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1. Addressed Problem

1.1. The Fourth Industrial Revolution

1st

Mechanisation, Mass Computer &
Steam and production, Automation
Water Power Assembly lines,

electricity
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Cyber Physical
Systems,
networks, Al

1. Addressed Problem

1.2. Open Challenges and Opportunities of CPS in Manufacturing
h Programming abstractions, hardware
and software architectures
' Trust and usability

Robustness, predictability and
reliability

Fault Tolerance and Safety
0 Cybersecurity
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1. Addressed Problem (¢ FAST
1.3. Motivation for a Digital Manufacturing Stack for Robotic Applications ﬁ

Complex Robotic

m; Applications often require
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the INTEGRATION of several
software modules.

The ORCHESTRATION of
Robotic Applications is not a
trivial problem, even if
interfaces are well defined.

Usually, strategies rely on

3& ProBLEM SPECIFIC
@ orchestrators.

(monolithic conditional cascading structures, nested
switch statements, or ad hoc task planning)
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1.3. Motivation for a Digital Manufacturing Stack for Robotic Applications

VERTICAL INTEGRATION

K INESCTEC

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

HORIZONTAL INTEGRATION

Provide INTEROPERABILITY between
robots and industrial equipment
(Automated Warehouses, 3D printers, ...)
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SKiLL-BASED RoBOT PROGRAMMING
Reducing Costs of Adapting Robot Applications by promoting Reusability

2. Open Scalable Production System

2.1. Objectives

K INESCTEC

COMMUNITY-

SUPPORTED
TooLs TASK-LEVEL ORCHESTRATION

& Promoting Intuitive and Flexible Robot Programming

STANDARDS

VERTICAL & HORIZONTAL INTEGRATION

Establishing Generic Interoperability with Manufacturing Management
Systems and Industrial Equipment

2. Open Scalable Production System ¢¢) FASTEN r_(-f;.u

2.2. Proposed Architecture

MES /ERP/ ... SIM

Manufacturing Execution System . . =
Enterorise Resource Planning Simulation & Decision Support
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Logistic Equipment ‘?}q Production Equipment
Automated Warehouse == APM 3D Printer

_ Advanced Plant Model

loT Platform

L4
ﬁ ]
Production Manager
Kitting, Machine Tending, ...
Manages the execution of a Production Tasks:
Industrial Robots, AGV, Mobile Manipulators, ...

Production Resource #1 (R%°/ Production Resource #2 (R0S) Productions Resource #3 (ROS)
Industrial Robot AGV Mobile Manipulator
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2. Open Scalable Production System

2.2. Proposed Architecture
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P

MES

Defines operations & routing 7. .
Defines task assignments to
production resources

Manufacturing Execution System

Production
Schedule
an‘ 3D model of bly li i
efines 3D model of assembly line
or logistics warehouse Advanced Plant Model
Defines 3D model of parts and Production
finished products Schedule
Defines robot task state machines Task
and goals for task execution Robot Contoxt Task
as|
Profile PM Model She
Production Manager
Rebot Task
Heart State
Beep Machine
Goals
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2. Open Scalable Production System

2.3. Proposed Architecture: Advanced Plant Model (APM)
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MES /ERP/ ...

Manufacturing Execution System . : SIM .
Enterorise Resource Planning Simulation & Decision Support

Logistic Equipment Production Equipment
Automated Warehouse APM 3D Printer

_ Advanced Plant Model _

loT Platform

Production Manager
Kitting, Machine Tending, ...
Manages the execution of a Production Tasks:
Industrial Robots, AGV, Mobile Manipulators, ...

Production Resource #1 (R%°/ Production Resource #2 (R0S) Productions Resource #3 (ROS)
Industrial Robot AGV Mobile Manipulator
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2. Open Scalable Production System

2.3. Proposed Architecture: Advanced Plant Model (APM)

» Central Entity that stores a near real-time
Digital Representation of the ongoing

L] i’*
state of the shop floor, in the form of \ \ ‘% -

Semantic and Geometrical information:
* Logistic Warehouse: Racks, Boxes, Palettes,

K INESCTEC

Kits, Parts
» Assembly Line: WorkStation, Manufacturing
Line.
* Fixed + mobile robotic manipulators ®
» Production Schedule =d =
* Synchronizes a Digital Twin ’
representation between multiple software
modules in the system —

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

» 2D editor within the APM allows to specify which physical objects are implanted thus
building the World Model of the physical area

* Simoldes use case” " * PSAuse case -
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2. Open Scalable Production System ‘ s
2.3. Proposed Architecture: Advanced Plant Model (APM) A”
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Advanced Plant Model (APM)

Configuration of an Assembly Line
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2. Open Scalable Production System {¢) FASTEN F_f-f;mu

2.4. Proposed Architecture: Production Manager (PM)

MES/ERP/ ... SIM
Manufacturing Execution System . . -
Enterprise Resource Planning Simulation & Decision Support

Logistic Equipment Production Equipment

Automated Warehouse ﬁ APM 3D Printer

_ Advanced Plant Model _

loT Platform

Production Manager
Kitting, Machine Tending, ...
Manages the execution of a Production Tasks:
Industrial Robots, AGV, Mobile Manipulators, ...

Production Resource #1 (% Productlon Resource #2 (ROS) Productions Resource #3 (ROS)
Industrial Robot Mobile Manipulator
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» Responsible for managing a set of Production Resources in a Production
Environment

2. Open Scalable Production System

2.4. Proposed Architecture: Production Manager (PM)

» 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, ... Task

Assigner
Manages the execution of a Production Tasks:

Industrial Robots, AGV, Mobile Manipulators, ...
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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 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

Q 2. Open Scalable Production System ¢¢) FASTEN \‘;r,é..m...
o 25.P d Architecture: Task M ™

§ roposed Architecture: Task Manager (TM) ﬂ%gnn}r
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2. Open Scalable Production System

2.5. Proposed Architecture: Task Manager (TM)

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
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2. Open Scalable Production System

2.6. Proposed Architecture: Skill-based Robot Programming
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2. Open Scalable Production System
2.6. Proposed Architecture: Skill-based Robot Programming
+ 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.
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#goal definition
Int32 waitTime
#result definition
int32 percentage
string skillStatus
#feedback

int32 percentage
string skillStatus

testMissionld

|

Waitskill

2. Open Scalable Production System

2.7. Proposed Architecture: Horizontal Integration

{e" FASTEN ()

EE=8
BRASIL oo

BLE4.0

12



K INESCTEC

K INESCTEC

1/13/2020

2. Open Scalable Production System

2.7. Proposed Architecture: Horizontal Integration

ese ———
:::ROS &= ® .
eoe L L L

CODESYS

Beaglebone Black

m Shared Memory

Industrial

| Communication

I
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3. Industrial Application Examples
3.1. H2020 CoIRobot Demonstratlon
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3. Industrial Application Examples €€ FASTEN r_;p':m

3.2. H2020 ScalABLE4.0 Preliminary Demonstration
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o 3. Industrial Application Examples s
'6 3.3. H2020 FASTEN Preliminary Demonstration
r
Z Parts will be outside
— of the plastic Tray will be mapped in the APM. The robot will know
wrapping. which parts are in a region, and where this regions is.
Only one type of part
per tray region
There might be i H
multiple of the same b e e "
type in a given 4 ‘
region.
AW might contain up
to 4 trays per level
Production Order (PO)
(from SAP) will me
emulated. Embraer will
create an exemplary order.
PO will trigger Task
Kitting Zone execution request by PM
A to the robot’s TM
Communication with
28 AW will be simulated
at this point.
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3. Industrial Application Examples ¢¢' FASTEN (e

3.3. H2020 FASTEN Preliminary Demonstration
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from knowledge
production to
science-based
innovation
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