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Human Robot Teaming in Uncertain Env.

Our goal: create and solve realistic models for
coordinating teams of humans and robots in
uncertain environments
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Non-Visual Activity Modeling

Output Output Output p < .05* p < .05* p <.01**

1xNumClasses = 0 Class2 %0 [ b < .01% b < 05" I .45 45

softmaxLayer  {} [ 10 ]

Classificati ﬁ .40 -40
1x1000 80
:
Fully Connected Layer ﬁ

Softmax Layer

Yo Class1 2 2
1000 Hidden Neurons t O dass2 | = S 35 35
Tanh activation O cass3| o <
1X (6 x 60 x NumChannels) P .70 wn
y—
LSTM —
Convolutional Layer ﬁ - =3 = 30 30
Filter Size = 6 = =
ReLU activation . = <
[ exwmtens ]| s g =
X (60 x NumChannels
Two Stacked
i Discriminant i = —— =~ 25 25
Max ?o?l.ing Layer ﬁ Function so P’ /,
Filter Size =20 _I .5 4
(60x NumChannels) Feature Extraction ° 0 °
223 Features Extracted ﬁ N h s -
Convolutional Layer i T 25 Fedtues Btracted CNN LSTM LDA SEMG-+Inertial Only Inertial CNN LSTM
Filter Size = 60
ReL U activation _I
Input Input Input
(a) sSEMG+Inertial CNN (b) sSEMG+Inertial LSTM (c) LDA

Frank, Kubota, and Riek, IROS 2019.
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Multimodal Contextualized Activity Recognition

SVM LDA KNN
‘ Vicon Myo Vicon+Myo | Vicon Myo Vicon+Myo | Vicon Myo Vicon+Myo
Automotive (Gross motion) .79 42 43 .76 48 49 .88 58 .59
Block (Fine-grained motion) .09 37 .36 { .23 39 .36 ‘ 32 43 43

Kubota, Igbal, Shah, and Riek, ICRA 20109.
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Goal . Waypoints . Robot Low Priority Group A High Priority Group

Taylor, Matsumoto, and Riek, AAAI 2020; Taylor, Matsumoto, Xiao, and Riek, In review
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« Sample efficient RL for POMDPs
e Our method Katt, Oliehoek and Amato - ICML 17
. - /) collision avoidance
* Scalable method that learns the factorization to g ’// g
generalize more quickly - " b il
* Novel sampling and particle reinvigoration method for J_,‘Wmf'll 1y A
estimating belief over states and models il
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* Significantly outperforms previous methods and i S —

scales to larger domains |
Katt, Oliehoek and Amato - AAMAS 19
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* Problems decompose into subtasks, which we call
macro-actions

 Allows for asynchronous decision-making

e Current deep multi-agent reinforcement learning
can’t incorporate asynchronous (macro-)actions

* Developed

 Methods for centralized and decentralized
learning Xiao, Hoffman and Amato — CoRL 19

* As well as centralized learning for decentralized
execution Xiao, Hoffman, Xia and Amato — ICRA 20
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Xiao, Hoffman, Xia and Amato — ICRA 20
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Future work

* More scalable and sample-efficient learning
* Better integration between learning human models and robot policies

e Evaluate models with human robot teams at the UCSD Medical
Simulation and Training Center
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