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Disassembly
Of flexible elements

 Use case

Disassembly Of flexible elements

*  Challenges
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Task

Physical
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* Unstructed Environments
« Uncertainities

« System performance

System components security
* Required Force
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ADAPTIVE SYSTEM h & Gymnasium

Action space

o Direct position actions in the system
State space

o Joints force, position, elastic characteristic

Agent strategy: the agent strategy is related with
the reward function. This reward function is the way
that we specify to the algorithm what is important to
learn.

RL algorithm: different kind of RL algorithm can be
used for this application. The objective is to
compare different algorithms with different kind of
status indicators and in that way construct an
autonomous system.
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Environment base clase

reset()

step()

action_space

observation_space

Ros2 Implementations

iiwa_task.py

F-_-_--—-

iiwa_env.py

robot_gazebo_env.py

v

Ros2 package that setup and
spawn all the necessary
controllers and configurations
of the KUKA iiwa robot for
simulation and real-world

f/
t iiwa_bringup

A

Robot commands

Robot commands

KUKA iiwa real Robot

task specific configurations robot specific configurations
« action_space <:| = motion and planning <: robot controllers and simulation configuration setup
observation_space . get fk s

p episode mﬁ%’umn - get ik » controller spawn and activation
+ home _pasilions = gripper_commands « simulation control
» reward_function = get_sensor

— information

» command robot
Robot Movements

Gazebo
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Extraction Trajectories

54— Agent Trajectory
—— Ideal Trajectory
—— Random Trajectory
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SYSTEM

e Reward function variation

o When the material stiffness change during the
task, the system is uncapable to learn about
different scenarios with different forces.

o This is related to the task objective that is
dependent on the force.

e Incorporation of advanced indicators

o |Is proposed a normalized reward function in
order to overcome the different stiffnesses
during the task.

o Is necessary to give the system the stiffness of
the flexible element
1kerlan
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MONITORING SYSTEM

REWARD NORMALIZATION

e Reward function: “-:5

R = W1 * Distance — W2 * Force*2 ':
o W2 ->w2(k)
SOLUTION X-axis [mn]

=04 -0.2 0.0 0.2 0.4 0.6 08 1.0

e Incorporation of advanced indicators

o |Is proposed a normalized reward function in
order to overcome the different stiffnesses
during the task.

o Is necessary to give the system the stiffness of New INna ICator:
the flexible element Element stiffness
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MONITORING SYSTEM
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Force [N]

Dlrectiog

ADAPTIVE REWARD FUNCTION )
e Original Reward function: oo % s
=t
E:. " Preferred b 2 14
R = W1 * Distance — W2 * Force’2 | Direction Direction®

: uF;:rEe»lﬁ]' )

S =
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PROPOSAL

e Incorporation of advanced indicators

o Is proposed a normalized reward function in order to overcome the different stiffnesses during the task.
o Is necessary to give the system the stiffness of the flexible element
o The normalization is made in eac of the element at the beginning of the episode
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| Monitoring System

v

Uncertainties | > Real-case

* Increase the application performance
« Maximize the use of elements

« (uarantee the robot integrity
L
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Flexible element
current state estimation
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Learning curves
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Figure 7: Disasscmbly task force analysis of PPO, SAC, DDIP’G algorithms in S cnvironment configuration.




Real World
Experiments

* Reuse Of policy

* Retrain Policy
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Real World Setup

Attached points
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Correct Extraction Incorrect Extraction
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ADVANCED INTELLIGENT SYSTEMS
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Robotic solutions for disassembly tasks: control challenges and
prospects overview

Tapa Sal Paz Benjamin Sorrvosal Gorka Callega Carlos Maneisidor Aulziber Cabanes Itziar

Tapia Sal Paz Benjamin, Sorrosal Gorka, Calleja Carlos
Ikerlan Technology Rescarch Centre, Basque Rescarch and Technology Alliance (BRTA), 20500 Arrasate,
Spain.
btapia@ikerlan.cs
Mancisidor Aitziber, Cabanes Itziar
Faculty of Engincering in Bilbao, University of the Basque Country (UPV/EHU), 18013 Bilbao, Spain.

Keywords: robotic disassembly, robotic control, reinforcement learning (RL), artificial intelligence (Al),
remanufacturing.

The advancement of robotic technology has significantly transformed various industrics, including r i ing. This paper
explores the development and optimization of robotic systems for disassembly Lasks, a key process in lacturing. Di bly is
crucial for automating end-ol-life product management, particularly within the context of circular economy initiatives. The inherent
complexity of disassembly operations, due to the divense range of materials, geometries, and conditions encountered, poses significant

hallenges for jon. These chalk itate with high levels of antonomy and flexibility Lo handle unstructured
and dynamic envi king robotic ideal solutions. The incorporation of artificial intelligence techniques enhances
the capabilitics of robotic systems, enabling them to effectively manage these challenges and perform well even in proviously unscen
scenarios. This paper aims Lo identify and address the main challenges in aul P using robolic systems,
focusing on three key aspects: compliance, perceplion, and decision-making. ‘Through a « hensive review and lysis, the
paper highlights the potential for improving sustainability, efliciency, and automat; product lifeeycle management and end-of-life
treatment. It showeases the promising prospects of advanced robotic disassembly technologics and underscores Lheir role in advancing
sustainable manufacluring practices and contributing Lo a circular cconomy.
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Reinforcement Learning Based Control for Robotic Flexiblg El-

ement Disassembly \0

Tapia Sal Paz Benjamin Sorrosal Gorka Mancisidor Ailziber
ce (BRTA), 20500 Arrasate,

Tapia Sal Paz Benjamin, Sorrosal Gorka
Ikerlan Technology Research Centre, Basque Rese:
Spain.
btapia@ikerlan.es

Tapia Sal Paz Benjamin, M:
Faculty of Engineering in 23

Sl 10]

Keywords:

ing the uncertaintics of dynamic interaction forces using a local RL-based control that learns to extract a flexible
-force trajectories, a crucial factor in preserving the physical integrity of components and extending the lifespan
of reusable parts. After training of the Rl-based control, the robot de an understanding of the envi showing
robustness against different scenarios in a simulated environment. During test experiments, the proposed control executes trajoctories
that exert similar forces to ones where a perfect understanding of the environment exists. As a result, this rescarch demonstrates how
the integration of Reinforeement Learning ean address the challenges of dynamie and unstructured scenarios in disassembly operations,
contributing to the advancement of intelligent disassembly processes, enabling the use of robotics systems to automate disassembly
PrOCeSSeS.
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- Adaptive system
» RLis suitabe for physical interaction
tasks challenges

» Monitoring sytem

o Stiffness Indicator
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