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Section I Thesis Proposal

|. Thesis Statement

Al systems have been viewed for their most part as intelligent problenivees. Their design principle
havebeen basedn solving the problems of givenobjective reality. However such a view of A$
bound to fail interms of D K A f R Q awhdreSaina¢dfexigtRdacilitate i KS OK A f R @dss
andnot necessarilypresent it with known solutions toproblemsor impart to it a set of specific skills
The need is then of designing Al systems whoeim provide a certain level adtimulusto the childfor

it to exploreand interpret the physical worldn terms of its internal universe of meaningiven the
OKAf RQa LI I &FdzZ rlothervarddprdviding2hg chitd Tith KB thasicibiiilding black
(e.g. avisudactile understanding of objects and their relationship#)at allow for the development
of its higher mental functionsuch ascreaivity and subjunctivethought. Such an approach
necessarily demands thatthe focF RS &A Iy LINAYOALX S& akK2d#Z R
mechanisms of learning and not on adding to the complexity of intelligent problem solvers that are
fitted withinthS OK A £ R @r&irofin®rit: hid/appydbach that subsequently will allow for a critical
reflection on how Al systems habeenviewed and their possible role as learning facilitators.

Il. The Problem

You use me to become M You have functionalized
intelligent ’ my needs

’ .
You want to show how | don’t need to satisfy

smart and complex you are Child s
' Realization

Listen Mr. Robot

Allyou do is satisfy my
needs

Don't you knowthat
thechild is an artist?
The problemis not
with you, the problem
is with how you have

I love my Lego blocks
—— Ineed a creative been made —your

stimulus design philosophy of
solving problems

You don’t make me You don'tshowmea
learn : world of possibilities
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A. Child Facilitation Problem agpproached by current Al research and toy manufacturers

Utilize problem solving

Philosophy of Al

Child has certain
learning needs

These needscan be
defined in terms of
problem spaces

These problem spaces
ifmodeled correctly
can have generic
solutionsthatare
applicabletoa
target child population

Meaningis predefined
and can be modeledin
terms of the behavior
exhibited by the system

Define needs

Define problem spaces

Develop tasks and
behaviorswhich have
predefined meaning
and are guaranteed to
invoke certain

Focus on makingthe
system complex enough
such that it can account

forall possible unknowns
and environmentvariables

responses
Complex — i
| Model | e :
f Focus is on .
Problem sophistication of the Design

Philosophy
places little
importance

Solving

system thatimparts

specific learning skills to
the child

on the

v

internal

Impart Socio-Emotional Skills

learning

| | Impart LogicoMathematical Skills |

mechanisms

Al companions

‘ | Beebot that teaches programming skills | of the child

It is unquestionable thadl practitionersand toy manufacturers have been responsivehe child
facilitation problem However given the pressure to present results and serve market needs)dkey

ol asSR

GKSANI RSaAdy LIKAf2a2LKE

2y yagSNAy3a G(GKS o

will be most appaling or fanciful toy thathe child can be boughtinto? How many features can we pack
into the toy that will please the child?ow intelligent can the toy be made to behave? Can we pack a set
of mathematical teaching skills with the microcontroller memory that we have?

In order to answer these questions, they have utilized the problem solving approach of Al defining the
child complegly in terms of its categories of learning needs. The assumptions have been those of
defining these needs in terms of problem spaces which if modeled correctly can have generic solutions
that satisfy a certain target child population. What is disturbinip& they have objectifieaneaning

itself in terms of the range of behaviors that are exhibited by the system. The central focus has been
thus on making the system complex enough by packing as many features into it that are instantiated
given the occurrece of certain environmental input into the system. At the heart of the system is thus a
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LINPOofSY a2t @Ay3 YIOKAYS GKIG Fff2ga GKS aeaidasSy Gz
problem space. One can clearly see such a design philosfphyii2 Rl @ Q& & Y heN#&ndtGade a Y I N
beenone of selling lovable companions that exhibit an array of predefined sroational behavior

that appeal to a generic child population. Manufacturers of such smart toys focus on comparing toys in

terms of mcrocontroller designs, battery life and cute looks. The best selling smart toy is one that is

smarter and more aesthetically appealing than the rest and children are bought into it because they are
socicemotionally satisfied by having a smart companion.

¢KS LINPOGESY gAGK &adzOK | LIKAf2a2LKe Aa (dKIG GKS ¥z
increasing the complexity of the system and packing a set of predefined featiwas. In other words,

the focus is on how well the system is able to adtgelf given a set of known and unknown variables.

What happens in this case is that the child becomes a facilitator for the toy such that the toy begins to

learn, speak or act by observing and interacting with the child which becomes a manifestdi@m of

well the design team has managed to give the toy problem solving abilities.

Within thisdesignphilosophyof focusing on the toyisthus a very little regard to the internal

mechanisms of learning in the child, as to what are those basic primibiaésllow learning in a child to

really take place. The theoretical considerations of the developmental stages of leaming in the child are
GKdza y20G O2yaARSNBR 2NJ NBf S3IIGSR a aSO2yRINE G2
there hasbeen a lot of internetliebate as to whether these smart robotic companions are really making
learning tick in a child.

¢26l NRa (GKAA 3I21f 2F (GKSYy O2Y0oAYyAy3d aYIFINI G2ea gA
impart a set of specific skille the child such as spatial and logicomathemas&dls. However,

' OljdzA NAy 3 &dzOK aSita 2F aiAftta Aa G222 yINNRg | O2y
placee LT (i2@e&a IINB O2yaARSNBR la | OKudb&toieowsAyYR2¢ (2
FLEOAEAGEFOAY3 GKS OKAfRQa fSENYyAy3a LINRPOS&a o6& 3AAD)
is able to create its own meaning of things.

{ 2t @Ay 3 ininfeBate DeedsfoRe@chingatset of behaviorand skillswill not make leaming

happen. Inotherword2 y S Yy SSRa (i 2 philokdphy bf fitBndzin adhftive lprob@én solver
GAOKAY (GKS OKRAG RDEBt SyDAWREy SyZd 62Ny Ay FLOAtAGI G
to understand thathe child is an artistit does not need satisfaction of needs or specific skill sgts

what it really needs is a constant creative stimulusstimulus through whichit is able to internalize

the external objectivity of the real world in terms of his owmiverse of meaning and creatively apply

his thought processes to generate alternative solutions to probleffizat is where learning really

happens

The reason whyhe simplicity of Lego blocksss appeahg to the child is becausedivesthe child te

basic building blocki® create meaning from simple objects. By stacking a series of blocks together the
child is able to see walls, housesople, environments through which he constructs meaning of things
and the world around him. Itis through thsocess that the child then generates his problem solving
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skills since he is equipped with a repertoire of generating alternative worlds. Although simple blocks are

AY GKSANI OSNE NAIKG ldAGS STTFSOGA BB aderah seder t RQ4A
of direction on howsimple elements may be possibly connected. In other words, the child needs a

learning facilitator, a facilitator that does not direct the child to create a given set of patterns or tell it

how things should reallge constructed, but provides it with a certain level of stimulus through which

the child may begin to see meaningful possibilities as opposed to just involving itself in random
constructions.

Given the above consideratiorsneed then exists for Al sgsais to redirect their approach to the child

facilitation problem. For this, design teams need to critically reflect on whether their systems are really
FLEOAEAGEFEOAY3 GKS OKAf RQa fSIFNYAy3a NNEi©Bguiedi2 NI 2dza i
a change of perspectives, that of focusing on the child and not on the complexity of the sySem

YySSRa (G2 AyO2NLIR2NYGS | GKS2NBOGAOIE dzyRSNEGF yRA Y3
GK2aS ol aixo0 YSOKI y A anvie thaught pfo&esséaldihgwdtTreaie&rearmé A f R Q a
into the design philosophythus takinga broader view of what th& systems are really doing. It is only

after having such an understanding from a theoretical and philosophical standpoint that one will

know if all that system complexity is really needed or is it just not making sense

® / KAftR CIOAtfAGEFGAR2Y | LILINZIFOK GKI

Followed Philosophy

the child that cannot
bemade availableto
the assumed modeled
behaviorofan Al
system

Learninginvolves more
than justimparting
specificlearningskills

Learningisincomplete
withoutimpartingto
the child a sensori-
motorknowledge ofits
world and an ability for
subjunctive thought

Focus on thechild,
howitlearnsand
creates meaning

Allowthe child to be
the creator ofits
meaningrather than
assume models

Provide the child
with simple learning
primitives or basic
buildingblocks from
whichitis ableto
devise more complex
behavior

Complex
Remove Complex Behavior
Child learningis nota Behaviorand Depart
problem to be solved from Problem
Solving Approach
Learningis an active L0 Problem
mental construction of Solving

Utilize the power
of applyingthe
basicmechanisms

oflearning

Utilize the child’s
tendencyto
anthropomorphize

Power of imitative
gesturesin
generation of
motor primitives

Power of simple
objectand
symbolicplayin
generation of
subjunctive
thought

Enable the child to acquire a

sensorimotor understanding of his

physical world and how meaning can be
separated from objects
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Given the discussion in the preceding chapter, the goal of this thesis is tiprogose an alternative

design philosophy to approach the Al child facilitation probleone that places the child at the center

of focus and then having critically reflected its learning processes proposes a project that works
towards practicing this philosophy. The followed design philosophy is then about changing perspectives,
as opposed to analyzing the effectiveness of an experimental setup.

The very first step in thigpproach is one of forwarding the idea thahild learning is not a problem to

be solved Since leaming is so much a whole than a sum of parts, one cannot really define problem
spaces that satisfy certain needs or impart specific skills and behaviomdBgLearning is an active
mental construction of the childhat cannot be made available to the assumed modeled behavior of an
Al system. One cannot really devise a set of behaviors that the system respithdte pendingon what
flows into it for sucha responsive set of behaviors makes assumptions about how these behaviors
should be ideally viewed by the child. Thirdlgarning is incomplete without imparting to the child an
ability to view things differently, create alternative worlds and solutioms,other words his higher

mental functions such as creativity and imaginatiourthly, consider th€hild as an artist and the
creator of its own meaning

One can clearly see that the basis of this design philosophy is thus on the child and natiéine $y/hat

is then considered is a perspective when the complex behavior of the system gives way to focusing on
how the child best learns and creates meaning. When one considers much of the literature in
developmental learning, one begins to see how afiiegdthe child with simple learning primitives can
haveasignificant impact on the way thatit begins to learn. | consider in this design philosophy the
power of simple imitative gesturdhat lead to the generation of sensorimotor primitivea&hen one

thinks about imitation, one immediately renders it as a dumb mimetic action of copying the other
person. However imitation is one of the pillars of child learning. Child learning theorists such as Jean
Piaget and_ev Vygotsky have made significant contribngido forwarding this view. Much of the recent
scientific evidences such as the works of Meltzoff and Moore and that of mirror neurons have shown
that imitation is inherently an intrinsic human endowment that allows for the sensorimotor learning of
the chid so that it is able to acquire anternal representation of the external world.is from these
sensorimotomprimitives afforded by imitation that the child knowmgat pattems of motor programs to
execute depending on a given situation. In other wosdsiple imitation inducing gestures should be a
part of the design philosophy. These gestures when incorporated in the play of the child will allow it to
learn from obsenng the movements of the system, internalize these movement primitives and
subsequetly access and apply them in different situations to create new patterns and meaning.

One can parallel these concepts of learning in imitation with much of what hasdiseussed in the

literature onembodied cognitionit is within this view of the imgrtance of being presentin the physical

G2NIR YR fSINYAy3d GKNRBAdAK 2ySQa aSyaz2NAY2(02N Tl (
the need for an Al facilitator that is embodied in the word of the child and interacts with it as opposed

to virtual systems which would only allow for learning to take place in terms of abstract mental

representations of objects and events thereby forwarding the importance of mind over the body.
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| also consider in this design philosophy the power of simple objeattsymbolic plathrough which the

child is able to acquireasual, textural, auditory, olfactory or other sensory information of objects

in terms of its own representatigran ability thatis important fori KS OKAf RQAd RA&A&a2O0ALI
symbol from the symbolizedillowing it to subsequently manipulate these symboals in tesins

hierarchies, categories and relationships with other symbols. Symbolic play thus allows for the

generation of the creative abildis of the child and his ability to generatdeasihative solutions.

Given the citings from developmental literature, this design philosophy also considers the fact that the
child has a greater tendency to anthropomorphize things and a basic level ousaudesign that
incorporates anthropomorphic features should suffice in being able to allow the child to map the
behavior of an Al facilitator to its own bodilyarements, a solution to the problem whichakso known

as the correspondence probleimimitation. Imitation literature suggests that joint attention and goal
directed behavior are more important considerations than a-bm®ne mapping of bodily features. This
consideration should allow fareflection on the structural aspects of the Al system

Finally this design philosophy that focuses on the child as the creator of its own meaning necessitates a
philosophical discussiaon mnstructivism, an epistemological framework in the theory of learning.
Constructivism valuedevelopmentallyappropride facilitatorsupported learninghat is initiated and
directed by the leamer, a path through which educators (facilitators) have begun to approach students
in constructing meaning of new concepts. Jean Piaget articulated mechanisms by which knowledge is
internalized by learners. He suggested that through processasaoimmodatiorandassimilation
individuals construct new knowledge from their experiendéisget hasrgued that these processes are
facilitated through imitation and playConstructivistheories view leaming as an active, social process
involving a dynamic interaction between the task, facilitator and learner. They place importance on the
fact that knowledge should not be divided into different subjects or compartments, but should be
discovered as aintegrated wholeand that learners should constantly be challenged with tasks, also
known as thezone of proximal developmeim Vygotskian literature (i.e. the distance between the

actual and potential developmental level of the child

| have argued in the preceding two chaptéhst the design philosophy that goes into the construction

of the current state of Al facilitatorgy SSRa I ySg | LILINBIF OK® hyS OFyy2d N
process by focusing on the complexity of a sinsgstem that is fitted as an adaptive problem solver

within the problem space of a child. In order to then design systems that really facilitate learning one

has to focus on the child and its basic mechanisms of learning. A renewed design philosophy that
incorporates a theoretical understanding of what makes learning really happen in a child and allowing

the child to be the creator of itsieaning, allows one to critically reflect ¢ime impact of the elementary

forms of learning and the way that desigratas should approach constructions of Al systems if they are
GNHzE @ G2 0SS Tt OAfAGI i ZeEnostBmpellinG reaSdioweveR tQ &riticallg I NI/ A y 3
argue on the need of such a philosophy is that with the right approach Al can in fdu atthat

useless and can have an impact outside of its objective universe, thereby forwarding the view of Al

systems as more than just sophisticated problem solvers.
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[ll. Project Implementation based on Design Philosophy

Stimulus through
Imitative Behavior and ; :
Forms of Play Child Subject

Anthropomorphic Learning Facilitator
in a Shared Interaction Environment
with a Child Subject

Child's Inner
Universe of
Meaning through
Constructivism

Robot's intended
objective in
Symbolic Play

Visio Servoing
(Eye in hand or
Eye to Hand
Configuration)

“— Sensorimotor Learning,
Subjunctive Thought
Generation through
Imitation and Play

Child's Rendition
of intended objective
due to prior and new
learning patterns

Fig 1.1

Based on the considerations of a child focused design philosophy, the projectimplementation then
involves the construction of an anthropomorphic learning facilitator in a shared interaction environment
with the child where the focus is on the minimallyngplex design of the facilitator thagrovides a

creative stimulus to the child to facilitate its learningl'his stimulus is based on the theoretical
understanding of imitative behavior and symbolic play in their developmental role in learning.

Accordingy, the behavior of the Al facilitator then involves the constant provision of this stimulus
throughasimple movement repertoire thatvolves action and play directed behavior. In the former,
the fadilitator uses its robotic arms and mobility base to gggaeaningful gestures such as clap, dance,
rotate, embrace and tries to make simple creative modifications of these movements through
manipulating the inverse kinematic variables. In the latter, the facilitator involves itself in object play
with the chibl such that it uses its vision system to pickup blocks of objects and arrange them to create
different pattems.The goal of the facilitator is thus tgshow the child a world of creative possibilities

by providingthe child with a mix of random, goatlireded and playful stmuli such that they induce
forms of learning in the chilés opposed to providing it with fixed solutions to problemshile

providing a sensorimotoexploration ofits environment The aim of the thesis and project is thus to
allow fora critical reflection on the@iew of Alin the child facilitation problem througformulation of a
altemative childcentereddesign philosophy
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Section II- Project Proposal

|. Design Cuosiderations
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Should build on top of

existent work from the
previous project

Utilize Omniwheel
Mobility Platform from the
previous project

Utilize the existent RF-
enabled custom
electronics circuit to
accommodate required
Servos

Do nottry to solve very
tough problems such as

vision and eye to hand
configuration

Take existingimage
processing and inverse
kinematics libraries

Focus of Interactivity
without which robotic

construction will fail to
make adequate sensein
theoretical terms

Incorporate Vision for Real
World Input and
Manipulators for affecting
Real World Objects and
Events

ViSP: Visual Servoing
Platformis perfect since it
provides a C++based open

source library forimage
processingand a generic
interfaceto up to 6 DOF
robot hand manipulators
while providing pose
estimation, object tracking
and a sophisticated IK
engine with physics
simulation capabilities

Should be modular,
scalable and utilize off
shelf open source
hardware designs

CMUcam3 and Pan / Tilt
Turret with its open
interface to Xbee Radio
will provide cost effective
wireless vision system

Not Time Consuming

Simple and Practical
Structural Construction

that solves project
objectives

Utilize lightweight, tough
and easy to work with
structural materials such
as lexan 9034 and
configurations of robotic
arms from popular designs
to get servo torque ratio

Author’s knowledge of electronics and physics along with
above solutions will allow for quick completion of project

Starting a new projectis always a challenging undertaking. The reasons are too many but as | have learnt
from the previous project, one has to minimize the number of unknown variables. During the
construction of the omniwheel base assemlihe unknowns were mainly that of being able to interface

a wireless system for a mobility platform and the precise construction of the base for a custom grid
traversal, the latter of which took the maximum time since code was written completely fraatcher

for interfacing with an autonomous base. With this new project, | intend to use all the project assets
from the previous one and build a simple and interactive structural construction on top of the
omniwheel platform.The task defined is then of buifdy an anthropomorphic robotic structure thatis

not too time consuming to build and is guaranteed to work. The task is also one of providing this entity
with vision and manipulators to make it convincing enough on theoretical lines to attempt a robotic
construction in the first place. The solutions that | have then found as shown above are to utilize
existent open source libraries for vision and visual servoing tasks that have already defined solutions to
problems pertaining to this project while implememd) simple structural and hardware designs.
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II. Robot Structural and Component Configuration

Fig 1.2

The structural and component configuration of the robot will build on top of the existent omniwheel
base design from The Human Game Machine. Stanitigthe design consideration of providing the

robot with the most flexible movement repertoire for imitation inducing and play movements while
keeping practical design consideration in mind, a certain minimal number of degrees of freedom will be
incorporaed by implementing a combination of high and low torque servos. The aim will be to achieve a
very simple structural design that allows the creation of an anthropomorphic form and functiofwality

of a mobile robot thahavigatesits environment and inteact with the child. The mobility will be

provided by the already built omniwheel assembly while interactivity and functionality will be achieved
primarily by two robotic arms made out of custom and-ibé shelf components such as grippéhnat

are detailel in the next sectionThe already built custom ATME@GAS circuit that is RF enabled and
extended for up to 24 servos will be used so that no significant basic electronic design changes occur.
The only electronic component that will need interfacing is tision system of the robot that will use

the open source architecture of the CMUcam3 to build on its wireless mote functionality that can be
interfaced directly with the XBee radio for wireless vision functionality. Since the ViSP platform provides
for both eyein-hand and eydo-hand based configurations of a vision system, the camera can be
incorporated both in an off the shelf Pan and Tilt Camera Turret or it can be mounted on thellwest.
structural basewill either be metal or the light and strorigexan 903#olycarbonate material.



