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Next Generation Internet of Things (I0T)
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6A’s of IOT:

» Anything (Any device) transferred to

* Anyone (role/ user), located

« Anyplace (location) at
STIING « Anytime (any context) from
s « Any path (physical network) to provide
* Any service (capability)

ANYBODY

Vhi, S e
ANYPLACE

W" ANYWHERE

6C’s of IOT:

» Collect (heterogeneity of devices)

CACHE « Connect (ubiquitous),

ANY CONTEXT e Cache (Storage)

« Compute (advanced processing)

« Cognize (analytics & insights)

« Create (new interactions, services, business
models)

ANY NETWORK
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ToT Knowledge Level Integration and Knowledge Driven Capability

Evolution of Internet of Things (IOT)
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2018 — Wave 3 of IeT Research and Innovation
IoT Ecosystems Development
ToT Architecture Evolution
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Impact of lloT on Industry
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Design & Engineering

« Built in support for Mobility and Connectivity
« Learning and adapting design that feeds back learned knowledge
* Physics based simulation driven design

Manufacturing

Allow Predictive Maintenance of Manufacturing Machines

“It's like going to the doctor. The doctor doesn’t just look at the stethoscope, the doctor looks at the patient history to understand

what happened, how you were prescribed, what the results were. We do exactly the same with the machine. You can't do it just

from the sensors, you have to understand the history.”

. Reduced parts inventory, ldentifying root causes quicker leading to better designs in future.

Services

* With the ability to monitor machines that are in use at customer sites, makers of industrial equipment can shift from selling capital
goods to selling their products as services

» Sensor data will tell the manufacturer how much the machinery is used, enabling the manufacturer to charge by usage. Service
and maintenance could be bundled into the hourly rate, or all services could be provided under an annual contract.

« This “as-a-service” approach can give the supplier a more intimate tie with customers that competitors would find difficult to
disrupt.

* Vehicles. In the vehicles setting, we assess the potential for [oT to monitor and improve the performance of planes, trains, and
other vehicles while in use, which could generate $210 billion to $740 billion per year in 0T impact for this setting in 2025.
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PLM and SLM
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PLM (Product Lifecycle Management, , \\.... . & ths| M @vice Lifecycle Management)

'_lr 1

L/N XXX2

L/N XXX3

As Built

L/N XXX4

L/N XXX5

L/N XXX6

L/N XXX7

®
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PLM and SLM at the Edges

Pressure Sensors
Temperature Sensors
Accelerometers
Pitot Tubes

Strain gauges
Flow vane gauges :
Gyroscopes L -
Attitude sensex
Voltage meters
Current measureft
Ultrasound detectors
IMUs
Magnetometers
Cameras

Intelligent
Gateways

’?’W GLOBAL PRODUCT DATA 2 0 1 9
& INTEROPERABILITY
Pr¥ i s UMMIT
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Media Technologies (VIS)
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— Text Increasing Immersion in Design and
e Manufacturing, Richer media and Realism

VR/AR

Voice Video
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Impact of Visualization Technologies on Industry
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Design & Engineering

« Collaboration
» Design and Engineering Reviews

Manufacturing

* Facility Inspections

« Shop Floor Employee Training
» Electronic Work Instructions

* Quality Inspections

* Comparing Planned vs Built

Services

* Maintenance Training

« Service Instructions

« Monitoring and Maintenance
* Remote Visualization

Ref: Eran Nadel, Siemens Realize Innovation, 2018
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Distributed Ledger Technologies (DLT)
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VIRTUAL WORLD PHYSICAL WORLD
= % o= o= A distributed ledger is decentralized to eliminate
R the need for a central authority or intermediary
@ P to process, validate or authenticate transactions
e g € » Averifiable and auditable history of all
' .@ - ~ information stored on that particular dataset.
. gy ) L .

Provides data transparency and consensus

Tr=
L
=

Applicability in PLM:

« Change Management

» Workflow processes

« Extended Enterprise Collaboration

« Real Time Work management and Contracts

» Design Collaboration — Follow the Sun Engineering
« Real time Process planning
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Al and Machine Learning
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Tom Friedman -- “Thriving in the age of acceleration”

The Last
“Human” Taxi/

Gary Kasparov -- Car/ Truck Driver
The Last “Human”

Chess Champion

The Last
“Human”
Surgeon

The Last
“Human”
Lawyer

1994 2030

g e 2019 GPDIS_2019.ppt| 12
b 4 '“&SUMMITZ 1



Al and Machine Learning
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What do I need
What can To do right now?
What can I expect I avoid?

What should to happen? (' X 7

W < I always do? _ . .
hat do you Situational

TP ... Mo v e AWareness Explainability: Rationale

happening now? Availability: Provide data and resources in timely fashion
Trustworthiness: Authenticated devices

Security: End to end security

Safety: Protect people & objects

Privacy: Data privacy

Transparency: Insight

Fairness: Compliance standards

Inclusiveness: Allow human intervention

Collaboration: Self-organize around common goal

Integration: Open and flexible perspectives

Reliability: Without outages

Resiliency: Stable mode operation

Accountability: To customers, partners, stakeholders

Verifiability: Correctness of output

Requirements:
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Impact of Machine Learning Technologies on Industry
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Design & Engineering

* Increasing Design Productivity. Machine learning can be harnessed in PLM to create
adaptive interfaces that increase user design productivity.

 Reducing Supply Chain Delays. Faster time-to-market is always important, and a PLM
solution that uses machine learning can quickly recommend alternative suppliers at competing
costs, in a geographical location that won't increase costs or cause further delays.

« Better Decision Management. Machine learning is increasingly being leveraged in the
product design process to provide a competitive advantage. ML can be used to deliver valuable
business insights more quickly and efficiently, and it has the power to process, analyze, and
learn from large volumes of data. When provided access to historic sales data and unfiltered
customer feedback, machine learning insight can enable product designers to utilize insights to
improve future product lines.
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Edge Computing, Fog Computing, and Cloud Computing (EC)
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HOW EDGE
COMPUTING WORKS

Edge computing allows data 3 Iinternet
from internet of things devices C of Thing
to be analyzed at the edge »— @
of the network before being sent

to a data center or cloud.

e

SHE
d ==

EDGE

Local Processing

£

~ oo

Corporate
Data Center
Yl

L&

Cloud B
4 N
Data Center Cloud
L Application Hosting and Management y
723 =N
Core Networking and Services
IP/MPLS, QoS, Multicast, Security, Network Services
X s )

¢

Fog
3G/4G/LTE/Wi-Fi/Ethernet/PLC

¢

Embedded Systems and Sensors (loT)

Sensors, Actuators, Vehicles, Machines, Smart phones
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defined by

Domain Specific Languages (DSL)
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4  Metamodel
A

conforms

expresses

A

use

Software
artefact

System

| Section system

Top-lewel System TractorTrailorCombination
Operaticnspace () |
AbstraceSystem Tractor tractor
DesAlz{trailord |
chiselrlow
AbstractPart trailorchiselPlow Trailerchisalplow
trailortiller AbstractPart trailorTiller TrailorTiller
chaserbin AbstractPart chaserkin Chasersin
notrailor Part MoTrailer
operationspace { load [@ 8] activity | none }3}

System tractor OperationSpace () |
AbstractSystem Transmission trans
AbstractSystem Fuel fuel |

System trans OperationSpace(} | DesAlt (tramsmission)|
mnsynchronized Part transUnsynchronized
OperationSpace ( driverskills {advanced moderate
easy} convinousoperation { no | gears [ 1 24 12
doubleClutch Part sransboubleclusch
Operationspace ( driverskills { moderate easy |
gears[ 1 2 4]}
CWT Part transcvT
OperationSpace ( driverskills {easy]
efficiency { frictionLoss | gears [ 1 1868 ] 2}}

System fuel OperationSpace ()} | DesAlt (engineFuell{

stean Part fuelSteam

Operationspace (pollucion [5 18] speed [® 38] )

diesal Part fuelDiesal

operationspace (pollurion [4 8] fuelConsumption [3 5]
spead [# 48] price | medium high } )

gasoline Pare fuelGasoline

operationspace (pollution [2 5] fuelConsumption [4 18]
speed [# 58] price | medium high })

electric Pare fuelEleceric

OperationSpace (pollution [8 4] fuelConsumption [E 12]
speed [® 55] price { high }1}}}

Part

Sectiom part
Part Trailorchiselrlow

operationspace { speed [& 25] agility { low veryLow |

activity | plow } 2
Part TrailorTiller

operationspace { speed [& 25] agility { low veryLow |

activivy { will } 3
Part Chasersin

operationspace { speed [& 15] agility { veryLow }

activity { harvest }

Requirement

Section requirements
Legal Regquirement speadiange
minimm OperationSpace ( speed [5 15] )
marimm Operationspace ( speed [@ 45] )
Busimess Requirement fuelAindPurchaseCosts
marimmm OperationSpace
( fuelConsumprion [& 28] price {medium}}
Design Requirement operability
marimm OperationSpace { driverSkills easy )

Design Space

Section design space

Designspace (

trailor [chiselPlow trailortiller chaserbin notrailor]
transpission | unsynchronized doubleclutch Cvr }
engineFuel | steam diesel gasoline electric } )

oo
e

= @
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Knowledge Based Engineering (DSL)
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Engineering
“The Informal model Ontology
Elaborating ICARE forms
1; CAD/PDM
Customer =L The formal model Artitacts
Requirement I — Elaborating Product model _
Ontology and Design Process model _ e r—
et [ [l o _ R L :
= Use of a neutral - =8 ,//i’ L “
format for Code N
= generation . _7
R ST 2019
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Data Driven Design & Fabrication (DD)
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ltems Catalog Parameterized Template Based Design

. 5561 { ! /
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Optimization
C, +* wagon
D..lma @y e . Simulation
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Computational Design Optimization — Multi-Copter Design
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Geometry Optimization Simulation Fabrication
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Computational Design Optimization — Multi-Copter Design
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Metrics: Payload, Max amperage,
Size, Flight Time, Cost, Mass
Parametric

functional parts Optl mization )

DD

sl N VIS
and free-form . '
Composition
Al/ ML
Controller (LQR) \E;IséL
[S)ta;n(ttl)ard Parts Connecting :
e Operations 1
/ Propeller
MultiCopter Operati on
Dynamics
EC
R Al/ ML
Thrust & Torque 10T
Motor >
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What will these enable?
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Product Lines A THE FUTURE OF MAKING THINGS

AJTODE S

» Autonomous products THE PRODUCY W CONNECTEQ
INNOVATION .

 Highly Connected PLATFORM 2GS C‘@ N AT cu SERVICES

» Highly Customizable 74 . ~

Manufacturing Lines

* Lights out Manufacturing — tﬂ ...q»...m.m.;.
- ’)“ PONT OF

« Build close to Customer @

INNOVATION 000

Business Models
* Product as a Service

Source: Autodesk
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Conclusions
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» Reviewed the impacts of Disruptive Technologies on future state PLM

» Future Cyber Physical System Design and Manufacturing will involve
increased levels of disruptive technologies

» Digitization will impact entire eco-systems, business models, and underlying
functions in company’s value chain

* |OT, Al, and DLT will enable new business models in all industries

* PLM scope will grow to include all these disruptive technologies in future

* The impacts will be seen in Product Lines, Production Systems, and Business
Models
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