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Challenges

How to enable real-time robotic decision-
making in unknown, unstructured, and 
dynamic environments?
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Data à Representation: derive a finite-rank approximation model 
of belief dynamics

Representation à Skills: solve the belief space planning problem 
given the approximation model

Belief dynamics

Planner
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bk+1 = LkTkbk

Ground truth
One-step approx.

Intuition: improve the fidelity of the 
reduced-order model by modeling the 
coupling between the error state and the 
reduced state

M-Z based belief abstraction:
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Simulation comparison between generalized cell mapping and the proposed method. 

Particle model 
under influence of nonlinear 

and uncertain flow field 

System 
dynamics

Observation 
model

Binary detection 
model

Planning 
objective

Minimize travel time 
to reach target set with 

high probability

Q: how to enable real-time robotic decision-making in unstructured and 
unknown environments?

Hierarchical plannerM-Z based belief abstraction
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First work in applying the M-Z formalism to robotics application, where 
the memory kernel depends on robot action and observation.

Algorithm overview:

Input layer

…

LSTM layer Fully connected layer

…

Regression layer

… … …
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