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A goal of neurosciencés to establishthe neurophysiologicalinderpinningsof animal behaior. Becauseof the
sheercompleity of vertebratenenous systemsunderpinningintelligent behavior, simple invertebrateshave been
studiedin the hope of uncovering low-level neuralmechanismavhich might act as building blocks for complex
behaiors (Hawkins andKandel 1984). ComputationaheurosciencéSejnavski, Koch, and Churchland1988) and
situatedrobotics(Harnad1995) togethergive a powerful way of studyinglinks betweenlow-level neurophysiology
andbehaior. Thisis the pathwe pursuein our work with the ARBIB autonomousobot (Damper French,andScutt
2000). Earlierinstantiationsof ARBIB hadseveral obvious shortcomingavhich limited biological realismandstood
in theway of scalingfrom simpleinstinctive behaiors towardsmore comple, intelligentcapabilities.In this paper
we describerecentdevelopmentsaimedat overcomingtheseimitations.

ARBIB is unusuain its useof a network of spikingneuronsexecutedduring'‘life’ ontheHi-NOON neuralsimula-
tor (Damper French,andScutt,forthcoming;FrenchandDamper,submitted(a)). Ratherthanusingpopularlearning
mechanismdik e reinforcementvhich operateat a relatively high level of abstractionHi-NOON synapsesire based
onlow-level modelsof non-associatie habituationandsensitizationandassociatie classicalconditioning. ARBIB’S
experienceof its environmentleadsto changesn synapticstrengthg‘learning’) which originally werefar too plastic.
Learninghasbeenstabilisedby addingasimplemodelof synaptogenesigrenchandDamper2000),sogiving ARBIB
along-termmemoryandsolvingthe stability-plasticitydilemma(Grey Walter 1951;CarpenteandGrossbeg 1988).
Additionally, ARBIB wasgivena medium-ternrmemoryformedfrom Grey Walter's recurrentneuralcircuit.

As previouslyimplementedARBIB’s nenoussystemwasmanuallydesignedHence jts architecturavasfixedby
theimaginationandprejudicef its programmerBecausaeuroscienc@asnotyet progressedbo the statewherewe
understandhe relationshipshetweemenwoussystemstructureandintelligentbehaiour, it seemdikely thatmanual
designwill limit the potentialfor the nenoussystento scale-upandarguablyhampergprogressowardscomple and
intelligentbehaviours. A possiblesolutionto this problem,which we have explored,is to constructARBIB’S hnenous
systemusingthe paradigmof evolutionarycomputationFrenchandDamper submitted(b)).

The presentegaperwill demonstratehesedevelopmentswith examples. The long-termmemorywastestedby
comparingdfiring actiity in bump sensoryneuronswith andwithout synaptogenesisWith synaptogenesigknowl-
edgegainedthroughexperienceof the ervironmentwasstabilizedasshovn by decreasetbump sensomctiity. The
medium-termmemorywastestedusinga sonarrangesensor:ARBIB habituatedo a target placedat a constantis-
tancefrom it, but dishabituateqandtriggeredactiity in therecurrentircuit) to a transitorytargetthatpassedvithin
closerangeof the sensar Lastly, we successfullyavolveda nenoussystemfor an obstacleavoidancecompetencén
a simulatedworld. The evolved solutionalsoshaved robustwall-following behaior which had not beenspecified
in thefitnessfunction. Whentransferredo a realrobot, obstacleavoidanceandwall-following wereperformedasin
the simulation
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