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CONTROLLER RELATED TO THE TIME VARIANT ENVIRONMENTS

TRAINING DATASET
An autonomous system can find unexpected
Al-based controllers learn to solve the conditions.

problem given a dataset.

1ikerlan

MEMBER OF BASGUE RESEARCH COPYRIGHT, CONFIDENTIAL AND PROPRIETARY. ALL RIGHTS RESERVED - PROPERTY OF IKERLAN, S. COOP. This information carrier and the information it contains are the property of Ikerlan, S. Coop. Any reproduction,
& TECHNOLOGY ALLIANCE disclosure or use of either is prohibited without the prior written consent of Ikerlan, S. Coop. Ikerlan, S. Coop. reserves worldwide all rights also in the case of industrial property rights being granted. The same provisions apply to any oral
communications related thereto accordingly

RISK ASSESSMENT

Safety specifications must be
guaranteed even in unexpected
conditions.



Shielded RL

Shielded RL

Shielded Reinforcement Learning.

Shielded RL is a reactive method, i.e., it only corrects the agent’s proposed action when it foresees that the
action will lead the environment to violate the safety specifications (unsafe states).

State S¢
Agent Action a¢ Commonly, the shield uses a model of the
(= — — environment dynamic.
1
I
| Feedback . . . .
| reward In time-variant environments, Shielded RL shows
State Rewar —_—— a shortcoming regarding its robustness.
St | rtf
Environment ¢ _
Safe action a’**
Odriozola-Olalde, H., Zamalloa, M., & Arana-Arexolaleiba, N. (2023, January).
Shielded Reinforcement Learning: A review of reactive methods for safe
learning. In 2023 IEEE/SICE International Symposium on System Integration
(SID (pp. 1-8). IEEE.
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Shielded RL

Shielded Reinforcement Learning.

Unsafe

states
(Sunsafe )

Hidden
Unsafe
states

Shielded RL in time-variant environments

Outdated environment dynamic model.

Safe

states
(Ssafe)

Odriozola-Olalde, H., Zamalloa, M., & Arana-Arexolaleiba, N. (2023, January). Shielded Reinforcement Learning: A
review of reactive methods for safe learning. In 2023 IEEE/SICE International Symposium on System Integration (SII)
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Shielded RL

Shielded Reinforcement Learning.

Unsafe

states
(Sunsafe )

Hidden
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states
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Shielded RL in time-variant environments

Outdated environment dynamic model.

Until the model is updated, the predictions and
the reached states can differ.

During this period, previous safety guarantees are
lost.

Odriozola-Olalde, H., Zamalloa, M., & Arana-Arexolaleiba, N. (2023, January). Shielded Reinforcement Learning: A
review of reactive methods for safe learning. In 2023 IEEE/SICE International Symposium on System Integration (SII)

1ikerlan

(pp- 1-8). IEEE.

MEMBER OF BASGUE RESEARCH COPYRIGHT, CONFIDENTIAL AND PROPRIETARY. ALL RIGHTS RESERVED - PROPERTY OF IKERLAN, S. COOP. This information carrier and the information it contains are the property of Ikerlan, S. Coop. Any reproduction,
& TECHNOLOGY ALLIANCE i i

disclosure or use of either is prohibited without the prior written consent of Ikerlan, S. Coop. Ikerlan, S. Coop. reserves worldwide all rights also in the case of industrial property rights being granted. The same provisions apply to any oral

communications related thereto accordingly



Concept

Proposed solution
Fear Field: Adaptive constraints in time-variant environments.

As humans the caution measures according to our
confidence and knowledge of the environment,
proposes adapting the safety constraints depending on the
In the environment’s model accuracy
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Concept

Proposed solution
Fear Field: Adaptive constraints in time-variant environments.

A significant change in the environment’s dynamic

Hidden makes the actual model outdated.
Unsafe
states
St
ar 7
Unsafe 7 Safe
St+1 Sf:fd g

states b states
(Sunsafe) (Ssafe)
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Concept

Proposed solution
Fear Field: Adaptive constraints in time-variant environments.

_ A significant change in the environment’s dynamic
Hidden makes the actual model become outdated.
Unsafe

states The Euclidean distance between the previous step’s

predicted and reached states is computed.

Unsafe ++ Safe o5 [ — s

states ks states
(Sunsafe) (Ssafe)

pred
St+1 F St4q
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Proposed solution
Fear Field: Adaptive constraints in time-variant environments.

Unsafe
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Csunsafe)
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Concept

A significant change in the environment’s dynamic
makes the actual model become outdated.

The Euclidean distance (6) between the previous
step’s predicted and reached states is computed.

Safe state space is shrunked the computed §
distance, generating the Fear Field subspace.

With the outdated dynamic model, the shield predicted
state is now within the Fear Field.

Even if the predicted state is safe, it is undesirable due
to its proximity to an unsafe state.
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Concept

Proposed solution
Fear Field: Adaptive constraints in time-variant environments.

Therefore, the shield proposes an action a;** that
makes the environment transit to a safe state.

Hidden
Unsafe
states

Unsafe .. Safe

states = states
(Sunsafe) o) (Ssafe)

~_Fear
Field
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Proposed solution
Fear Field: Adaptive constraints in time-variant environments.

o
\/_
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Model update Fear Field deactivation
While the Fear Field is enabled, a dataset is If all the model predictions match the reached states
sampled to update the environment’s dynamic in a defined continuous number of steps, the Fear
model. (Npgiaset) Field is disabled. (ngteps)

Fear Field
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Environment definition

Experiments -
Experiment setup.

< Modified version (10x10 grid) of Frozen Lake, an OpenAl Gym-
based GridWorld. s

-
e

- Bi-dimensional discrete reach-avoid problem.

« Periodically, the world is slippery: the robot will move an additional
square for the same action.
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Environment definition

Experiments
Experiment setup.

Tabular Q-Learning algorithm ( library) and shield with time
horizon h = 1.

A Neural Network based environment dynamic model.

The Fear Field width is directly proportional to the difference
between the predicted and reached states.
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Preliminary Results

Experiments -
Resullts.

" 1 | T
100 — oI T W — "
E 50— —
:
g Max. 100 steps per
1. _ episode
3 —Q-Learning
——Shielded Q-Learning
——Shielded Q-Learning + Fear Field

Episode
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Preliminary Results

Experiments
Results.

T " ”M_N o With Shielded RL no unsafe states were reached
|/ during the first training process.

In the slippery period (episodes 350-550), it can be
- observed that both Q-Learning and Shielded Q-
S LTS i Learning suffer from in the

i episodes immediately after the change made in the
environment’s dynamic (episode 350).

Cummulative reward

Non-slippery 3 Slippery Non-slippery

Episode

Q-Learning  Shield FF
Mean unsafe states 0,77192% 0.0156% 0.00179%
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Experiments

Results.

Cummulative reward

Non-slippery

Slippery

——Q-Learning
——Shielded Q-Learning

Shielded Q-Learning + Fear Field

Non-slippery
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Preliminary Results

Fear Field significantly reduces, by

approximately, the unsafe state reached
after the environment has changed. In the 60% of the
trials performed, Fear Field obtained a null number of
unsafe states.

In the remaining 40% of trials, the reason for reaching
unsafe states was that the

The shortcoming of the Fear Field is that after
transitioning to a previously unknown environment,
the is higher than only Shielded
RL.

Mean unsafe states 0,77192% 0.0156%  0.00179%
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Conclusions

9

Shielded RL

An interesting method for decision-making
controllers due to its effectiveness in
avoiding unsafe states. However, in time-
variant environments its effectiveness is
decreased.

Sk

Complex environments

The Fear Field algorithm must be tested
and validated in stochastic, high-
dimensional, continuous environments
closer to real problems.
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Fear Field

Fear Field showed a significant
improvement in reducing the unsafe
states reached. Nonetheless, an increase
in convergence time is observed.

o7

Hyperparameters

Further research on how hyperparameters
affect the safety constraint violation rate
must be studied.
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