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Contributions from PhD theses of X. XU & G. ANGELOTTI
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- “In search of invariants in varying 
electroencephalography signals for brain-computer 
interfaces” 
defended by Xiaoqi XU on January 27th 2023.

- “Advances in Risk-Aware Offline Reinforcement 
Learning: A Study of Data Augmentation, 
Explainability, and Policy Selection”
defended by Giorgio ANGELOTTI on June 12th 2023.
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Context and Contributions

Context
How to improve Human-Machine Interaction (HMI) offline?
(i.e. from previously collected data?)

Data collection with Human in the Loop is expensive
→ Lack of HMI data
→ Data (inter-subject) variability (cf. presentation X.Xu)

Contributions in Offline Reinforcement Learning (ORL):
● Data augmentation
● Risk-aware Policy selection
● Application to HMI

Giorgio ANGELOTTI – some PhD Thesis contributions
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Context
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Offline Reinforcement Learning

● No interaction to explore (no trial and error)

● Learns from a data set of experiences

● Possibly become better than the recorded agent

Levine et al.
Offline Reinforcement Learning: Tutorial, Review and 
Perspectives on Open Problems
(2020) arXiv preprint
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Context
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Challenges
● Vanilla Temporal Difference algorithms not good without 

exploration

Optimistic
in front of 

Uncertainty
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Works
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Angelotti, Drougard, Chanel
An Offline Risk-aware Policy Selection Method for Bayesian MDPs
Submitted to an International Journal

Angelotti, Drougard, Chanel
Offline Learning for Planning: A Summary
(2020) Proceedings of the 1st Workshop on Bridging the Gap Between AI Planning and Reinforcement Learning at the ICAPS

Angelotti, et al.
Our method applied to HMI
Submitted to an International Conference

Angelotti, Diaz Rodriguez
Towards a more efficient computation of individual attribute and policy 
contribution for post-hoc explanation of cooperative multi-agent systems using 
Myerson values
(2023) Elsevier’s Knowledge-Based Systems

Angelotti, Drougard, Chanel
Expert-guided Symmetry Detection in MDPs
(2022) Proceedings of the 14th International Conference on Agents and Artificial Intelligence

Angelotti, Drougard, Chanel
Data Augmentation Through Expert-Guided Symmetry Detection
to Improve Performance in Offline Reinforcement Learning
(2023) Proceedings of the 15th International Conference on Agents and Artificial Intelligence

 

Review of the
literature of offline learning
(missing at the time)

Can we improve the data 
efficiency of algorithms in the 
offline context?
Validation of expert proposed 
symmetries

How to select a deterministic risk-sensitive policy 
between many?
Robust offline policy selection with the Bayesian 
formalism

Can we apply these methods to Human-Computer 
Interaction with Physiological computing?
Robust application to Firefighter Robot use case

Explainability for 
Multi-Agent Systems

}
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I Data augmentation/efficiency

7

Contribution:

Check if an alleged symmetry k is valid 
and use the resulting knowledge for data 
augmenting.

proportional to the size of 
the intersection!
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I Data augmentation/efficiency

88
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II Risk-aware Policy selection 
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Contribution:
A method to offline evaluate and select deterministic policies in a risk-sensitive way
technique to do so for small finite states and actions MDPs.

Exploitation vs Caution – step 1

Intuition behind 
risk-sensitive metrics
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II Risk-aware Policy selection 
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Reiterate until the estimate has the wanted statistical significance

Estimate the same value 
for every different policy 

in the candidate set, 

{Policy_1, …, Policy_n}

then select the one that 
maximizes the 

Risk-sensitive metric!

Exploitation vs Caution – step 2
Policy_1
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II Risk-aware Policy selection 
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Environments



RAPPEL DU TITRE DE LA PRÉSENTATION POWER POINT 
03/11/2023

II Risk-aware Policy selection 
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(< 10 states, < 10 actions)

Ring: NORBU ☑ , EvC ☑

Chain: No best method

Usage of 
trivial policy 
increases with 
batch size

Results

https://www.alt-codes.net/check-mark-symbols.php
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III Application to HMI
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Application to Mixed-Initiative Human-Robot Interaction

● Human Supervision

● Dangerous consequences of bad policies

● Limited previously collected data set

● Partial observability
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III Application to HMI
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Application: Offline RL with Human-in-The-Loop and Physiological 
Computing
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http://www.youtube.com/watch?v=G19hCRtgqwg
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III Application to HMI
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Contribution:
technique to do so, 
specific to the 
application to our 
use case
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Uncertainty in observation function

Batch of experiences
Random Interaction 

Policy

Uncertainty in 

transition function

Observation 
function
p(o|s’,a)

Transition 
function
p(s’|s,a)

Classifier confusion matrix:
Dirichlet Prior for POMDP Observation

What is missing? A method to 
include model uncertainty for 
learned POMDPs and to 
compute a robust policy

15

MDP
State SOLVE ROBUSTLY THE

POMDP AND THE MDP
TAKING INTO 
ACCOUNT
MODEL UNCERTAINTY
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III Application to HMI
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Evaluate the mixed-initiative interaction policy
compare following policies:

1. Data collector policy (Random)

2. Full automatic policy

3. MDP adaptive strategy with physiological and behavioural data

4. POMDP adaptive strategy with physiological and behavioural data

CER-2018-070



RAPPEL DU TITRE DE LA PRÉSENTATION POWER POINT 
03/11/2023

III Application to HMI
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III Application to HMI
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Belief of performance
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Brain Computer Interface for Human Machine Teaming
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Teaming up better with people,

by better understanding their state.

→ EEG-based Brain Computer Interface!

Offline Reinforcement Learning could improve Human Machine Interaction.
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Context:

How to design a classifier for BCI that tackles inter-subject EEG variability?

Contributions:

● Laplacian (spatial)
● Path signature (temporal)
● Topological data analysis (spatio-temporal)

20

Xiaoqi XU – some PhD Thesis contributions

Context and Contributions
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Context

EEG varies between 
sessions and subjects
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Context
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Context
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Contributions
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Publications
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