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Supply <
Demand

Less
Competitive

)

Steady
demand

Market

Volatile
demand

\

More
Competitive

Supply >
Demand

Product Volume

Manufacturing in a Nutshell

2,
% Craft
wdu(:tu)n 1850

Unified g Modular
architecture System Architecture reconfigurable
1955
[ Dedicated ]
Lines
Mass |
Production —>| FMS
RMS
o

General-Purpose
machines

:>
Product Variety
Homogenous . Heterogeneous
Low Cost Products Society Needs Products

(Jovane, Koren and
Boér, CIRP Annals,
52/2, 483-695, 2003)

Current Focus:

®m Cyber-physical
systems

® Cloud
manufacturing

® Human-robot
collaboration

Programming-free
machine control

®m Additive
manufacturing

m MBSE

04/05/15



Manufacturing Paradigms
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Mass Lean Mass Reconfigurable Sustainable
Production Manufacturing Customisation Manufacturing Manufacturing
1913 1960 1980 2000 2010

Model-based Systems Engineering

Scientific Nano/bio
Operations Computers knowledge materials

Interchangeable management

parts /

//—\

Sustainability

Responsiveness

i)

Variety

Quality

Criteria of
manufacturing paradigms

(Adapted from Koren and Ulsoy, “Reconfigurable manufacturing systems,” ERC/RMS, University of Michigan, 1997)
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Model-based Engineering

MANY INSTANCES AND FLAVOURS OF MBD!!!

“Computerized models used to support engineering
throughout the life-cycle”

Purposes: communication, documentation,
analysis and synthesis

Drivers: Complexity, "Criticality” and "Reuse”
Requires appropriate methodology and strategy
— Formalization comes at a cost

04/05/15



Viewpoints and Interrelations
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Architecture
ECU/electronics Networking

A CAN database
~Q

Integration tests

Software

Sensing,
estimation
and control

Vehicle

dynamics g

Project
management €.

o)
<%
d
s O°F
it A < * Power
Afam enankce, _ . Mechanical CAD, PDM * Propulsion
ter-market Production/  Dijagnostics, components * Thermal

parameterization  Sypport tools
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Product related “Information Mountain”
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Maintenance
information

mring information
/De/sign’informa‘rion

Information

.

Concept  Design Prototype Production Delivery Maintenance Time

Fragmented storage in various specific IT systems (PLM, ALM, ERP,
CRM etc.), resulting in “Inconsistency management”
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Example case study: Information
sharing in factory design

Process planningegm

Flow design

S g Wy Sy Wy S A e e
g =g #'48 8 Bﬁg [

Factory layout

04/05/15



Model Integration and Decoupling

Basic relations: Coupled systems; Model Equivalence;
Model abstraction/refinement
 But much more concerns involved!

Multiple integration scenarios; Problems and Opportunities!

Challenge: Efficienctly dealing with change management, reuse,
consistency, and leveraging added value services

Approach:
* Architecting engineering environments
 DSLs and code generators for data integration
* Viewpoint contracts and dependency modelling
* OSLC based integration and data warehousing

04/05/15 10



Multi-level Approach for Dealing with
Viewpoint Interrelations

Viewpoint 1 Viewpoint 2

Process
$S920.d

04/05/15
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Example Contracts:
Control-Embedded SW with Timing Constraints

Agreement and obligations regarding functionalities and timing properties
 SW engineers: execute functions; meet timing requirements

* Control engineers: ensure correct closed-loop behaviour

Example contracts:

» "ZET’ ~ the synchronous approach

» 'LET’ ~ the PLC / Giotto approach

» 'BET’ ~ interpretation of FPS

» 'DET’ ~ deadline monotonic scheduling
» 'TOL’ ~ Tolerances on time variations

Basis for communication and agreements
Targets specific scenarios
Support for modelling and simulation

04/05/15 12



Dependency
Model
Example

Courtesty of Ahsan Qamar
(KTH PhD)
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Robot Mechanical Design

Highlighting Selected

|
rovas menirore MGlatlonS
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Robot
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i I Zoomed in 1
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S~
/}’
Robot Control Design Robot HW/SW Design
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Federated Tools and Data Exchange

Authentication Transformation Process Management Traceability
Tool Engine Tool tool

Change
Tool Integration Framework
- Open Services for Life Cycle i

Collaboration (OSLC)

UML
tool

co-design
tool

Non iFEST
Compliant
tool

iIFEST ARTEMIS project
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O No edge grouping O Group all edges
O Group same type edges_| Edge network routing

Architecture
— Browser
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o for Automotive

T . Embedded SW
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ARSI T Demonstrator

T\ (Scania and KTH)
,j; I

04/05/15



Presentation Outline

¢ Introduction to Manufacturing

¢ Life Cycle Data Integration

¢ Cyber- and Cloud-based Applications
* Remote Monitoring and Control
* Remote Assembly
* Human-Robot Collaboration

¢ Conclusions

04/05/15

17



SEB, .
ficriy Cyber vs. Cloud Manufacturing

% VETENSKAP
38 OCH KONST 9%

e

—— Cyber-Physical — Dynamic — Adaptive
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Operators Engineers

Web-based Integrated
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Cyber World

Real World
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Application Server

Distributed Process Planning
Dynamic Scheduling
Real-Time Monitoring
Remote Control
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Service Levels in the Cloud

Typical computing
applications

You manage
1

Applications
Data
Runtime
Middleware
O/S
Virtualisation
Servers

Storage

Networking

Infrastructure
(as a Service)

Applications
Data

Runtime

You manage
1

Middleware
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Virtualisation
Servers

Storage

Networking
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Platform
(as a Service)

Applications

Data
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Runtime

Middleware
/S
Virtualisation
Servers

Storage

Jopuan Aq pabeue

Networking

Software
(as a Service)

Applications
Data

Runtime
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Storage

Networking
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Benefits of Using Cloud

= WANINI® Scale up or down based on demand - quickly!

BROAD The resources are always available and can be instantly
ACCESS accessed and deployed from anywhere, any time.

FAULT Degree of replication including geo-replication provides
JEOINS VAN fault tolerance. High availability.

COST- Pay only for what we use. Economies of scale allow cost

EFFECTIVE reduction.

04/05/15
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Cloud Manufacturing Concept
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- Cloud computing - provides
,_ D services (IaaS, PaaS, SaaS$, AssS)
ppppppp - N B\ with high reliability, dynamic

M L scalability, and availability over
the Internet

uuuuuuu

- Cloud manufacturing - is
based on cloud computing and
offers adaptive, secure and on-
demand manufacturing services
over the Internet of Things

Bl

PPPPPP

Cloud Computing
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What Is Cloud Manufacturing?
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Cloud Manufacturin
:
B \13~4 %@D@ Customer
% y

Suppliers

Cloud Computlng

Cyber-Physical System

Production

Distributors

Engineering

M “is an integrated cyber-physical system that can provide on-demand manufacturing
services digitally and physically to best utilise manufacturing resources.”

- L. Wang et al., “A cloud-based approach for WEEE remanufacturing,” CIRP Annals - Manufacturing Technology,
Vol.63, No.1, pp.409-412, 2014
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Virtual to Real via Cloud

ROYAL INSTITUTE
OF TECHNOLOGY

WVirtual
| Publish
4. __________________
>
Subscribe
Internet Factory Network

Application Server Q = =
=26 &
S 2 |a =.

3 3 3
»".. m

Pushlet L 0 < —

o o @ .

= = :

= 3 :

@ ® o )

x Postlet Wrapper p =
Device Adapter = S all...... o
User-n ) 2 =

@

04/05/15



o

%%\%a

fxriy Model-based Remote Monitoring

3% OCH KONST 9%

I

ROYAL INSTITUTE
OF TECHNOLOGY

Virtual Universe

Simple
Universe

TG: Transform Group

Branch
Group

® Java 3D uses scene graphs to
represent models.

A scene graph must have a
virtual universe as a base to
hold graphical components.

Branch
Group

Behavior

B [t may have many branches.

@ @ (> ¢ ¥ > Abaw @ 9 2 WP & D Select J30 Modek: [Wise-ShopFloor -

Java3D Viewer Status Monitor

Platform

I < .4
N Vs
% N Pl
Scene Graph . ‘
of Shop Floor/ ~ — — T — View —— — — —»  View

- n B Three scene graph branches are used to
e o i e e _— generate a Wise-ShopFloor_
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A Mini Robotic Assembly Cell
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Virtual Universe

Background

Viewpoint
Control
Base
Platform
Joint-1
Behaviour
Control

A mini robetic assembly cell

Joints 2-5 ]
Gripper
Behaviour A Behaviour node . User defined codes
Control
. TransformGroup node @ Geometry

Gripper . BranchGroup node 0 Appearance
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Wise-ShopFloor

04/05/15 (L. Wang et al., "A Sensor-Driven 3D Model-Based Approach to Remote Real-Time Monitoring," CIRP Annals — Manufacturing Technology, Vol.60, No.1, pp.493-496, 2011.)




Data Size Comparison
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1 2 3 4 5 6 7 8 9 10 11 12 13

Relative position of 6 joints Absolute position of 6 joints CW

0.017% 100%

An 8-bit VGA Camera Image One Scene in Java 3D
640x480 (307,200 bytes) Any size (52 bytes)
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§ ﬁi% Needs of Remote Assembly
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OF TECHNOLOGY (I Unit process mOde“ing \
= Process-feature mapplng

= Adaptive machining process planning
= Reconfigurable assembly planning

= |ntelligent algorithm embedding
Cyber \ y

Process Cyber-Physical Link
Planning

]

\

= Resource selection
= Job dispatching

= Remote machining
= Remote assembly
= Execution control

= Status monitoring

= Machine availability
checking

= Abnormal event
detection

Adaptive
Decision
Making

m
x
(1)
(@]
C
=
o
=

Suniojiuo
shieils aulydeAl

J

|

Wireless Shop Floor Sensor Network

Physfcal

= Real-time data acquisition
= Data analysis and feature extraction

Distributed and Dynamic Manufacturing Processes
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Wise-ShopFloor Virtual Environment

Actual Objects Real Robot

Factory Network

-
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- Capturing
9 —

Vision Camera

Physical Assembly

: Remote Operator Pinhole Camera Model
©< 3D Model-Driven Assembly
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o 2 — Virtual Robot
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e Accessing
= Processing
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® The system convert the
silhouettes of the objects in
the top-view snapshot to a
set of vertical pillars with a
default height.

B The camera is then used to
take a sequence of new
snapshots of the objects
from other angles.
Projecting the silhouettes of
each snapshot back to the
3D scene creates a number
of trimmed pillars.

Shape Approximation by Trimming

Snapshot 1

Actual object SA A

Snapshot4 - Snapshot 2
BN s
~ \\ ,
Silhouette of e Modelling
the object ,/ error
projected on )/ .
the scene / PN \

Snapshot 3
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Camerain
top view
position

Pillars Construction

system
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Projected
2D point

2D image
array

2D silhouette

B The first snapshot taken by
a camera provides the top
view of the objects.

Pillar

B The captured image helps
the system to construct an
initial representation of
the 3D models based on
the extracted silhouettes of
the objects.

- Maximum height
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Trimming process:

® Projecting the pillars one by
one from the 3D space to the
image plane as 2D line.

Extracting the pixels that are
shared by the projected line
and the silhouette of the object,
which reveals a trimmed line.

Projecting back the trimmed
2D line to the 3D space to
replace the old pillar, resulting
in a trimmed new pillar.

Trimming of the Pillars

3D point
of a pillar

Pillar —|

Pillar with —
multiple
subsections

o

@ Silhouette and initial pillars

A
7

Lef

@ Trimmed pillars in 3D space

-

is placed

@® Projected lines on image plane

!

\5

© Trimming of projected lines

AV

U
-

For the ease of understanding, the image plane

in parallel of the pillars. The image

plane can be in any pose for trimming.
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£ wise.wiseshopfloor.coreJ3DViewer
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(L. Wang et al., "Remote Robotic Assembly Guided by 3D Models Linking to a Real Robot," CIRP Annals — Manufacturing Technology, Vol.63, No.1, pp.1-4, 2014.)
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Active Coll
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Dual-camera
for positioning

ision Avoidance

—————— e — — = \
Human-robot co-existing environment
\\ - (71 ;
\ T J,
Monitoring robot Making decision / Acquiring depth

via a 3D model taking action

images of operator

v 1

v

Collecting current
robot position

Calculating

relative distance o

Detecting
perator’s position
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Monitored area

-

14

© Warning the operator

© Moving the robot back

Monitored area

-

Active Collision

Avoidance

Safety Policies

Monitored area

® Stopping the robot

® Modyfing the path

Monitored area

Fﬁ@
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Depth images

1

Background
removal

1

Depth images without
background

i
andI I:Sgl?ng J
I

Detected operator

1

[ 3D visualisation J

1

3D point cloud of
detected operator

1

Combining with 3D
model of robot

!

Active collision
detection and
avoidance between
human and robot

Dual-camera
for positioning

Augmented Camera 1 RGB Camera 2 RGB

environment
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Safety without a Fence

Active Collision Avoidance




Conclusions

® Models as necessary and intrinsic part of manufacturing
systems life-cycle

B Models of different types (geometrical, kinematic,
dynamic and control) playing important roles in CPS and
cloud manufacturing

B Real-time constraint, security and uncertainty

® Viewpoint interrelations
= Architecting and model-based approaches to
engineering environments
= Viewpoint contracts and dependency modelling
= OSLC based integration and data warehousing
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