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Problem Overview
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Summary

Robots can learn from many types of interaction: Goal:
demonstrations, preferences, corrections, rewards, and more. )
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INQUIRE is a generalized model of information gain for multiple interaction types, resulting in: Demonstration Preference Correction Binary Reward
e Faster learning compared to heuristic-based or single-interaction baselines

e Robust querying across high- and low-information states

e Cost-aware querying that balances informativeness with the teacher’s time/effort to respond

> Can we enable the robot to select the most informative interaction based on what it knows
and what state it's in? content _>

A QO___/

Present Query

For

Results

maximally Update ®
i Distance - Lunar Lander Performance - Lunar Lander ost - Lunar Lander - - |
® V? ryl N gt th € e | (Changing State) = Eraaey- Oy 1 ,__(fcringmg State) e C(Clt1anl~|_g|ng ;tat:) I n fO rm at I Ve M Od e I | ‘ | , Eva I U ate
In eraC IOn == Corrections-Only o 09 | . .

s o5 Deoe O : 5 o0s — Possible
type reS U ItS § 0.4 i ‘ :DI\:leleJrleRnEces-Only % > E 0.4 # u p d ate . ReS O n SeS
in faster » 2 » :
learning than ® o ¥\—\— 2 o5 ® o
flxed . ik ) # of cglojeries ° ” o ) # of Ql(L)leries > - : Accumulatéc(:)loQuery Céiot 0 I n d i Cate ReS pO n Se
basel INES. Distance = Lunar Lander Perform(a;nce - ;una; Lander Cost - Lunar Lander C h a I Ie n g e :

(Static State) | 1 tatic State e (Static State) . . . s . . ]

e INQUIRE can ey oy N s o All interaction types provide training data, but differ based on:

accommodate *\ ) “ememo £ AT e Number of proposed actions by robot

low-information foe s L3 g L — e Constraints on teacher's response

States bette r O.cl) | Z: .0 0 50 100 150 200

th a n basel | n eS O - 4 of Ql(L)leries - = 2 2 4 of ngeries L =0 Accumulated Query Cost A p p ro a c h

param, Estimation Linear l;)yn. System Linea.lr Dyn. System Lunar I..ander Luna.r Lander Pizza A.rrangement Pizza} Arrangement "
Freq : Static State) (Changing State) (Static State) (Changing State) (Static State) (Changing State) (Static State) ( W S ) — ar g m a.;X m aX E A I Cz ( q ) [I G ( W ‘ C) ]

e INQUIRE can ' ?f 1€L g€Qi(3) .

.dlrectly - 4 J J J ‘ i All possible Feedback Informativeness

InCO rpO rate COSt ’ Qulgry# - 0 ° Qulgry# . 0 ° Qulgry# " 0 Query# . 0 ° Qulgry# " 0 i Qulgry# - 0 ° Qulgry# " 0 querieS ChOiceS Of the user,s

metrics to take (a) Selected interaction types without cost-weighting using Interaction  resulting feedback choice ¢

a!dvantage. ot ot our " (ChangigSta) _ (SmBcsws)  (ChangingSiats) (Static State) P'i?f.'f"?&'&’im i type | from query q

“‘inexpensive” 11T L

query types: s 3 M - P(C‘UJ)
— arg max max P(clw) - log—=——""""—""—=
' €Qi(s) D weq Plcjw)

5 10 5 20 5 10 15 20 5 10 15 20 15 20 5 10 15 20 19 20 5 10 15 20 Z 6 I q z w , E Q

Query # - Query # Query # Qey# Query # Qery# Query # CEC’L (q) wEQ

(b) Selected interaction types with cost-weighting



