REINFORCEMENT LEARNING ALGORITHMS FOR CONTACT-RICH MANIPULATION TASKS

Project description

The automatization of manufacturing processes, such as assembly tasks, is pivotal in industrial
applications. Automatizing assembly tasks is particularly complex due to two main reasons. Firstly,
assembly tasks involve the so-called contact-rich manipulation operations, such as insertion and
screwing, during which there are contacts between the components to be assembled. Secondly,
position and dimension of the components are known with uncertainty, typically higher than the
clearance required to accomplish tasks. Humans handle these two problems by exploiting
information elaborated by our perception system to adapt to the external environment. In contrast,
contact-rich manipulation tasks can be particularly complex for robots, which are not equipped with
humans’ remarkable perception and compliance capabilities.

Consequently, the traditional solution implemented to accomplish assembly tasks is to realize a
special-purpose machine [1], a one-of-a-kind machine designed to assemble a specific product. In
these machines, properly designed mechanisms place each object, at the right time, in a fixed
position to compensate for uncertainties. This strategy is opposite to the approach followed by
humans, based on adapting to the external environment. The drawbacks of special-purpose
machines are the costs of realization, installation, maintenance, and adaptations to each product
modification. Consequently, these machines are economically feasible when the product life is long,
production volume is high, and there are minimal product variations over time.

The employment of robotic manipulators for contact-rich manipulation tasks is an interesting
alternative to special-purpose machines. Robotic manipulators are much more flexible than special-
purpose machines since they can be re-programmed in case of product modifications or at the end
of the product life. However, accomplishing assembly tasks with a robotic manipulator in the
presence of uncertainty and tolerances is particularly challenging. Over the vyears, several
benchmarks have been proposed, see, for instance, the benchmark proposed by Siemens (Figure 1).
Despite recent advances, the use of manipulators in unstructured environments, like in assembly
tasks, is still a challenging problem worth investigating.

The high-level strategy implemented with robotic manipulators consists of equipping robots with a
sufficiently informative sensing system and designing a reactive control strategy that, as performed
by humans, modifies the robot's motion in accordance [1,2,3,4]. However, the derivation of reactive
controllers by hand is complex and time-consuming. Recent advances have shown Reinforcement
Learning (RL) potentialities in the automatic resolution of several complex control problems. RL
algorithms learn to accomplish a task by optimizing a cost function based on outcomes collected
while interacting with the environment [5].

Most RL-based solutions proposed for contact-rich manipulation resort to the so-called Model-Free
RL (MFRL) [6,7,8]. Conveniently, MFRL algorithms do not derive a model of the system dynamics,
which, in these setups, is particularly complex. Despite interesting results, the poor data efficiency
of MFRL, i.e., the high number of tests on the real system required to converge, limits its applicability.

Model-Based RL (MBRL) is a data-efficient alternative to MFRL [9]. MBRL exploits collected data to
build a system evolution model and optimizes the policy on the model instead of the actual system.



Deriving a model that accurately describes the complex dynamics of the system is the most
challenging aspect of MBRL for contact-rich manipulation tasks. For this reason, there are only a few
examples of MBRL algorithms for contact-rich manipulation tasks [10].

The ultimate goal of this project is deriving novel MBRL solutions to solve contact-rich manipulation
tasks, with particular attention to two modeling aspects neglected by the few MBRL algorithms
proposed in this context.

e The first one is the derivation of grey-box models of contact-rich manipulation systems
merging information from data with prior knowledge of the system.

e The second one is the inclusion of physical constraints in the derived models. For instance,
consider the peg-in-hole task. The peg motion is constrained by contacts with the hole and
the environment. This project aims at deriving models that account for this kind of
constraints when they simulate the system for policy optimization, thus avoiding that the
policy plans unfeasible control strategies.

By leveraging grey-box models and inclusion of physical constraints, the proposed approach aims to
improve modeling performance and speed up the whole learning process. As regards the
methodology, we envision to rely on Bayesian approaches for the modeling tasks, in particular
Gaussian Process Regression [11], which already proved remarkable data efficiency in robotic
applications, see, for instance [12] in actual RL applications.

FIGURE 1: Pictures of the Siemens benchmark befbfe and after assembling.
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