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Uncertainty is a primary challenge that 

robots must handle to be competent in many 

complex, human-centered domains.

Find my glasses

Motivating example: helping an elderly person find a 

missing pair of glasses

I remember seeing 

them last time in 

front of the TV

Act under [constantly present] uncertainty about

where are the glasses?
(partial observability)

what is the robot looking at now?
what will the robot observe if it performs an action?

(perceptual uncertainty)

Interact with humans through natural language 

[subjective, ambiguous]

My long-term research goal is to 
enable robots to act in the human 
world and interact with humans 
in a principled manner.
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Two basic types of uncertainty

1. Partial Observability Pr 𝑠𝑡 ℎ𝑡
2. Perceptual Uncertainty Pr(𝑜𝑡|ℎ𝑡 , 𝑎𝑡)

POMDP: < 𝑆, 𝐴, Ω, 𝑇, 𝑂, 𝑅, 𝛾 >

principally models

Solving POMDPs for real world problems is computationally prohibitive. Our key idea is to exploit 

structures in the human world (e.g., octrees, correlations) and human-robot interaction (e.g, spatial 

language), which significantly reduces unrealistic compromises that previous work make (such as 

constraining to 2D and object independence). Decision-making is primarily based on general-

purpose online POMDP planning algorithms (e.g. POUCT) with problem-specific adaptations.

Short-term: Focus on the dialogue object search problem and develop a system capable of 

deciding what to say and how to act simultaneously, and conduct experiments with human subjects.

Long-term: Keep working on human-centered domains and the importance of interaction through

natural language. Continue to address decision-making under uncertainty especially partial 

observability, with the intention to build real, practical systems; Expand solution methods to data-

driven approaches and learning + planning. Expand to domains involving object interaction.

Act

Interact

Multi-resolution POMDP 

planning for 3D object 

search based on octrees

Hierarchical POMDP planning 

for Correlational object search Spatial language 

understanding for object 

search in urban areas

Dialogue

object search
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Uncertainty in robot decision making (PhD research)

Also: open-source 

library for POMDPs
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Uncertainty in robot perception (earlier work)

Mobile robot 

navigation 
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Large-scale

semantic mapping 

and probabilistic 

modeling of spatial 

knowledge
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