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Introduction: Problem statement Overview

Drug development is becoming more and more complex, which calls for advanced technical solutions, As a part of our reference architecture model, we present:

* A hierarchical decomposition of the workflows, focusing on
robot-related activities

especially in terms of automation and system integrationl. Supportive laboratory robots are enabling the

connection of stand-alone equipment by the means of labware transportation and other types of physical . The corresponding layers of the control pyramid
Interactions. The ultimate flexibility can be achieved by mobile manipulators (MoMa’s). These platforms, . An information representation framework, which is needed
however, represent a high degree of complexity in terms of control architecture and interoperability. Integrating to enable a teaching-free robot integration

them reliably still requires the dedicated work of specialists. Finally, we present an outlook on future lab robot capabilities.

Methods: The reference architecture model (LAPP-RAM) Results: Proof-of-concept studies

Hierarchical decomposition of laboratory workflows?2 Implementing the control architecture and the ontologies
In order to automate such a complex process, as a laboratory assay, a multi-level breakdown into mutually The different levels of granularity are reflected in a multi-layer
exclusive sub-activities is required=. Our framework characterizes high-level (outcome-oriented) and low-level control architecture, where a scheduler triggers high-level
(hardware-specific) activities. Lab robots implement labware transfer in the form of motion sequences. activities on the devices, which execute them in a hardware-
specific way, interacting with the physical world.
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Position representations for mobile robots with the LAPP DT Next Ste PS
Storing robot (base- and arm-) positions in the context of lab entities enables a teaching-free lab robot setup. Advanced manipulation and human-robot collaboration
C World () D Enhancing lab robots’ capabilities (e.g., to enable skilled

= manipulation) Is possible via advanced cognition and
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Fig. (E): A VR headset Is used to control the movements of
a mobile manipulator to Implement simple object
manipulation. The virtual cockpit is shown on the right,
Fig. (C): Hierarchical position representation in the LAPP Digital Twin ontology featuring stereo and side views and a live robot model.

Transformation originates from inaccurate base odometry

Transformation originates from accurate sources
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