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Abstract

This document presents the final technological advances of the SMARTHANDLE project regarding
the dexterity enablers, which allow the smart interaction of dedicated grippers and tools with the
workpieces to carry out the different manipulation actions as expected in manufacturing
processes. In turn, this allows for a better adaptation to the varying conditions inherent to current
industrial and processing lines (at both product and line levels). These initial advances are
organized into four main areas aligned with the WP objectives: (1) the development and
integration of grippers and sensorial systems specifically designed to enhance dexterous handling
capabilities; (2) the implementation of versatile grasping and manipulation strategies capable of
adapting to a wide range of object types and geometries, including both known and unknown
items; (3) the implementation of algorithms that support the robust and efficient execution of
manipulation movements under real-world industrial constraints by detecting objects and their
properties, as well as humans and their postures; and (4) the consideration of human-robot
collaboration by ensuring safe interaction in shared workspaces, including the ability to
dynamically adapt behaviors in the presence of human operators. These efforts are directed
toward practical applications across a variety of object types and working conditions, with special
emphasis on sensorial enhancement, dexterous control, and human-aware interaction.

Executive summary

The main objective of the SMARTHANDLE project is to enable dexterous and intelligent robotic
handling capable of adapting to the dynamic and diverse conditions of modern industrial and
processing lines. This document presents the final technological outcomes related to the dexterity
enablers, as defined in Work Package 3 (WP3), which directly contribute to this overarching goal.
In particular, the purpose of this deliverable is to report on the developments carried out within
the scope of WP3, which include: T3.1 — Sensorial system and mechatronics for proficient
workpiece handling; T3.2 — Control methods for grasping of intractable and sensitive objects; T3.3
— Perception algorithms for operator and object recognition & localization; and T3.4 — Behavior
libraries for advanced teaching methods of single/dual arm robots. Following the introductory
section, the document presents the developed technologies across four key areas, emphasizing
their integration into the three distinct use cases of the SMARTHANDLE project. A series of
accompanying videos also demonstrate these technologies in action. The final section provides an
overview of the progress achieved and outlines the next steps for refining and deploying these
dexterity enablers.




