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Figure1: TheSAIL robot(left) andtheDav robot(right).

1. DevelopmentalRobots

Our decade-longeffort in enablingmachinesto grow their per-
ceptualandbehavioral capabilitieshasgonethroughfour sys-
tems: Cresceptron(1991 - 1995), SHOSLIF (1993 - 2000),
SAIL (1996- present) andDav (1999- present).The goal is
to enablea robot to learn autonomouslythroughonline, real-
time interactionswith the environment,guidedby a new kind
of programcalledthedevelopmentalprogram. Fig. 1 showsthe
SAIL (Self-organizingAutonomousIncrementalLearning)and
Dav (avariantof Development)robots.

2. Theory of Robot Mental Development

Motivatedby neuroscience,we proposeda self-aware andself-
effecting(SASE)model,shown in Fig. 2. A SASEagentper-
ceivesits internaldecisionmakingprocessandis ableto modify
it. We alsoproposedtheframework of mentaldevelopment,the
conceptof developmentalrobots, a new learningmodecalled
communicativelearningandthe typeof internalrepresentation
thatis suitedfor robotmentaldevelopment.
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Figure2: A self-awareself-effecting (SASE)agent. It perceivesand
actson not only theexternalenvironmentbut alsoon its own internal
(brain)environment.

3. AI Ar chitecture

The goal of this studyis to designthe softwarearchitectureso
that the robot can learnautonomouslyandeffectively through
interactionswith the environment. The architectureintegrates
thedevelopmentof perceptualandcognitivecapabilitiesfor vi-
sion,audition,touchandbehavioral skills (seeFig. 3).
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Figure3: Thearchitectureof thesensorimotorsystem.

4. Attention selection

We have designedandimplementeda general-purposesensory
mapping,called“StaggeredHierarchicalMapping(SHM)” and
its developmentalalgorithm. It is a biologically motivated(but
simpli�ed) modelof theearlyvisualpathway. It enablesa robot
to selectattentionandrecognizeobjectsfrom occludedviews,
asshown in anexperimentillustratedin Fig. 4.

5. Vision-Guided AutonomousNavigation

A humanteachertaughtthe robotby taking it for a walk along
thecorridorsof MSU's EngineeringBuilding. Thehumanpro-
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Figure4: Active attentionduring learningand performancesessions
enablesrecognitionof occludedfaces.

grammerdoesnot designany of the features. Insteadthe de-
velopmentalprogramautomaticallydevelopsfeaturedetectors
from the scenesobserved. After a few trips alongslightly dif-
ferenttrajectoriesalongthecorridors,thehumanteacherstarted
to let the robot “go free.” Fig. 5 shows that the SAIL robot
navigated autonomouslyusing its vision-basedsensorimotor
skills thatwereacquiredthroughonline,real-timedevelopmen-
tal learning.It perceivedthescenesfrom its videocameraswith-
outusingany rangesensor.

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

6. DevelopmentalSpeechRecognition

Thedevelopmentalspeechlearningdemonstratedis verydiffer-
ent from the traditional speechlearning: (1) The continuous
auditory streamshave not beensegmentedand labeled(thus,
autonomouslearningis possible).(2) During learning,the en-
tire auditorysystemmustlisten to everything(for autonomous
learning), in contrastto traditional supervisedlearningwhere
eachdesignedmodel (e.g., for a word “good”) listensto only
segmentedspeechcorporathat it is designedto recognize(e.g.,
variousutterancesof the word “good”). (3) No syntaxis in-
volvedduringprogramming(e.g.,thesystemcanlearnmultiple
languagesconcurrently).The robot performsautonomouslan-
guageacquisition.SeeFig. 6.
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Figure6: TheGUI of theAudioDeveloper. (a) Duringonlinelearning;
(b) After onlinelearning.

7. Scaffolding: Transfer and Chaining

Theobjectiveof thisprojectis to enablearobotto developcom-
plex skills aftertheacquisitionof simpleones.Therobotis able
to transfermultiple cognitive andbehavioral skills learnedin a
settingtonew settingsandcanchainthemby takinginto account
new contexts. Upon learningthe basicgripper tip movements
(drawing an individual petal), the SAIL robot learnedto com-
bine individually instructedmovementsto be a compositeone
(drawing a�o wer) invokedby asingleverbalcommandwithout
any reprogramming,asshown in Fig. 7.

Figure7: Learn longerandmorecomplex compositeskills basedon
previously learnedsimplerandshorterskills.

8. Range-basedCollision Avoidance

The Dav robot learnedto avoid collisions using its Sick laser
rangescanner, throughan online incrementallearningprocess.
To reducetheamountof interactivetrainingneeded,anattention
mechanismis usedto suppresssomepartsof the rangevector
that the robot doesnot needto pay attentionto. Nearbyob-
jectsareattendedandfaraway onesarenot, unlessthereis no
nearbyobject. Fig. 8 shows that Dav reliably navigatedin dy-
namicchangingenvironmentswithouthittingobstacles,staticor
people.

Figure8: Dav movedautonomouslyto avoid obstacles.


