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* Industry 4.0 paradigm: = Niryo One simulated robotic arms: 6-axis open source collaborative robots designed
* Industrial robots, e.g. robotic arms, and automation; for R&D built upon the open-source Robot Operating System (ROS).
* digital transformation of modern industries towards service-oriented industries; = Connectivity between the Edge and Robots Machines is based on srsRAN, an open-
* unprecedented levels of flexibility, safety, productivity, cost-efficiency and smart. source SDR LTE full-stack implementation.

= Digital Twin (DT) is the smart and evolving
virtual counterpart of a physical system, and
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* Thanks to Edge-computing, NFV and 5G:
= DT as a network service; Physical
= lightweight and cost-effective robots. robot
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= Robot Command abstraction-levels: Strong correlation with industrial use-case.

Addressed research queStionS/prOblemS = High-level commands: low precision in position control. Use-cases: polishing,
grinding, and welding

= Middle-level commands: medium precision in position control.

= System prototypes to to gradually validate and optimize Digital Twin solutions. = Low-level commands: high precision in position control. Use-cases: waterjet cutting,
= An effective characterization of the Edge-based DT service is required by automated drilling, and milling processes

resource scaling and orchestration frameworks to achieve resource usage savings and
performance guarantees:

« DT senvice resource profiing Experimental DT Service Characterization

= Exploration of the parameters influencing the service resource requirements.

= Experimental Edge-based DT Service evaluation: CPU profiling
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Novel contributions

» Edge-based, virtualized implementation of a DTaaS prototype for robotic arm remote
control in an experimental laboratory testbed;
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= An insight into the entanglement between service resource requirements and service
demand load, i.e. the number of robots concurrently requesting the DT service; Middle-level command High-level command
= Novel evaluation of the impact of industrial applications, i.e. command abstraction- Tmem ) e
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levels, on the DT service resource profile.
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= ADT solution for robotic arms is decomposed into VNFs:

= Driver VNF: low-level interface with the robot hardware and sensors.

= Control VNF: runs a hard-real-time-compatible control loop towards the Driver VNF.

= State VNF: it is in charge of computing the direct kinematic.

= Motion Planning (MP) VNF: it receives as input both the current and the desired
robot end-effectors and computes the inverse kinematics and the trajectory.

= Commander VNF: Commands validation and redirection.

= Digital Twin (DT) VNF: it provides high-level abstraction of the robot and of the entire
service stack, hosting updated robot's virtual replica, and enabling user applications to
Interact with the robot through the DT.
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* For future research, the testbed is going to integrate enhanced radio communication
technologies, i.e., 3G;

* Design and deploy an automated smart network service orchestrator able to ensure
resource utilization and energy consumption optimization while avoiding running into

Smeltted and PUb"Shed WOrkS service disruptions caused by shortage of allocated resources. Atrtificial intelligence and
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