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(IDPSOH RI WKH GDWD RI ZKLFK D ERRWVWUDSSLQJ DIJHQW QHHGY WR PDNH VHQVH

Uninterpreted

Bootstrapping commands e
Uninterpreted
tf &DQ DQ DJHQW OHDUQ WR XVH DQ\ VE OWRPERR WN uninterpreted observations
cascade (set of sensors and actuators) from Observations commands (sensor #1)
scratch, with no prior information about them?
We call this problem “bootstrapping”.
- unknown|_ . Uninterpreted
T 7KH DIJHQW 3ZDNHV XttecamsPrQOQHFWHG observations But isn’t bootstrapping also...?
uninterpreted observations and commands. : ! (sensor #2) Yes! It Is a huge problem with many different aspects to it,

and it Is at the intersection of many scientific communities.

1 We are focusing on a few aspects related to low-level
+ TKH DJHQW PXVW REWDLQ D PRGHO RI LWV RZQ ERG\ sensorimotor interaction, that we believe ready for

DOQOG XVH WKH PRGHO WR SHUIRUP D XVHIXO WDVN (Can you guess which one Is the camera and which the range-finder?) a rigorous formalization and solution.
(described “intrinsically” or by an external reward)

The agent’s assumptions are described by

Bootstrapping | the classes of “representation nuisances” tolerated
needs assumptions Mathematical formalization

the assumptions about the data needed by an agent t OYHUWLEOH WUDOVIRUPDWLROV DUH UHSUHVHOWH
+ 7TKH SUREOHP LV UHMHFWLQJ ILIHG QXLVDQFHV FD
T 7KH DIJHQW PXVW EH LQYDULDQW WR REVHUYDWLRQ
contra-variant to commands nuisances.

T WLV XQOLNHO\ WKDW WKHUH LV D SUDFWLFDO VROXWLRQOQ el be described by
for the problem in its full generality. the transformations that the agent can tolerate

t ([LVWLQJ OHDUQLQJ PHWKRGV H/ J V\\E¥amEe: | SURR9Se (AL WwepNant 1R express:

WA\SLFDOO\ ZRUN ZLWK UHVWULFWHG FODVVHY RI PRGHOV | up & %ODEN ER[ YLHE 1 WL
the agent d(_)es not have any assu_mptloP Uz &  censormotor cascade o> group nuisanc Y GUY group nuisance
f %RRWVWUDSSLQJ FDQ EH VHHQ DV DQ D Vere tabalinaprdey) r (afjthe signals U e—— o V3 on observatlonsl l on commands
with less and less assumptions about the world. QO Y U o
This Is equivalent to:
T % XW KRZ WR VWDWH WKHVH DVVXPSWLRQV" | Uy — o V1
(HOW do we measure progress?) “the agent can tolerate a random (bUt flxed) Uy ——— 6DPH EODFN ER [:E X;w‘ LW K
pel‘mu'[atiOn O.I: the Signalsn e a representation nuisance Va
/ZR NLQGV RI DVVXPSWLRQV
1) Class of moc_:lels for the Wor_ld. assumptions (not) needed corresponding transformations
2) Representation of observations/commands. “world”
that must be tolerated
lebeling (order) of the signals permutations
measurement units linear transformations
Optl mal agents intrinsic sensor calibration diffeomorphisms App“ca’ugn (0 rObOth SEeNsorimotor Cascades
extreme cases:
Im USt be |nvar|ant no assumptions needed all 1-to-1 maps tolerated (!) |
_ _ PRGHO LV SUHF L \hid ensfo@Batios tolerated + 'H DSSOLHG W Kodati¢isdnsbHnibior vastades.
tO representatlon NUISances . . . | . . T HVWXG\ JHQOHULF PRGHOV WKDW FDQ UHSUHVF
This concept induces a partial order of agents: an agent is more powerful than another If it can .
. . . sors (cameras, range-finders, etc.) and actuators.
| | tolerate a larger class of transformations (and therefore it has less assumptions).
The representation of the signals - o |
does not affect: T ; Q Y DU Lds Q\E @‘UIdlng prlnCIpIe behind the theory.
T REVHUYDELOLW\ _ _ _ _ _
T FRQWUROODELW\ DeS|g Ni ng |nvar|ant bOOtStrapp| ng agents ICRA'11 paper: canonical robotic IROS’11 paper: more effi-
T UHZDUG IXQFWLRQ LI DSSOLFDEOH sensors can be represented by a cient models suitable for
I 3LOWULQVLF PRWLYDWLRQ] JRDO relatively simple class of models. raw data streams.
(if applicable) Invariance by canonization Invariant task design
(J ,Q D VHUYRLQJ WIDVN JLY H'Qontrol tensors” learned for camera
therefore: The behavior of an optimal ,GHD $ FDQRQL]|DWLRQ RSHUDVGRHWD DHWWAa LW B VIN IIL\@W@\IAFMUQIVCD_WD?(E@N@Hg[VLRQV y(t) \ \ ) \
bootstrapping agent must be invariant on the data and gets rid of the nuisance before ILQHG WKHQ LI ZH PDNH*WKMOREMMHEW W] QV N \
to representation nuisances. it reaches the agent. “Pontifical features” give a  function invariant to the nuisances, chooseu(t) such that A W ¥ J. \ .
| way to construct such operators. the agent is automatically invariant. £ -\ s ndtinvariant ¥ velocity W > ngular vel. i
KLV LV D I D OVLILDE O H WHVW WR FKHFN R SWLPDO I__W\ to a linear transformationy Y Ay “control tensors” learned for range-finder
and to understand hidden assumptions + Modular design (acts as a filter) (OHIJIDQW VROXWLRQ t - B3 W JP-=cov(y). N\ [ N
needed by an agent. LQGHSHQGHQW RI DIJHOQWYYV WDWE KRF DQDO\WLYV IRU HDkdaww DV N ' \
- Cannot be applied to commands nuisances. ! \'« |
Al . \ “ ,,
X velocity y velocity angular vel. eIl =l




