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Motivation

Modeling Framework

System dynamics

A Markov decision process 

Environment model

A set of state attributes (atomic propositions)

A true labeling function

Agent’s belief as a probabilistic labeling function 

Task specification

A temporal logic formula represented as 

a deterministic finite automaton

Task-Oriented Active Perception and Planning

Divergence test

Risk assessment

Active perception strategy

Simulation and Empirical Results

Ablation study in a planar 

navigation task

• Replanning improves 

performance at the cost of 

more computation

• Active perception 

improves performance

TurtleBot navigation in a 

Gazebo environment

• Gathering task-relevant 

information

• Successful navigation with 

partial environment model

Drone Navigation in Simulated 

Urban Environment (AirSim)

• Fusing depth and RGB data

• Associating data with 

the environment model

Conclusion and Future Directions

Conclusion

• Studied decision making in environments with partially known semantics

• Proposed a task-oriented active perception and planning framework that integrates 

learning through perception with decision-making under uncertainty

Future directions

• Extending to settings with uncertain or unknown dynamics and evolving environments

• Incorporating a priori side knowledge for perception

Paper: Task-Oriented Active Perception and Planning in Environments with Partially Known 

Semantics, International Conference on Machine Learning (ICML), 2020.
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Autonomous agents in real world

• Decision making under partial knowledge

• Access to large-scale, multi-modal, and noisy data

Question: How to process data efficiently and

make decisions trustworthily?

Machine learning algorithms

• Handling large-scale high-dimensional data

• Fusing heterogeneous data

Control algorithms

• Providing performance guarantees

• Ensuring safety constraints

Contributions

1. Characterize information utility

2. Guide active perception while 

planning

3. Provide runtime guarantee on 

task success

Theorem: (sampling complexity for statistical verification)

For any                   and                     , if                          , then it holds that

Theorem: (computational complexity of exact verification)

Quantitative verification of a Markov chain with    states and    atomic propositions with partial semantics 
against a reachability specification requires computation over a computation graph of size                .
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node                                            = 

(

belief over states of the MDP,
belief over states of automaton, 
uncertainty reduction in relevant 
atomic propositions,
probability of reaching the root 
state
)


