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How to Evaluate AI Systems?

https://www.huffpost.com/entry/move-37-or-how-ai-can-
change-the-world_b_58399703e4b0a79f7433b675

https://www.huffpost.com/entry/move-37-or-how-ai-can-change-the-world_b_58399703e4b0a79f7433b675


Ethics Guidelines for Trustworthy AI ςOverview

Lawful AI

Three levels of abstraction

Ethical AI Robust AI

Trustworthy AI as our foundational ambition, with three components

Human-centric approach: AI as a means, not an end

from principles 
(Chapter I) 

to requirements 
(Chapter II) 

to assessment 
list (Chapter III)

https://ec.europa.eu/digital-single-market/en/news/ethics-guidelines-trustworthy-ai

https://ec.europa.eu/digital-single-market/en/news/ethics-guidelines-trustworthy-ai


Ethics Guidelines for Trustworthy AI ςPrinciples 

4 Ethical Principles based on fundamental rights 

Respect for 
human 

autonomy

Prevention of 
harm

Fairness Explicability

Augment, complement 
and empower humans

Safe and secure. 
Protect physical and 
mental integrity.

Equal and just 
distribution of 
benefits and costs.

Transparent, open 
with capabilities and 
purposes, explanations

https://ec.europa.eu/digital-single-market/en/news/ethics-guidelines-trustworthy-ai

https://ec.europa.eu/digital-single-market/en/news/ethics-guidelines-trustworthy-ai
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TAILOR ςVision

Develop the scientific 
foundations for Trustworthy AI

integrating learning, optimisation
and reasoning
realisingthe European Vision of 
human-centered trustworthy AI.
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Boosting Capacity to Tackle Major Scientific Challenges

ÅA core network of outstanding AI research centres and major European 

companies (partners) plus mechanisms for extending the network 

(network members and connectivity fund) to be adaptive and inclusive.

ÅFive virtual research environmentsto address the major scientific 

challengesrequired to achieve Trustworthy AI supported by AI-based 

network collaboration tools.

ÅStrategic research and innovation roadmap to drive the long-term 

scientific visioncombined with bottom-up coordinated actions 

collaboratively addressing specific research questions.
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Human and Computational Thinking
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TAILOR ςBasic Research Program
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Reasoning and 
Learning Group KR

ωTemporal logics

ωStream reasoning

ωVerification and 
validation

MAS
ωUtilitarian 

combinatorial 
assignment

ωMulti-agent RL

ML
ωGaussian Processes 

(GPs)

ωGenerative models
(GANs)

ωSynthetic data

ωReinforcement 
learning (RL)

6 PhD students

2 Postdocs
1 Research engineer

NFFP / UDI



Research Overview

Learning generative models based on trajectory data

Probabilistic logical reasoning over observed and predicted 
trajectories

Utilitarian Combinatorial Assignment



A principled approach to building collaborative 
intelligent autonomous systems for complex missions.

Collaborative Unmanned Aircraft Systems



Generalized Motion Pattern Model

Å Based on Gaussian processes

Å Generative auto-encoder

Multi -task

Å One-class classification

(anomaly detection)

Å Multi-class classification

Å Predict continuation

Å Predict sequence

Å Temporally align

trajectories

Motion Pattern Recognition
Perception & 
Anticipation

Decision 
Making & 

Interaction

Environment

Runtime
Verification

Tracker

Trajectories

Motion Pattern

Motion Patterns
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Example
Motion Pattern

Mean

Example

2ůObservations

Motion PatternsExample



Learning generative models based on trajectory data



Learning generative models based on trajectory data



Learning generative models based on trajectory data



Learning generative models based on trajectory data



Reasoning over Uncertainty
Pr(collision) = 0.1 Pr(collision) = 0.4collision: false

Pr(collision now) = 0.0... Pr(collision soon) = 0.5

Probabilistic Predictive Stream Reasoning

Reasoning over Predictions

MattiasTiger and FredrikHeintz. 2020.
IncrementalReasoning in ProbabilisticSignal Temporal Logic.
International Journal of ApproximateReasoning, 119:325ς352. Elsevier. 



Relative time to estimate Relative time to estimate from

always(Pr(altitude0|0Ҕ оύ җ лΦффύ

always(altitude0 > 3)

always(Pr(altitude2|0Ҕ оύ җ лΦффύ

true

false

Probabilistic Predictive Stream Reasoning



ÅProbabilistic

ÅIs the UAV inside the no-fly-zone?

ÅAnticipatory

ÅWill the UAV be colliding in the near future?

ÅIntrospective

ÅIs the prediction similar to the realization?

Reasoning 
over

Uncertainty

Pr(collision) = 0.1 Pr(collision) = 0.4collision: false

Pr(collision now) = 0.0 Pr(collision soon) = 0.5

Reasoning 
over

Predictions

Reasoning 
about

Predictions

Estimatedstate (now)

Predictedstate

Estimatedstate
(when predicting)

Probabilistic logical reasoning over observed and predicted trajectories



Challenges

¸ What is normal behavior?

¸ Is the robot behaving normally?

¸ Safe, but not task effective?

¸ Are learned models safe to use?

Our Approach

Use models with explicit uncertainty 
quantification for tight safety-bounds

Learn modelsof execution 
variations from action sequences

Monitor executionswith respect
to models during deployment

Monitor models with respect to 
executions during deployment

Perception & 
Anticipation

Decision 
Making & 

Interaction

Environment

Runtime
VerificationIntrospective Motion Planning and Control

[9] M. Tiger, et al. Enhancing Lattice-Based Motion Planning With Introspective Learning and Reasoning.IEEE Robotics and Automation Letters 6.3 (2021): 4385-4392.



Example AI-Robotics Stack and Simulation Environment 

Runtime
Verification

Lattice 
Planner

Trajectory Tracking
Controller (NMPC)

Task
Planner

Lower-level 
controller

Controlled 
System

DJI Matrice 100
Motion Planning and Control

State Estimator

DJI M100
Simulator

3D Pose

VirtualLIDAR

Monitoring 
and Learning

StaticObstacles

Collision
detection

3D scanned 
environment
of Gränsö, 
Sweden.

WASP research 
arena for public 
safety (WARA-PS)
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3D Exploration
Planner

Å

Å

Å

Coverage 
PathPlanner



Motion Planning Applications
3D ExplorationPlanning | Coverage PathPlanning

ÅMapping                                      Made efficient by Bayesian ML

Å Inspection

ÅSearch for anomalies

Large-scale, complex geometry, maze-like structures

[6] M. Selin, M. Tiger, D. Duberg, F. Heintz and P. Jensfelt. Efficient autonomous exploration planning of large-scale 3D environments. IEEE Robotics and Automation Letters 4.2 (2019): 1699-1706.
[7] D. Engelson, M. Tiger and F. Heintz. Coverage Path Planning in Large-scale Multi-floor Urban Environments with Applications to Autonomous Road Sweeping. IEEE ICRA (2022). (Submitted)



Motion Planning 3D Exploration RuntimeVerification Motion Pattern
Recognition

Many Publications Related to Different Components


