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For robots to robustly and flexibly interact with humans,
they need to acquire skills to use across scenarios. One way
to enable the generalization of skills is to learn representa-
tions that are useful for downstream tasks. Learning a repre-
sentation for interactions requires an understanding of what
(e.g., objects) as well as how (e.g., actions, controls, and
manners) to interact with. However, most existing language
or visual representations mainly focus on objects, for ex-
ample, aligning language with world states via CLIP-like
method (Myers et al. 2023). These representations enable
robots to interpret intents such as which object to be picked
up. But such representations cannot be used to understand
sentences like “move slower so you don’t spill water” or
“help that person move the box.” To enable robust human-
robot interactions (HRI), we need a representation that is not
just grounded at the object level but to reason at the action
level. The ability to reason about an agent’s own actions and
other’s actions will be particularly important for long-tail in-
teractions, e.g., interactions that are safety-critical or novel
interaction scenarios, as collecting large datasets for these
interactions will be costly or even impossible.

Specifically, my research focuses on leveraging the com-
positional nature of language and reward functions to learn
representations that generalize to novel scenarios. Together
with the information from multiple modalities, the learned
representation can reason about task progress, future behav-
iors, and the goals/beliefs of an agent. The above ideas have
been demonstrated in my research on language understand-
ing and social interactions.

To build representations for language understanding, I uti-
lize compositional linguistic structures like parse trees to
combine representation learned for different words to guide
motion planners to follow natural language commands (Kuo,
Katz, and Barbu 2020a,b). The structure of sentences is re-
flected in the structure of policy networks to enable robots to
understand novel commands and act rationally in new sce-
narios. When associating sentences with environment fea-
tures and an agent’s past trajectory, the linguistic represen-
tation can scaffold the hypothesis of future trajectories (Kuo
et al. 2022). To build representations for social interactions,
I show how composing an agent’s own reward and the re-
ward estimation of other agents can give rise to novel social
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interactions between agents (Tejwani et al. 2022, 2023). The
recursive reward estimation improves an agent’s Theory of
Mind reasoning capability to enable robots to accurately rea-
son about sequences of actions.

While continuing my research on building compositional
representations for HRI, my next research plan include ex-
ploring the desired properties of the learned representations
such as interpretability and fast inference (Jha et al. 2024)
and exploring solutions to adding these properties, which are
ongoing work in my group.
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