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Why the lloT?
Class subject
lloT computing
lloT applications
Syllabus

Outline



WHAT IS INDUSTRIAL 10T?



loP and loT

Internet Revolution New Digital Revolution

 10-15% of economy e 80% of the economy

* Internet of People (loP) ¢ Internet of Things (loT)
* Industrial loT (lloT)



lloT and loT

lloT # loT

Connected Connected
High-cost ow-cost
Industria 1d-point

Assets Devices
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NEW DIGITAL REVOLUTION
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New Digital Revolution

* Analyses of the lloT economic impact

Value Date | Comment
GE $32.3 Trillion 2012 | Early estimate
Accenture S14 Trillion 2015 | Consulting
McKinsey S11 Trillion 2015 | Consulting

Current Forecasts (2018-2019)
* $1.2T loT tech spend; 13.2% per year growth
* S0.5T loT market; 28.5% per year growth




Waves of Change

1. The First Industrial Revolution

— Mechanized production; water
and steam power

GE, 2012

Wave 3
Industrial

. Internet
2. The Second Industrial
. Internet analytics: physics-
Revo I u t I O n Revolution based, deep domain
. rtise, d.
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Revolution information
1 1 networks
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power economies
of scale and scope

3. Internet Revolution

— Automation; electronics and
information technology

4. 1loT, the 4t Industrial
Revolution

— Digital integration
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lloT Class Overview

HIOT COMPUTING
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IT/OT Convergence in the lloT

* |T: Enterprise computing.

Information Technology Cloud
§ | T |
Cloud "wm
Edge _— L Edge computing. Fog.
pevice .’17(
evice
- Y, oT

e OT: Industrial systems.

Operational Technology Secure, closed networks
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Enterprise Architecture View

Business * Applications
Architecture Added — Business processes
Value — Data analytics
Applications

Architecture

Data * Platform
Architecture — Data management
Technology )
— Computing tec
Technology Investment

Architecture — Most action, so far




Analytics Disciplines

Domains Tools
IT Operations Research Statistics &
Machine
- _ Learning
lloT Industrial Al
Persistent Data
T Modelin
OoT Decision and Control £
and
T Simulation
Embedded Signal Processing
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Digital Twin

e Digital Twin is #4 Gartner Top Ten Strategic
Technology Trend for 2019, was #4 in 2018

— Half of all large industrial companies will be using digital
twins by 2021

* |ndustrial Al and Digital Twin

— Model-based, simulation, verification, and validation

 Example

— Digital Twin for Maintenance and Logistics



HARDTECH
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Aviation Applications

e OTis hard

— Southwest Airlines, GE engine blow out in 2018
— Boeing 737 MAX flight control problem in 2019

e |ndustrial loT is hard
— lloT includes OT
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lloT and Mission-critical Analytics

T¢ | >oT
Data Science - Control Systems
. . Decision Support
Machine Learning |
CS< | 2ENG
lloT ‘
Industrial Al oo
ystems

Industrial loT

Analytics Power

Goc ,gle Performance
) I Sustainment —
Web High-freq | Insurance Civil
Advertising Trading Warranty Aviation
I Usage
| Safety

) () @ () () () >

0.3% 31% 95% 99.97% 99.9999% 99.99999%
< generality, fast development | reliability, accuracy -
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1IOT APPLICATION EXAMPLES
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Where the Action Is?

* Industry 4.0

— European lloT initiative focused on manufacturing

* |loT applications for services and operations
— 80% of the lifecycle costs



Operations and Support Apps

* Engineering and manufacturing
— 10-15% of the lifecycle cost

* |loT will change the operations
— 65-80% of the lifecycle cost

A A A 65-80% of the Life-Cycle Cost
eo'u
S
chdB::. “W\o‘&\o ©
o S
6# I‘;é‘gozoe Q
Concept | | Design
ision | Readiness
Review
Pre-Systems Systems Systems
Acquisition Acquisition Sustainment DoD

| Procurement Funds :>
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Vertical Industries

The future is already here — it's just not very evenly
distributed

Where is it concentrated for lloT?

— High-value enterprise application
Buildings
Transportation

Manufacturing processes



Building Example

* Predictive monitoring of failures

Cloud e |T: Cloud Application
— Data aggregation

Building

System e OT: ZigBee Network
— HVAC equipment
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AUTOMATION LAYERS
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Levels in ISA-99 Purdue Model

Embedded
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Enterprise
Zone

Site Business Planning and Logistics Network

Demilitarized
Zone

Manufacturing
Zone

Cell/Area
Zone

Bas=ic Gc:lnh_"nl

Safety
Zone

Safety-Critical
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Ground Vehicle Example

Automotive End Point

Automotive
|T Service Provider

5. Fleet management
4. Telematics

3. Integrated info oT
system (head unit)

2. CAN bus functions

1 ECU Embedded

0. Sensor/Actuator
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lloT Class Overview

SYLLABUS
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Planned Lectures

April 2, Introductory Lecture
April 9, State of lloT Adoption, McKinsey

April 16, Data Analytics for 10T, Google Venture Capital

April 23, Wireless Networks, 3ten8

April 30, Large Scale Data Analytics, Boeing AnalytX

May 7, Car Fleet Application, CEO, Firefly

May 14, loT Connectivity, Cypress Semiconductor

May 21, Managing Risks with [loT, Munich Re

June 4, loT Space Investment, David Hornick, VC, August Capital



lloT Lecture Map

Bus B McKinsey i
Firefly Google
IT Venture
August Capital Boeing | pmuynich
Capital AnalytX|  pe
3ten8 Cypress
oOT Semiconductor
Startup Vendor Enterprise



lloT Class Overview

EVOLVING LANDSCAPE
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State of the lloT

e 2016 Seminar on lloT

— New Wave, lloT is the future
— Upcoming Industry Transformation

e 2017 Seminar on lloT

— Platform efforts. Some application projects
— How do we get on the lloT train?

* 2018 Seminar on lloT
— Venture investor hype cycle is cresting
— loT cloud platforms are emerging
— lloT keeps rising. Tide, not a hype wave



lloT in 2019

* Industrial Internet and Digitization by GE

— Supernova

 New waves on the tide flow
— Digital Twin
— Industrial Al
e Greatest barriers to loT adoption today (Bain)

— IT/OT integration
— Unclear ROI



