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1. Addressed Problem
1.1. The Fourth Industrial Revolution

In https://www.celaton.com/news/item/the-fourth-industrial-revolution-the-future-of-work.html (Accessed in 2019-03-28) 
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1. Addressed Problem
1.2. Open Challenges and Opportunities of CPS in Manufacturing

Trust and usability

Robustness, predictability and 
reliability

Fault Tolerance and Safety

Cybersecurity

Programming abstractions, hardware 
and software architectures
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Complex Robotic 
Applications often require 

the INTEGRATION of several 
software modules.

Usually, strategies rely on 
PROBLEM SPECIFIC

orchestrators. 
(monolithic conditional cascading structures, nested 

switch statements, or ad hoc task planning)

1 https://en.wikipedia.org/wiki/Spaghetti_code

The ORCHESTRATION of 
Robotic Applications is not a 

trivial problem, even if 
interfaces are well defined. 

1. Addressed Problem
1.3. Motivation for a Digital Manufacturing Stack for Robotic Applications
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HORIZONTAL INTEGRATION

Provide INTEROPERABILITY between
robots and industrial equipment
(Automated Warehouses, 3D printers, …)

VERTICAL INTEGRATION

Ensure BI-DIRECTIONAL communication
between robots and higher vertical
systems in the architecture (MES, ERP, …)

1. Addressed Problem
1.3. Motivation for a Digital Manufacturing Stack for Robotic Applications
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SKILL-BASED ROBOT PROGRAMMING
Reducing Costs of Adapting Robot Applications by promoting Reusability

COMMUNITY-
SUPPORTED

TOOLS

& 
STANDARDS

COMMUNITY-
SUPPORTED

TOOLS

& 
STANDARDS

TASK-LEVEL ORCHESTRATION
Promoting Intuitive and Flexible Robot Programming

VERTICAL & HORIZONTAL INTEGRATION
Establishing Generic Interoperability with Manufacturing Management
Systems and Industrial Equipment

2. Open Scalable Production System
2.1. Objectives
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2. Open Scalable Production System
2.2. Proposed Architecture
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2. Open Scalable Production System
2.2. Proposed Architecture
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2. Open Scalable Production System
2.3. Proposed Architecture: Advanced Plant Model (APM)
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• Central Entity that stores a near real-time
Digital Representation of the ongoing
state of the shop floor, in the form of
Semantic and Geometrical information:
• Logistic Warehouse: Racks, Boxes, Palettes,

Kits, Parts
• Assembly Line: WorkStation, Manufacturing

Line.
• Fixed + mobile robotic manipulators
• Production Schedule

• Synchronizes a Digital Twin
representation between multiple software
modules in the system

2. Open Scalable Production System
2.3. Proposed Architecture: Advanced Plant Model (APM)

Task 5.2 – APM – 3D Visualization 

• Manufacturing Area Model (navigations tasks) • Task Context Model (manufacturing tasks)
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Task 5.2 – APM – Implantation - 2D editor

• Simoldes use case • PSA use case

• 2D editor within the APM allows to specify which physical objects are implanted thus 
building the World Model of the physical area 
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2. Open Scalable Production System
2.3. Proposed Architecture: Advanced Plant Model (APM)
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2. Open Scalable Production System
2.4. Proposed Architecture: Production Manager (PM)
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• Responsible for managing a set of Production Resources in a Production
Environment

• Issues & Controls the execution of production schedules defined by MES
(Task Assigner)

• Monitors the ongoing performance of previously issued production tasks
(Task Tracker)

• Can provide a set of services for aiding the execution of the issued tasks,
that require a centralized approach. (Ex.: Navigation Manager – TEA*)

Production Manager
Kitting, Machine Tending, …

Manages the execution of a Production Tasks:
Industrial Robots, AGV, Mobile Manipulators, …

…… Navigation
Manager

Task
Assigner

Task
Tracker

2. Open Scalable Production System
2.4. Proposed Architecture: Production Manager (PM)
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Task 5.4 – Production Manager (PM)

• Responsible for managing a set of 
Production Resources in a Production 
Environment

• Issues & Controls the execution of 
production schedules defined by MES
(Task Assigner)

• Monitors the ongoing performance of 
previously issued production tasks
(Task Tracker)

• Can provide a set of services for aiding the 
execution of the issued tasks, that require a 
centralized approach. 

• Allows the import of custom production 
orders (logistic warehouse environment)

Task
Assigner

Task
Tracker

Task 5.4 – Production Manager (PM)

• Manufacturing Tasks Management between PM and TM
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Task 5.2 – Synchronization of the Data Model between the APM/PM and TM
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2. Open Scalable Production System
2.5. Proposed Architecture: Task Manager (TM)
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• Central Module running onboard the Robot

• Provides Integration Mechanisms between
the Robot, APM & PM

• Orchestrates production tasks in the form
of sets of robotic Skills

• Task Scripting approach based on
Hierarchical & Concurrent State Machines.
(ROS SMACH)

• Supports Task Scripting based on SCXML
files

2. Open Scalable Production System
2.5. Proposed Architecture: Task Manager (TM)
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2. Open Scalable Production System
2.6. Proposed Architecture: Skill-based Robot Programming
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• Meant to be Hardware Agnostic.

• Should be Reusable by different platforms, for
different tasks, and in different environments.

• Built on top of ROS Actions.

• Each Skill is constructed as a ROS Action Server.

• TM implements the ROS Action Client.

2. Open Scalable Production System
2.6. Proposed Architecture: Skill-based Robot Programming
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2. Open Scalable Production System
2.7. Proposed Architecture: Horizontal Integration
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2. Open Scalable Production System
2.7. Proposed Architecture: Horizontal Integration
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3. Industrial Application Examples
3.1.  H2020 ColRobot Demonstration
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3. Industrial Application Examples
3.2.  H2020 ScalABLE4.0 Preliminary Demonstration
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3. Industrial Application Examples
3.3.  H2020 FASTEN Preliminary Demonstration
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3. Industrial Application Examples
3.3.  H2020 FASTEN Preliminary Demonstration
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