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Figurel: The SAIL robot(left) andthe Dav robot(right).

1. DevelopmentalRobots

Our decade-longffort in enablingmachinego grow their per
ceptualand behaioral capabilitieshasgonethroughfour sys-
tems: Cresceptron(1991 - 1995), SHOSLIF (1993 - 2000),
SAIL (1996- present) and Dav (1999- present).The goalis
to enablea robot to learn autonomouslhthroughonline, real-
time interactionswith the ervironment,guidedby a new kind
of programcalledthe developmentaprogram Fig. 1 shovsthe
SAIL (Self-oganizingAutonomoudncrementalearning)and
Dav (avariantof Developmentyobots.

2. Theory of Robot Mental Development

Motivatedby neuroscienceye proposed self-awae and self-
effecting (SASE) model,shavn in Fig. 2. A SASE agentper
cewvesits internaldecisionmakingprocessandis ableto modify
it. We alsoproposedheframavork of mentaldevelopmentthe
conceptof developmentakobots a new learningmode called
communicativéearning andthe type of internalrepresentation
thatis suitedfor robotmentaldevelopment.
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Figure2: A self-avare self-efecting (SASE) agent. It percevesand
actson not only the externalernvironmentbut alsoon its own internal
(brain)ernvironment.

3. Al Architecture

The goal of this studyis to designthe software architectureso
that the robot canlearnautonomoushand effectively through
interactionswith the ervironment. The architecturentegrates
the developmentof perceptuabndcognitive capabilitiesfor vi-
sion,audition,touchandbehaioral skills (seeFig. 3).
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Figure3: Thearchitectureof the sensorimotosystem.

4. Attention selection

We have designedandimplementeda general-purpossensory
mapping,called“StaggeredHierarchicalMapping(SHM)” and

its developmentaklgorithm. It is a biologically motivated(but

simpli ed) modelof theearlyvisualpathway. It enablesarobot
to selectattentionandrecognizeobjectsfrom occludedviews,

asshowvn in anexperimentillustratedin Fig. 4.

5. Vision-Guided AutonomousNavigation

A humanteachetaughtthe robotby takingit for a walk along
the corridorsof MSU's EngineeringBuilding. The humanpro-
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Figure 4: Active attentionduring learningand performancesessions
enablesecognitionof occludedfaces.

grammerdoesnot designary of the features. Insteadthe de-
velopmentalprogramautomaticallydevelopsfeaturedetectors
from the scenesbsened. After a few trips alongslightly dif-
ferenttrajectoriesalongthe corridors,the humanteachestarted
to let the robot “go free” Fig. 5 shaws that the SAIL robot
navigated autonomouslyusing its vision-basedsensorimotor
skills thatwereacquiredthroughonline, real-timedevelopmen-
tallearning.It percevedthescenegrom its videocamerasvith-
outusingary rangesensor

Figure 5: SAIL is performing autonomousnavigation skills that it
learned.

6. Developmental SpeechRecognition

ThedevelopmentakpeecHearningdemonstrated very differ-
ent from the traditional speechlearning: (1) The continuous
auditory streamshave not beensegmentedand labeled(thus,
autonomoudearningis possible).(2) During learning,the en-
tire auditory systemmustlisten to everything(for autonomous
learning),in contrastto traditional supervisedearningwhere
eachdesignedmodel(e.qg.,for a word “good”) listensto only
segmentedspeecttorporathatit is designedo recognizge.g.,
various utteranceof the word “good”). (3) No syntaxis in-
volvedduringprogramminge.g.,the systemcanlearnmultiple
languagesoncurrently). The robot performsautonomoudan-
guageacquisition.SeeFig. 6.
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Figure6: The GUI of the AudioDeveloper (a) During onlinelearning;
(b) After onlinelearning.

7. Scafflding: Transfer and Chaining

Theobjective of this projectis to enablearobotto developcom-

plex skills aftertheacquisitionof simpleones.Therobotis able

to transfermultiple cognitive andbehaioral skills learnedin a

settingto new settingsandcanchainthemby takinginto account
new contets. Upon learningthe basicgrippertip movements
(drawing an individual petal), the SAIL robotlearnedto com-

bine individually instructedmovementsto be a compositeone

(drawing a o wer)invokedby a singleverbalcommandwvithout

ary reprogrammingasshovnin Fig. 7.

Figure7: Learnlongerand more complex compositeskills basedon
previously learnedsimplerandshorterskills.

8. Range-basedCollision Avoidance

The Dav robot learnedto avoid collisions usingits Sick laser
rangescannerthroughan online incrementalearningprocess.
To reducetheamountof interactive trainingneededanattention
mechanisnis usedto suppressomepartsof the rangevector
that the robot doesnot needto pay attentionto. Nearbyob-

jectsare attendedandfaravay onesare not, unlessthereis no

nearbyobject. Fig. 8 shows that Dav reliably navigatedin dy-

namicchangingervironmentswithouthitting obstaclesstaticor

people.

Figure8: Dav movedautonomouslyo avoid obstacles.



