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*MAIN THESES

ALl 2dsting Breldn/Rogot/Flurrier)
L ifl2ories sucr 2 s3Yrngo)
rrieirlloulettion or evolutonery
COrfOULIfY £fe 1o frlore trlef)
powerful metaphors.



NEWAVIEIesEISHioMntelligent Robotics

“SNEWNTEIESIIOISHNENAE more appropriate to
clevelog Intelligent hurrzariolelrejele)Ess
[ESHNEIE SCIERUITICAIY, mr-” asting and fruitful
iv evolve a socliety of bots rather than
Lo programiiaNebot.
NPOVVETIINIIELEP/0P)S that can be used to
buildirebotsiand their societies:

the high-tec i ﬁgy Industry,
the Internet,
the quantum computer,
t
t

ne earth's ecology, and
ne theater




WISEIISTproposed

‘me]n@] s|=-Erom logic synthesis, system
EORFUEIMENNED r/ AUeRnemMOouUs agents,
SVESENCE), Viluliel fL—)CIJJ,, ; robotlcs video-
EJ(JJ/f Ompliter animation, and puppet
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to create AWM. theater:
?obot- Uppets lc ?ted in our laboratory,

AU NS EI ISR eI EeYs and Ghservers
located worldwide on Internet.




Oregon Cyber Theatre
-

Dance and: sing,
Play games,

Live thelr autenemous lifes; reproduce, compete and
cooperate,

Personify “The Prisoner's Dilemma” as a “game of morality"
with emergent behaviors,

Teach students.



SianRs and Robots

“Mimensiwilliteach rebots about human
SMOLERSIEICIDENaVIorS:

IIRISAIINGE; 2 ﬁerp’ FUring test

eifling for JIU IS human participants









ANFEanawvIth™ a child ?

IhIS Is not a
child

This Is a
robot

It comes
from Brook’s
Company
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SLALEMENUIEIE IR 1S
yuter frommeat”

robotics research and
modern robotics

One of main metaphors of
Oregon Cyber Theatre




IWoerProminent Scientists
Announced thhe'coming era of

IVEBERAGIER O
SIRASRIFIRUIZASIE

IVIEAVGEIENIESS

RIANS KURZWELL
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Evolvable (.
frh lgent fouus




HUEENBENGANIS announced the
SheigiEidinerand Robokoneko
-
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SIS INHVIA( HINE (CBM)

“RIENCANVBSTAIEVIZCHTNE (CBM) IS a piece of
clalized "evolvable harcduzires

tNs | o) ipand =\l Vs eellular automata-based
IENEINENYEIFACcUt modules in about a

L
gonlel, #

De Ga ‘:“L JJ IS SO fast that from now on It

will be practical to build “artificial brains” by
assembling tens of thousands of these quickly
evolved modules



Fast enough for real time control of
the life-sized kitten robot



=volvahle Neural Net
SUSEICEONIPULE
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TRiermMaoen FJov\"'- . Neuronal
Laval(irlzua)s L2 e tes/s

INOmMREPEIFERGA Rec onflgurable
=(igetion Unitsg ., I“ 648.
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Computational power (estimated):
10,000 Pentium 11 400 MHz

computers.
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| .... And several new will come
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Background: Robotics Theatres and
Internet Robots

Nobody: Vet preposed to create a ROBOTIC
THEATER o WIWVWY.

Let us be brave enough to try this - and
observe what will emerge.

We will call it the



. and what
sanout PSU?










r Theatre :
Iite FAB 70




Oregon Cyber Theatre

B o) ouftrie
nirgeluced io n@ts/behawors YAISINERE
WIBRWVIIIE :L—rem@” " act as these robots

@)Jrl/JrJJ roles.

The I and
eff beth supervised and
unsupervised learning will be used.

through
evolutionary, legic and game-theoretic
approaches



VIECHIRENEEarning in Hardware
m \Yzignllnie Lesirniple g Willl e partially realized
INENEWERENOIRSPEEd. |

NEVOIVEIIE rlrlff]\j\/* PGAS
mJ( f0)0 omrroJJerJ, o)z alleﬁ'systems

\ AIIeUS Jegl.mm,g paradigms will be used.

Lo..i(i "J'?'";Joef emphasized in MVL lecture
iglls rporniric) will carmieiies




Viain ldeas

a rlUprelris-oogreiofs Wil OIENAEEEER | g N ol EATS
PENOIIEENMNIIEL OO theater: :
— fEsearnchers , N
— ¢)feleltielie cipjel Clgle Jerjrur bce students,
k: |

| = NIgN-SENEBI SEUCENTS;

— actors andraciing students.
Operators ini Laboratory.
Tele-operators from all over the world.

Observers through Internet.



Theater as a Myth

gedies and comedies

Forinstance, we will try to adapt
the to our
environment.



err/mJ SIEK esjjeare,-'e it
S ECI0IS/agents )/ - v/aie from the

some tele—agents WillNeeN/55/1g, SO
they will be replaced by automated
software robotic-agents.



er 1o write a play
n here and others

to play the “Romeo and Juliet” with
spiders and dogs, or human-like-robot-
actors in wheelchairs or on tricycles.



CHINERTTIENIEVSIVOUREIE (EIE-0pErator, can
PERANNIMENEGI0L, anfanimal-robet, an alien, a
MUShHeEN aelaniya diagon, an angel, a
MACIIIIES BT

True big industrial robots \MII be next
neerperatedito, change the scene and play the
oles Ol gleiss™ =

In addition te dramas and comedies, dances
andl vocall perfermances by robots, we will
olfelzifliz= eclucatioral ogrformlelfices:

For instance, Figure presents a setup with a
Professor's Head, who explains the robot test
technology to students.




FRaberfie Wigisn

¥ Bymtam & Gt

di fault location with self-repair.
|th the board for test/self—repalr

Sxplaln-tne

preject to

'?




IHE goal....

= ....will be to involve people ifgtigleNiglshiVelgle R e
think about the furicameris oi

collzlggEitiof| contlict

COOPEN O e%)]sm ~—+ altruism
- movemens |

dance > Spee hi«— . recognition

i

-—

Interaction
Immitation group behavior
myth theatre art  creativity

<— — B






Basic Radio-
With' GrippEer






First Stage - Spiders
i S tﬂﬁtrolled spiders with

= Having eight spiders will allow us to
designate four of them as males and four
as females, two couples in a "country”.



Robot Behaviors

NEispIdEEsaiiRalieWAerpEfiorm the plays and
OPSEIVERSIEIOING PhEnomena such as:
SDIEIREIRNOVE sextial reproduction,

S CreaueEiNemilies (polygamistic and
10NOYEMISHE), ,

ollalic AbieRycompetition, emergence of hierarchy,
peliefrand merality.

Truth telling and lying robots.
Cheating and honest workers.

adapted to the robot-spiders
mini-world, versus the



OREGOINTCYBER THEATRE

“NOIEYeRNeIsEImgEaE Wil be composed of:
— A r<Joor>—ouo)e i=Hecated in interdisciplinary
NENIGENT ROPOLICS _aoorgu ry at Portland State
UNIVErSIyASUILE r/—\E‘/O
_ &, Carmeras and sensorslodiice R Rl puppets
(formstance mitheir e Byes)
¢, Cornputer cortrallecl czlpSF Mo MR\
bservers will'k cated In various locations in the
room. -




gamere for birds, angels and
INLEFAET OPSErVers

Under
$100

In 2000
money



Sonar for
control of a
robotic

“Wheelchalr

£



OREEON CYBER THEATRE

l\/lJ( JJrume; ZIIRSIIEIISENSOTS IN

= CJmou_r,em Ig rh ’aﬁcontrolling the
[O19BLSHI / rrwJJ,), ,e'r' or directly.
M laptops to special-

I\/Iovemen- control learning, image
processing, natural language/speech
software, and Al software will be installed on
these computers.



OREGOIN CYBER THEATRE

m [nlls sofiywere Wil eepgle irom Portland State
IRIVEISTABRSEU)ROrEgon Graduate Institute
(@ElyeneelFexiemal collaborators.

AL dogglotiiers Wil 03J k& LEN\AAWAN.

&

Globzal recordirig rrigeriziglisigalsNemigkl
a@ns ONFIE SeeEne.
All control (Ie( ns, events, images, sounds,

Sensor realngs tic. will be recorded as a base for
further protocol analysis and learning processes.




SONFCYBER THEATRE

d to \/ / IMliRternet

ROJ@—]JJ /JrU softwere at tele-sites,
WATETT et o 5'6Ur software controlling the
puUppetsieditide scene (lights, scene rotations,

o1 28 '
|, 10 the nest ghizse, carmneres louEiiclc iy
o le-sites,

Thus such came?a can leok at a person in Honolulu
and replicate her movements to our spider or dog
puppet (the "avatar concept” well-known from
multimedia and video-animation systems).



OREGON CYBER THEATRE

i< MJr ones and SEEUE located
It tele-sites.
—PENSONs WJJJ h" own body
NEVEMENLS al pice to act,

ed to the
oices of robotic

~this willfgertre rjf'
moven enb
puppets.




Robo Puppets

Smallfsize allows to control the robots
from Inexpensive servo motors:
used in radio-controlled airplane and car

models, keeping the cost of a single robot
below 1000 $ in year 2000 money.



ROOL Puppets

VAU PPEIRWAIMNGRON & =0 E IS simpler to
BUERENERCENILIS, Than one walking on

four . | -

Walring pipeds ,er the most challenging

“to bulld@ndiwe dormnot plan to build them

In the first' phase.

On the other hand, robot technology gives

us the freedom to design new “life

forms™ stuichras sintelligent snakes" or

three-legged’insects.



IMENDEEREBES Not like the mobile arm




Robot Puppets In 2005

WWErEXPECT 'tha'b-]n;__ years the price of a
(EREIWItIRaREUL =
iz el PWiliNdrep) te about
. =
We will be able to have about 20 robots In

the theatre in year 2005, and thus to have
full scale performances with many actors.




"Hexapod Centaurs”

- NEeXt gene "= c;f fo]oJo) s
' "'U' nrseale 4:1,
Withrsixelegs fior better stability and
strength,

But with “hAtman-like™ upper body - head
and hands.

This will allow to extend the repertoire of
plays and games



Future robots

Sllc
I

EXAPEUNCEN

monkeys
humans and mythological figures

Situated (big humans, giant, mythical)

Wheeled (walk simulation, in wheelchairs, on
wheels)



REEUSEHIECIINGIO0Y. fior Inexpensive robots

Halloween ltems, iy =GUnEs and other
EXISHENLEISS .
SYAEIFEl0 Y SelESHprevide opportunity to purchase
SUCHIEMS e 'fracmn ofi thelr original price.
SemereeERae Bullt frem commercially
availableV<iEand upgraded.
1ie) = are fabricated in China and Japan, they
will be also used after computer interfacing and
mechanical modifications.




Future Cyber-Theatre dance
group

Halloween
Skeletons.
This 10$
(on sale)
toy can be
converted
to a
talking
and
moving

ronbot.




A variety of
heads that
can be
converted to
talk arbitrary
text by
replacement
of their
EPROMs with
parallel port
Interface to
PC



PUIRPEManent competition
PESEHIVIOVAL's Head




Characteritics of robots

 ROggis Wil riewva c [lgo and
cariellr) clegrae of |
rme JfJOffJ/‘JH"r]( derthe non-deterministic rule-

I SySteisianerémengent kehaviors based on
Distributed agents.

will be used In them.

Autonomoeus Benavier will be ,
although' it will“lae to a certain degree.

You do not know which path the robot will take to omit an
obstacle, but you' can predict that it will try to do this and
will not fly above.

This way, for instance, additional conflicts or funny
situations may emerge in plays.



SalfesiaTsociety of agents

“VEVARVIEvpIE=\/Aued Logic robot,
ESERINEND mlJJrJoJe~ /alued logic).
“Braipsseiimere complex robots, such
as MUVALEWill be constructed as

U= oclaties of zefaristt




YEYNRROBOT

(” ~ Would you

w ~ like to work
on Improving
his
appearance
and
Intelligence?



1

Ll |\/|U\/A il
o RENE
B cumatic
: = | BIO0Y/ SO It
35 il
R . 9ECOME Tat
" A i red
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Electronics
build by a
student from
freshmen
class

Robotic
Theater
exposes
students to a
variety of
experiences



INEtele-operation

s Rogois will g2 radio-coflfleeiseRioligle
contiel/ensmissionicomputer linked to
INLEIEL -
Icr amillThe, eit
~ . '
reliEdiyAa uiman located somewhere
oni the Intern Y

A person from Singapore could control the
right hand and a person from Hawail the

walking gaits.

The voice will come from the memory or it
will come, say, from Hungary.




IENEle-o; eratlon

e
IERKSHONLEEL technology, all the

SEIEIENBIFECOgNItion, processing
“aneVeICE-UENEration can be
i“'.'.]bll_ cdiworla=wide

-,







Ihisispnside the Furby, .
EVWACONLIol In GAL



PHENALIC T et hnology




pEReumatic, Hydraulic,.....?

scontrol.
0 Hrwllmgluc conrr’J hased on
i al.ﬂpneumatic
nexpensive

We expe?iment also with Inexpensive
hydraulic technologies based on
pistons and syringes.






MOTHER
AND E3

AND NOT

NOT NOT D
|
C
AND AND
AT . ~ N C_OR D
AND AND
NOT NOT AND A = D
B c
NOT NOT
B C Example of Crossover

Operation on Trees



EVEIVIRG er LLearning in
Serdware?

| most general system

truction paradigm as

We propose Le%mg Hardware as any learning
algorithm PLUS reconfigurable hardware

Learning algorithm can be realized in software or in
hardware.



MMest Important in robotics?

= Speed of
processing data Our algorithms proved to
in real time be useful and give very

good quality solutions in

= Understanding
what is going on, | -— FPGAsynthesis
rather than using § --- Data Mining
black boxes

= Building model ot g . .. us try the

the world around challenge of ROBOTICS




JnIversaltllogic Machine

Synthesis and Decision groglesree/ife=leMieRNIzE
nard compoinational proolers

SACuInnatonall S prekliems.  reduced to simple
cOIMIgEeREl orooamy S rm as graph coloring, set
uvermg, ginater  covering, cligue partitioning,

SAtiSHiIlitys or  multi- valued  relation/function
- manipulation

‘ -

Cube achine (CCM) operates on multiple-valued
cubes (terms of MV literals).

First variant uses twosFPGA™ 3090 chips and second the
DEC-PERLE-1 board with 23 chips

General Special-Purpose computer for Cube Calculus







myl=Estation
EnRcthe
WPEC PERLE
_ Mheard



positional technigues In
FEeigng; Davas Miningl and Knowledge
GIEES \)\/615;,,@_" by several

als),Bohanec, Bratko/Zupan,

JOZWIGKGRIEIE 9@Jdman Axtel.
SmallNEamIngreniors. Natural problem representation

We compared t sam-eL problems using several methods:
decomp‘ition,:ﬁefision trees, neural nets, and genetic
algorithms

Decomposition is clearly the winner but it is slow because the
NP-complete problem of graph creation and coloring is
repeated very many times.




Partial Automata for Robot Behavior

- Types.

S
‘w vviH |
laracteristic behaviors that are
Righly autemated 1n animals, such

as walking or eating.

The other will be various
realized in hardware.



Hardware Larning Engines

(0

(ab [—|

l_f

grain;, Ut We realize it for our robot's
Shel fmethod to selve combinatorial
problems -"r @CCUr IR robot’'s vision and learning
(such as graphircolering or matching.)

Whether actual brain works like this or not, Is
Irrelevant:

Actual brain does also not work using GA or NN metaphors,
either.

No model can claim to be any "more true" than the other.
| et the best metanhor win a stage.






Voting and agent-like behaviors

1y glnr*

new: ideasgtaken firom game theory.

The construction of the "brain" will be
hierarchical and heterarchical, based on
many levels ofi voting and competing
behaviors.



Voting and agent-like behaviors

a Loys JeveJJ WillNee highly automated for speed

on Iits backs o bend the knees, to "lay dead", walk,
dance, avoid small obstacles, climb the stairs,
hobble along, ete.
All these behaviors will be and
, but their combinations and
variants will be



Voilng ancd ageni-like penaviors

L Palit oimtseNewWwestevel control will be In the

microcontroller on rogois Heelmselndls
- boards of ine FF’nected PC, and part in its

‘ c}pproach, all sensors, switches
and effecteisiwiliNee doeubled by software data
structures wiieh will'create and receive symbolic
Infermation fier the robot's brain.

Thus going frem real to simulated worlds and vice
versa will be easy, and Internal models that robot
may have about Its environment may be compared
with the real data during interaction with the

environment.




Higher-level behavior layer

WHINRE DEESHIENIE |c pehaviors and scenarios
m.rme verJrJ o) mm S, “that can however be

pathrandinievement planning (also in the presence
of unfriendly: moving obstacles),

duels and fights,

copulation and love scenes,

food collection (batteries) and eating,

child raising, sleeping and rest, entertainment.



Higher-level behavior layer

progam Ntiie space of programs Is
described in [Dill00].



Social behaviors of the spider society

CVIINREINEESENMECHanISmS that are the
Siueementeiranimalikingdom:

flejgitfor SurvIVE

Feod will e simulated by batteries for which
the robots will' be: seeking when hungry.

Robots may choose to fight for the batteries or

cooperate In providing themselves with
batteries.




Social behaviors of the spider society

s Sinfllely, rronge)e

MEPENEITEN.. =

- Sextrel reorgo ction will be simulated by
e o m:

icer polygamic families

their chro |
Algoerithm.

This will create a chromesome for a new robot
mind, which will'be radio-transmitted to one of
the previously idle robots.

oes, modeling the Genetic



Social behaviors of the spider society

[SHOIEIVIIFKIIG g parents and will be now
SSUBECRORMIEIREdUCALION.

perform SeftWare vivisection,

to leann andivisualize on their computer screens the
emotion vectors and the chromosomes of any
robot.



Social behaviors of the spider society

s Aging process Wil gesinltiziicle N o)VAelle =t [glo Wl (=T o A TSVLEI
WItHRIIESE oauleﬂwr seen by Sensors.

VWhERHEREREIY [EVEIRdECTEases below some threshold, the

e dIES, MNMEZRSHT 1S send! physically to the
WE Irie) r_‘gr [iSirelncanation after a following sex act of

some o e suiving robots,

Only rebots sertain values of energy level and other
parametertievels are allowed to reproduce.

T will' include duels and fights,
structured or not, between the spiders.

Some kind of typically associated with war,
marriage and family may emerge.



Game Theory

' "?equire adapting the known
, mostly
based on game theory, to the programming of

the spider society.



Game Theory

B Boip Z2ro-supl el onéero sum games will be
progicinineEd

analyzed.

The weights 1 the game matrices will be permanently
updated to reflect changing emotions of spiders.



Game Theory

a g fole gi gopml; ni@tion petween partners of

ONEZENGIOEIMESWIlIEIOE INVestigated

L Wieigd]. ‘
- ¢

We' expecirthzit many’ phenomena such as

coalitien ferming, ceoperation and competition

will be olservanie.

We expect also to be pleasantly surprised by
what may happen and we cannot predict now.






Axiomatic Morality and Game

Playing Robots

' lhﬁ\.pxmmatlc morality uses
IMEtheory, automatic theorem
dee-based reasoning, higher-

[Danielson‘
We will'pregram all' the known models, in
Prolog, Fuzzy Preleg and new constrained-
orogramming and inductive programming

anguages, as the highest level of spiders'
soclety control.




Asimov’s Laws and Ten
Commandments for Robot Spiders

Wenwill enhente them by simplified Ten
Commeanuifentsior other highly abstract laws -

higher orderlogic rule sets, adapted to spiders’
conditions.

The laws will"be taken from books on ethics,
temporal logic, multivalued logic, verification
theory and various continuous and modal logics
[Hajnicz].



Asirnov’s Lavvs clpleMisly
Cormnrmearniclrnerts far p{ejslel

Let the emerge‘nce decide If logical spiders
have higher chance of survival.



The role of Internet and controlling humans

“Ninpoees es%_c V. In the first phase.
Trie collection of cleiizelv=loe]ijldelo]o}:

i c\umem ISIMOENAVIOrS and Iinteractions.

, Joysticks and microphones
for reuse.
Modified



IhENeleieiInteret and controlling humans

“NiersysieinpviiRatiematically create the
ever-growirg repe of future
tEeeEiaplay/SIoIet Interactions, games
i iieNNeEmI off storedl assemblies of
ConreliSIENNElS and associated sounds.
The usersiwill'also send through the

W ieady.conitrolling scenarios of
plays.

The WW\W technology to be used in the
theatre will be quite similar to the one

used In



frorn Ropot

dat people want to construct
m PEOP

- as well as
Aviorsistichr as battles and

Jc S, rather than robot
NAViors.

Let us re 9er that "Romeo and Juliet” or
“King LLear™ can lbe also characterized as "sex

and violence"”,

As It IS In the true art, let us use the vehicle of

theater to emerge the
above their




Ermotional Rono

motional.

megnm if)e erru*n f ling system will be central in
Jigeigins ancwilifgieeallysaffect operation of all
[9S/STEMISP

WI|| be

The state of the character of each agent will be
described' by a Vector:

[ , maturity level, hunger
satisfaction, sexual instinct satisfaction, social
acceptance satisfaction, , moral self-
satisfaction, intellectual satisfaction]



gemplex Dynamics

“EIgyaAsEInpl Exeegiiations, partially

IUIEIECIEEED OrlrFJrln\ , Will use
eJJIJJr\r aluiomatia,

1zzy rl/mrlmjr IC Suller00]

L — el rrwor/ nedels

Iel g to dynamics of chaos, Immediate mood

changes anc er emergent phenomena.

The state orthiesoeietyis described by
the Cartesian product of states of Its
members.



gomplex Dynamics

m [re i) 5[ evalfconnelling computer can play
ENGIENINEEE off Spider’s World,
— analyzing the dynarnics of trig cj2nleifzl RVEleile]}
zllel »
globally broadeastine il e EE S ER P MRS
PenaviorEeleasing thresholds.

i

These phenemena are known to control
socletires of ants or termites.



mage processing and robot vision.

feloe recogn]i‘e

rr crr) e
~
/L :

pall recegnition for “soccer-like™ games,

sword recognitien for duels,

other robot recognition for all social behaviors,
and human face recognition for demos



EQHU%FE
1splay
Load
Tave

Histogram
Flot ist

Bt = T

Add areas
Binarize
Brighten

Burn

Clear area
Contrast stretch
EDDH area

Print hist [Gr

Cormmnand

" _' -.:;;==uiiWu m]| J

||m"III||'“'||||||IIIIIIII||-
Ml srpgppeoanenelN0RRONE:

Lable ,
Median Horiz egde
Hegate Uert eagde
Rotate Laplacian
Stretch

LHH Fltr

HPp

TiF

rint
rint
Fprint




IiageRRIeeEssing for Rhino

@onvolution methods

] mary Decision
Dlagrams

il -, D@composmon of
& @ == Multi-valued

. QU Y LB Y Relations

| &= Reduction of Data
Pattern Recognition
« Hough Transform

= Linearly
Independent
Transforms







MUVAL
ArchItecture

Irnage Processing

vl

Irnage Accluisitiorn)

-

camera

FPGA progreafrrnirig

Sensors

Rooot kriogylaclea
~rOQOT 1oy _,_,J_, <::|




Selitvvare Architecture 1

Behavior 2 Behavior 4

S

Behavior 1

Dalanzinr 2 5
senhavior o Behavior 5



litecture 2

b Behavior 2 \avior £
-l

Behavior l \
Behavior 3

Behavior 5



SelitWware Architecture 3

learning

.. s
. Behavior 2 Behavior 4

Behavior 5



SEHVare Architecture 4

Waorld
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Long-term Research

data-miningrevelvable hardware system,

outlined: In:

[Perkowski99 - invited paper - Sendai]

[ Perkowski,Chebotarev,Mishchenko 99 - First
NASA/DOD Workshop on Evolvable Hardware].
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For instance, we look for somebody who
understanas pehaviors ana movements of
spiders, or social behaviors of insects.
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concliusion

Robot Theatre is: PoyyEgiti Ry irTollel

m Internet Robot Thee"r' < isia world-wide
RIUEVE |

INEIgENIOI0L wn‘o bu d under $2000 of
vear 2000fmoney

PIe Se pring your robot-puppet to LDL
sympos Jm 200z
Please bring your robot—puppet to Boolean
°roblems Symposium 2002

Please bring your robot-puppet to LDL 2003
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