-
tivities and felt annoyance.Theunidentification
of thepersonsis proceededthanksto denotations
beginningby X.

base(Xx,id3, <act(rest),
win(clos), seen(no),
ann(medium)>)

base(Xy,id1, <act(rest),
win(clos), seen(no),
fly(loff), ann(high)>)

base(Xy,id2, <act(rest),
win(clos), seen(no),
fly(loff), ann(medium)>)

base(Xy,id3, <act(rest),
win(clos), seen(no),
fly(loff), ann(medium)>)

base(Xy,id4, <act(tv),
win(clos), seen(no),
fly(loff), ann(low)>)

base(Xy,id7, <act(air),
act(rest), seen(no),
fly(loff), ann(low)>)

base(Xy,id10, <act(air),
act(manual), seen(yes),
fly(loff), ann(medium)>)

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

base(Xz,id5, <act(manual),
seen(no), fly(loff),
ann(low)>)

base(Xz,id6, <act(manual),
seen(yes), fly(loff),
ann(low)>)

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

base(Xt,id8, <act(manual),
seen(yes), ann(medium)>)

base(Xu,id3, <act(rest),
win(close), seen(no),
fly(loff), ann(low)>)

base(Xu,id11, <act(tv),
win(open), seen(no),
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fly(loff), ann(medium)>)
base(Xv,id3, <act(intell),

win(open), seen(no),
fly(loff), ann(low)>)

base(Xv,id10, <act(intell),
act(manual), win(clos),
seen(no), fly(loff),

ann(low)>)

Remark: the disparitybetweenopinionsof
residentsput troughnoise.An eventcaninvolve
from 1 to 6 annoyancereactions.

Prolog databaseconstructionallows us to
have thefollowing context :

Period NivG NivM NivIG NivIM
id1 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 manual,win(open) high

id10
plein-air,
win(clos)
intell, manual

med

id11 tv, , win(open) med
id12 manual

The concept lattice contains123 concepts
(thusit’ s diagrammis not developpedhere)and
constitutesa analysis.Thanksto the knowledge
inductionmechanismof Formal Analysis,some

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-experimentaldata we collected before the
main campaign). derive macroscopicmain
outlines2. This first experimentalcampaignand
its analysisconfirmedthe resultsof large scale
studies(seenext section)accordingto which in
noise/annoyanceanalysis,no sgnificantfeature
can be proved. This led us to designa second
experimentscampaignpresentedhereafter.
Nevertheless,thanksto theknowledgeinduction
mechanismof FormalAnalysis,many contextual
rulescanbederived,e.g:

Ann(high)� NivIM(med)
Ann(high)� NivM(med)
NivIG(high) - Period(pm)
Activ(win(open))� Ann(x)

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

One of the conclusionsof this first experi-
mentrelieson thefact thatsubjective annoyance
andits consequencesmustbe differently, objec-
tively and more preciselydescribedif an infor-
mative analysisof theeffectsof noiseuponsub-
jectshasto beachieved.Theideais to capturean-
noyancecharacteristicsasmeasurablefeaturesof
thecognitiveperformanceof thesubject.Thanks
to a collaborationwith Inserm,we designa sec-
ondgenerationof experimentsin which discom-
fort of the subjectis considered(andmeasured)
in termsof reasoningability.

2in otherwords:ourdataanalysisshowedthat“the sig-
nal remainshiddenwithin thegroundnoise”
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4 CognitivebasedExperiments

Different studies about annoyance in differ-
ent airports’ vincinities have been carried on;
for example, Pr. Coblenz’s team from LAA
(Applied Anthropology Laboratory, Paris) has
beenstudyingthe dynamicsof the medicalacts
(i.e: medicamentsconsumptions,consultations)
aroundCharles-de-Gaulleairportsince1965[6].
This work allows to concludethat the felt an-
noyanceis sunjective and adaptative: no medi-
cal effect canbe significantlymeasuredafter at
leastoneyear3. Our resultsconfirmsthishypoth-
esisas far as no significantrelation can be de-
rivedfrom any analysisbaseduponthesubjective
expressionof annoyance.Consequently, the ex-
pressionof annoyancewill bedescribedthrough
thedecreasingof measurableasa cognitiveabil-
ities [1].

This secondexperimentalcampaignaims at
evaluatingthereasonningerrorsdueto noise.In
this protocol, after classicalneuropsychological
tests,the subjecthasto reactto differentsitua-
tions in a dynamicenvironment[11]. Eachtest
sequenceis about2 hourslong. Ontheonehand,
resultsareprocessedwith statisticsmodelsby an
Insermteamwhile on theotherhandwe useour
qualitative approachbasedon Formal Analysis.
Theexperimentsarestill goingon (from May to
September2000). A first set of resultsis sim-
plified andpresentedin this lastpartof thispaper.

Thecontexte:
It’ s an 5 humansubjectsobservation. Thereare
threeageintervals (I1, I2, I3), they canbe male
(ma)ou female(fe). ThesepersonspassedHanoï
Tower test(Ha), Trail Making Test(tmt), Stroop
test(Str) duringwhich we measuredtime. They
alreadypasseWharpstest (Wa). The resultsof
theexaminationcanbefail (Fa)or success(Su).
Two environmentsarepossibleto passthesetests
: a quiet one(qu) or a noisyone(no). Thedata
in capturedin thefollowing table:

3Pr. Coblenz’work allowed to refutemany totally bi-
asedstudiesfor exampletrying to statethat noisearound
someUS airportshadbiological consequencesuponnew
bornchildren.

ζ age left-handler sex
Sj1 I1 . ma
Sj2 I1 ma
Sj3 I2 . fe
Sj4 I3 fe
Sj5 I3 fe

Personalcharacteristicsof the subjectscon-
text.

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

Subjectsability context.
The context generates22 concepts. The la-

belledlattice is :

3

12 11

91415

7

816

10 12

6

13

5

4

18

201917 21

22

No

Wa(Fa)

Qu

Ha(., Su)

Str(., Su)

Wa(Su)

left-handler age(I3)

Str(350, Fa)

sex(fe)sex(ma)

Tmt(., Su)

age(I2)

age(I1)
Tmt(.,Fa)

Fig. 4 Lattice

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

& 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

& Ruleswhich expresslinks betweenabili-
ties:
Wa(Su) � Str(.,Su)
Tmt(.,Su) � Str(.,Su)

& Rules which express links betweenper-
sonalcharacteristicsandability:
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 representationof knowledge is the
currentresearchstudy.

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
annoyance is little or none formally studied
yet. Our approachaims at designinga generic
causalmodel of the correlationsbetweennoise
and annoyance. Hence, Formal Analysis as
symbolicknowledgeexploration tool, allows to
processthe experimentalresultswhithout extra
hypothesis.Indeed,if the ability of the persons
can be measuredas numericalscore(duration,
rate...),it appearsmore informative to take into
account the symbolic representationsof these
praxiesthanksto the constrainedcubesmodel

[10].
Studiesare going on aboutrules production,in
orderto proposea classificationof them.Hence,
we will beableto upgraderulesbasedon a large
partof objectsandto downgraderulesprocessed
with aobjectsminority.

From the appliednoise/annoyancequestion,
the first experimentalcampaignconfirmedin a
symbolicway, the classicalresults. The second
campaignallows to foreseea first set of results
of the measurableannoyancein termsof cogni-
tive performanceandits comparisonswith med-
ical diseases(parkinson)andalsomentalwork-
loadeffects.
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