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rt Your systems.
Working as one.

A Guide to the Industrial loT &
RTIl’s Role

Stan Schneider, PhD. RTI CEO
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Inflection

Business Reaches
New Heights

Inflection Point

Business Declines

— Only the Paranoid Survive by Andrew Grove
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The smart machine era will be the most disruptive in the history of IT
-- Gartner



The Industrial 10T Disruption

The real value is a common architecture that
connects sensor to cloud, interoperates
between vendors, and spans industries




Why Is RTI?

To enable and realize the potential of smart
machines to serve mankind
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RTI lives at the

intersection of functional

artificial intelligence and
pervasive networking™



The Industrial loT

e The Industrial loT will
transform nearly every
industry

 DDS runs 1000s of
designs across industries
and consortia
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What’s the Disruption?

Change Drivers Across Industries
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1 .. the anesthesmloglst forgot to resume ventilation after"’
3 separatlon from cardiopulmonary bypass:=

> . 3 Every surgical team surveyed has expenm
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H‘ospltal error is the 3™ leading cause of




Solution: Smart Connected Patient Car

THE
@ HARVARD
MEDICAL SCHOOL

MD PnP

Gelting Consectan for Patient Safety”

o (0
© Alliance

Integrating Clinical Ervironments
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Solution: Make Renewables Reliable

|
RTI runs the largest hydropower

plants in North America, soon
expanding to 75 dames.

RTI controls
Siemens Wind
Power’s most
advanced wind
turbines,
thousands
deployed
worldwide.

RTl is a principal in
the leading new
grid standard for
solar and battery
integration.




OpenFMB™: Enable Efficient DER sgip W
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Solution: Why Drive?

e Smart transit infrastructure
— Safer, faster, easier

 Autonomous cars (“carbots”)
— Change everything

* Fast, autonomous mass transit
 Autonomous flight




RTI’s Deep Expertise in Autonomy

* Connext DDS enables autonomy
— Ensure reliable data availability
— Guarantee real-time response

— Manage complex data flow and
state

— Ease system integration

— Allow any network

— Build in security from the start
— Make deployment flexible

— Ease safety certification

— Adapt Intelligence

— Connect Vehicle/Cloud Systems

Founded from
Stanford Aerospace
Robotics Lab




Carbot Dataflow Challenge

Data Source Data Type Data Volume Data Frequency ® Carbots need
many different
Cameras Video Stream ] |] |] [ dataflows
- - — Volume
. P ﬂ]ﬂﬂ”ﬂ”] — Frequency
Radar Point cloud | [ |] [ ] ] [ | B Lat_enc_y_
. . — Reliability
GPS Bin data struct — Destination
_ _______* Asingle databus
Control Cmd Bin data struct ] ] ] ] ] ] ] that can handle
' 0 all greatly
Error Text String ] ] simplifies the

system



Level 4

Level 3

Vehicle takes control
all of the time

Vehicle takes control X
Driver not expected to be

‘most of the time 4 i
) ) available for control at any time
Driver expected to be availablé v c':i

for occasional control with
comfortable transition times
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Level 1 More than one control function
is automated

Driver expected to be available

Single control functions such as for »90""0'
speed selection, braking or lane at all times a-nd
keeping are automated on short notice

O—

A Big Difference
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What’s the Disruption?

Software is eating the world
-- Andreessen Horowitz
Silicon Valley VC



The Real Disruption: Culture

“If you went to bed last
night as an industrial
company, you’'re going
to wake up this
morning as a software
and analytics company”

-- Jeff Immelt
GE CEO

o
O e
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The Future of Secure, Distributed Software

“If you went to bed last
night as a software and
analytics company,
you’re going to wake up
this morning as a
networking and security
company”

-- Stan Schneider

Openfog) o industrial infemet
4 EEE ROS meg,‘,‘,,PP,!‘]_‘P,y CONSORTIUM
uture Aiborne Copabifity Environment A o -
DDS 309 .
— M:.}: & Alliance FOUNDATION
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DDS is Different!

Queuing Data-Centric

Point-to-Point Client/Server Publish/Subscribe

) &
TCP MQTT Fieldbus AM.QP DDS
XMPP CANbus Active MQ

Sockets
OPC ZeroMQ
CORBA IMS

©2017 Real-Time Innovations, Inc.



The Databus

Data Centric
technology
connects
applications to
the data, not
to each other

| Appli_cation_

\pplicatic

Message centric
Client/Server
Remote Objects

SOA

©2017 Real-Time Innova tions, Inc.



Database and Databus: Data Science Approaches

Database Databus
DDS
L 4
Data centric storage and Data centric sharing and
search of old data filtering of future data
Why Data Centricity?
e Common “truth” for integration  Complexity in infrastructure, not code

* Extreme reliability & scalability * No startup dependencies
* Right data, right time, right place * Generic tools and analyzers

©2017 Real-Time Innovations, Inc.



Data Centric Software Integration

AMAZON e * Global Data Space
— Automatic discovery

— Read & write data in any
OS, language, transport

— Type-aware matching
— Direct peer-to-peer comms

— Redundant
sources/sinks/nets

* No Servers!
. N * QoS control
o ¥ — Timing, Reliability,
g Liveliness, Redundancy,
s Actuation Ordering, Filtering, Security

. Topic
actic Type | Topic

QoS Jostacle Type | Type’
QoS

e
Perception

- Topic
Type
QoS

>
©
=
]
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=
=
c
o
o
—
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Reque Read obstacle 10 s Topic

Topic

ellable To 0 se QoS



Take it to Massive Scale

Intelligent - / Cloud DataBus
. Industrial
* Each level of the hierarchy . "
has —
— Data model DTS N
) System of r '_é_/ . \
— DISCOVer Systems Site DataBus
— Security domain ’,
e System-of-systems require inteliigent SEERES Ut DataBus
— Subsystem export control ~ >ystems
— Data model translation
— Discovery control Intelligent =% Think i
Machines R v rrrrrs o

Sense Act

©2017 Real-Time Innovations, Inc.



Security Must Protect Dataflow, Too

System edge
Host

— Machine/OS/Applications/Files
Network transport

— Media access (layer 2)

— Network (layer 3)

— Session/Endpoint (layer 4/5)
Dataflow

— Control application interaction

©2017 Real-Time Innova tions, Inc.



Integrated Dataflow Security

Dataflow-Level Security

Control r,w access to each data item for
each function

Complete Protection

Discovery authentication
Data-centric access control
Cryptography

Tagging & logging
Non-repudiation

Secure multicast

No code changes!
Plugin architecture for advanced users

RSU

tate

Analysis Vehicle Operator

?

Topic Security model:

RSU: State(w)

Analysis: State(r); Alarms(w)
Vehicle: State(r), RoutePlan(w)
Operator: *(r), RoutePlan(w)

©2017 Real-Time Innovations, Inc.



Safety-Critical Components

* Connext DDS Micro Cert
— Stringent SWaP requirements
— Complete certification evidence
— Full interoperability with DDS product line

Available DO-178C LEVEI A

— Flight management systems

= 150 26262

— Road vehicle functional safety

m» IEC 60601 class 3

— Medical devices

©2017 Real-Time Innovations, Inc.



Why a Databus?

No Servers

— Easy redundancy, reliable availability,
scale

Reliable secure multicast

— Fast ms or us response even under
load to many applications

Source selectivity

— Finds and delivers exactly the right
data to right place at the right time

Explicit interface management

— Combine many software modules
and coordinate teams

— Match versions

Dataflow QoS

— Adapt to any network & data
demands




Positioning

DDS in the loT Space

Real-Time Innovations, Inc.

©2017 Real-Time Innovations, Inc.



Space is big. Really big. You just won't belg;ve‘,how
vastly, hugely, m/nd bogglmgly lg‘gl is.

\ 0
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:
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"I mean, you may think it's a long way down the road
G T T : to the chemist, but that's just peanuts to space.
- SRS 52 By g _ --Hitchhiker’s Guide to the Galaxy




m Aerospace & Defense Energy & Utilities

Colleges & Universities Air Force
Conferences & Workshops ~ Arrmy
Laboritories Aviation
Publication Home Land Security
Schools Military
Trade Schools Navy

Space Flight

Air Pollution Control

Biodiversity

Eco-construction

Environmental Monitoring & Instrumentation
Environmental Research & Development
Heat & Energy Saving and Management
Metrology

Nature Protection

Noise & Vibration Control

Oceanography

Recycled Materials

Remediation & Clean Up of Soil & Groundwater
Renewable Energy Production

Waste Management & Recycling

Waste Water Treatment

Water Supply

Buildings & Facilities Media & Communication

Apartments

Building & Construction
Building Maintenance
Building Security
Commercial Buildings ~ Global Media

Cable Providers
Computers
Entertainment

Construction Phones
Engineering Satellite TV
Home Telecommunications Carriers
Housing Authorities .
Televisions
HVAC E— -
Office ideo Recorders
Real Estate Wireless Services

Chemicals Aeronautics

Electric Airport

Mining Cargo Handling

Oil & Gas Cruise Industry
Petro-Chemicals Fleet Management
Power Freight Management
Renewable Logistics

Sewer Mobility

Water Pipelines

Postal & Delivery Services

Apparel

Beverage & Tobacco Product
Chemicals

Computer & Electronic Products
Electrical Equipment & Components
Fabricated Metal Products
Factory

Food

Furniture & Related Products
Industrial Automation

Leather & Allied Products

Automotive Public Transportation Y —
Commercial Cooking Rail e y. .
Nonmetallic Mineral Products
Consumer Products Roads e
Bayledlic Shipping Petroleum & Coal
Elder Ca- -oducts
E t t . . . . .
. ThelloT will have a multi-trillion-dollar facturing
{ . . . Ipport Activities
Food 1 impact across all industries
Groce
Home

Hospit - There are many, many use cases in the lloT

Pet Ca . .
Pharm They need different solutions hcare |
Photogre.,.

pisaster rrevention o .
Recreation Services Education Clinical Trials
Restaurants Connected Medical Devices

Sporting Events
Street Vendors
Tourism

Travel

Environment
Fire

Finance & Banking " LCLIIRCIZNY
Accounting Systems Public Security
ATM Systems Surveillance
Credit Card Systems Transportation
Point of Sales Waste Management

Retail Banking Water

Emergency & Crisis Response

Law Enforcement & Police
Municipalities & Counties

yment

Continuous Patient Monitoring

Dentistry

Disease Diagnosis
Home Healthcare
Hospitals

Life Sciences
Medical Offices
Medical Therapy
Pharma
Pharmacies

Near Space & New Space

Closed Loop Ecological Systems
Closed Loop Living Systems
Constellation Controllers

Consumer Traffic Analytics

Ecological Planning

Environmental Monitoring
Hyper-Local Agriculture

Hyper-Local Construction
Hyper-Spectral Imaging

In-Flight Satelite Servicing

On-Site Materials Analytics and Inventory
On-Site Materials Optimization
Parametric City Planning

Parametric Construction Planning
Remote Maintenance and Diagnostics
Space Based Planning

Weather Pattern Analytics

Farming Apparel Retailers
Fishing Broadline Retailers
Forestry Drug Retailers
Hydrology Food Retailers &
Life Sciences Wholesalers
Ranching Home Improvement
Weather Retailers
Specialized Consumer
AIuminur;l Services

Coal Specialty Retailers
Diamonds &

Gemstones

General Mining

Gold

Iron & Steel

Nonferrous Metals
Platinum & Precious
Metals



ﬁ Industrial Internet Consortium: 270+ Companies, 30+ Countries
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The IIRA

* Major new release of o
ndustrial Internet L3} Consortium
Reference Architecture
* Key new content: The

Layered Databus
Architectural Pattern |
The Industrial Internet of Things

¢ Lea d d Ut h or. RTIIS RaJ ive Volume G1: Reference Architecture
Joshi S

©2017 Real-Time Innovations, Inc.



Layered Databus Architectural Pattern
| enteprise

e

Control Center Databus

\

P
. Ir_h

Reservoir Encrypted Wireless Databus

A
4

W Databus
o Gateway

\

Oilwell

Oilwell

N 4

e C3 B30

A

Vv

o
2
=
< Oilwell Databus
Sensors _ - R‘g

Analytics

Common to all
above examples

Fits most industrial
control applications

Fast, reliable,
scalable

From IIC Industrial
Internet Reference
Architecture (IIRA) v1.8




The IISF

indusma interme!
C} CONSORTIUM

* Major contribution

* Only wide voice on
security for lloT

° CO_ I €d d dan d p rl Mma ry The Industrial Internet of Thing;
olume G4: Security Framewor
author: RTI's Hamed R
Soroush

[rem— — p— |

©2017 Real-Time Innova tions, Inc.



Q Security Claims Evaluation Testbed

——

=\
SECURITY CLAIMS EVALUATION TESTBED industrial intemet
CONSORTIUM
— V ¥ J
Public Cloud , CLOUD

AHjuxtio
Wiuxt o 8} Secure Data
\-/

Analytics '

: Cloud Connectivity
@) =
Security Claims N
Evaluation Procedure ~
: | SOFTWARE S
£ XILINX/ wSoce
d .

ftl
le

Secure Programmable SOC-e GATEWAY
Zyng SOC

ENDPOINTS s
T
] {4 ivei@ Lrti )
? S \/
Endpoint

Endpoint - DDS

For Public Release

* |IC Sponsor Companies
- Xilinx
- Underwriters
Laboratories (UL)
- Aicas

* Collaborating Companies

- Algotronix, EYETech,
iVeia, JUXT, PFP

Cybersecurity, RTI,
SOC-e



lIC Testbeds!

!« |IC has by far the
industry’s most
comprehensive
testbed program

e Key goals

— Ensure practical
guidance

INFINITE Testbed icrogri | 7 \ sioed — Make |mpa ct

— Span the
industry

Smart EnergyManagerrmtTestbed Tlme Sénsltt\re Networks Testbed

-
Security Claims Evaluation Testbed

Track and Trac; Testbed Sman\Mater ManagementTestbed



The IIC Industrial Internet Connectivity Framework

— The industry’s only detailed analysis of
lloT Connectivity Technologies

— Architecture
— Assessment
— Standards

* DDS
OPC UA

e CONNECTIVITY.FRAMEWORK
M QTT f e | ~armriahsh b o o o vosdmsgnels

CoAP

— Examples & selection guidance

— Years of work by many architects across
industries, standards, & technologies

THINGS ARE COMING TOGETHER™

INDUSTRIAL INTERNET

rogigiadng | 4

Released Feb 28, 2017



Evolution of the lloT Connectivity Stack

4-Layer Internet N 7-Layer OSI
Stack Model | Stack Model

lloT Connectivity
Stack Model

(2017)

Industrial loT
(2014)

(1970s) (1984)

A=
1
£\
)

©2017 Real-Time Innovations, Inc.



lloT Connectivity Stack Model

Semantic
Interoperability
(data context)

Distributed Data
Interoperability and Management

Distributed Data

Information Interoperability and Management

Information (Data in Context)

Syntactic
Framework Data (State, Events, Framework Interoperability
o CUEEE (data structures)
Connectivity
Technical
IICF Transport Messages Transport Interoperability
Focus i)
Network Packets Network
Networking
Link Frames Link

Physical Bits Physical




Connectivity Core Standards Architecture

* Connectivity Core Standards

— Provide syntactic
interoperability

— Stable, deployed, open
standard

— Standard Core Gateways to
all other CCS

 Domain-Specific Connectivity
Technologies

— Connect via non-standard
gateway to any connectivity
core standard

Standard Core -

Gateways Few Core Standards




lICF Catalog of Connectivity Standards!

 Frameworks
« DDS

« OPC-UA

e oneM2M

B —  Transports
o — e HTTP

o F—— . MOTT
S o

B « COAP

Assessment Template Worksheets



Connectivity Standards

Distributed Data
Interoperability and Management

Framework

Transport

AN

(

Physical

\

E“‘?Tg.y & Healthcare Manufacturing Transportation
Utilities
Telecommunications Origin Manufacturing Origin
DDS oneM2M Web OPC-UA
Services
DDSI-RTPS CoAP MQTT HTTP OPC-UA Bin
TCP UDP TCP
Internet Protocol (IP)

E:crhSN / i Wireless Wll_ril;\elss Wireless Wireless
(80le 5 PAN S 2G/3GILTE Wide Area
802.3) (802.15) Fi) (3GPP) (802.16)

. J / J J .




lloT Connectivity Perception

f

Requirement 2, e.g. fan-out

rti Requirement 1, e.g. latency

©2017 Real-Time Innovations, Inc.



lloT Connectivity Reality
f

Requirement 2, e.g. fan-out

rti Requirement 1, e.g. latency



How to Choose?

System Aspect Example User Approach

Software Integration & Software Architect Data-centric DDS

Autonomy integrating components

Device Device manufacturer selling Device- OPC-UA

interchangeability devices to technicians centric

Web & Mobile User I/F  App builder supporting RESTful Web services/HTTP
back-end services

ICT integration Wide-area wireless telecom Common oneM2M
integrator services

layer



Choose DDS?

Are there severe consequences if offline for a few mins/secs/msecs?
Have you said “millisecond” or “microsecond” in the last 2 weeks?
Do you have more than 10 programmers?

Does your data have many destinations?

Are you building a next-generation lloT design?

DDS

©2017 Real-Time Innovations, Inc.



Choose OPC UA?

* Areyou in in discrete manufacturing?

* Are you building a device that will be integrated by industrial
engineers or technicians, rather than software engineers?

* Will your product be used in different applications in different
systems, as opposed to a single (type of) system where you
control the architecture?

* Have you said the word “workcell” in the last two weeks?

FOUNGDATI ON

©2017 Real-Time Innovations, Inc.



Choose OneM2M?

* Do you know what “ICT” stands for, and is that you?
* |s the cellular network your primary connection technology?
* Are your target applications largely composed of moving parts?

e Can the components of your system tolerate intermittent connections
and loosely-controlled latencies?

* Will your system leverage services provided by a communications
provider such as a telco?




Choose MQTT?

* Do you think of your application as data collection?
* |s there little device-device communications?

* |s interoperability not a consideration?

* Do you have many small devices?

* |s software a minor challenge?

). [0}

N

©2017 Real-Time Innova tions, Inc.
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D DOMAIN FOCUS AREAS ARE COM%EMENTARY .
—t = &S

ENERGY

HEALTHCARE

MANUFACTURING . Detailed model for

next-gen Manufacturing
value chain

" PUBLIC DOMAIN

TRANSPORTATION Cross-domain &

Interoperability
in lloT




Example Users: Very Different!

You are a software architect. You:
e Manage & integrate software development teams
* Design & control architecture & data model

* Face challenges in defining software module interfaces,
implementing redundancy, complex data flow

DDS
N S

You are a device manufacturer. You:

Build a device for many applications
Do not control the installation data architecture

Face challenges of device vendor interoperability, users
who are not software experts

FOUMNDATION



FUSION . co

OPC UA & DDS Integration Testbed |

Industria) Control Systems

2 Matrikon (P

Edge Node Gateway Edge Node  AcTUATORS
OPC DDS

Codesys Control

OPC UA Server

OPC UA - DDS

POWERLINK MN DDS Subscriber

Bridge

TSN Endstation Demo App #2

Demo App #1

SR —

" OPC UA over TSN > ‘ DDS >
< POWERLINK
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m Aerospace & Defense Energy & Utilities _W

Colleges & Universities Air Force Chemicals Aeronautics Apparel
Conferences & Workshops ~ Arrmy Electric Airport Beverage & Tobacco Product
Laboritories Aviation Mining Cargo Handling Chemicals
Publication Home Land Security Oil & Gas Cruise Industry Computer & Electronic Products
Schools m e ~o -t t Electrical Equipment & Components
Trade Schoc nt Fabricated Metal Products

— : : . : Factory
pm ThelloT is Big. Really big. You just won't believe how Food
Air Pollutior P _ 7 ‘it Furniture & Related Products
e vastly, hugely, mind-bogglingly big it is. o i
Eco-constru. Bon Leather & Allied Products
Environmental IVionitoring & Instrumentation Commercial Cooking Rail Machinery' .
Environmental Research & Development Consumer Products Roads Eonmetalllc Mineral Products
Heat & Energy Saving and Management — aper
Metrology o : : Day Care Shlp[:_)mg Petroleum & Coal

Elder Care Traffic Infrastructure

Nature Protection

Noise & Vibration Control
Oceanography

Recycled Materials
Remediation & Clean Up of Soil & Groundwater
Renewable Energy Production

Waste Management & Recycling

Waste Water Treatment

Water Supply

Apartments

Building & Construction
Building Maintenance
Building Security

Cable Providers
Computers
Entertainment

Commercial Buildings ~ Global Media
Construction Phones
Engineering Satellite TV
Home Telecommunications Carriers
Housing Authorities ..
Televisions
HVAC Video R q
Office ideo Recorders
Real Estate Wireless Services

Entertainment
Food and Beverage
Food Trucks
Grocery
Home'’

Hospit

Pet Ca

Pharm

Photoy

Recres

Restat

Sportil

Street

Touris

Travel

| Find

Accoun.

ATM Systems
Credit Card Systems
Point of Sales

Retail Banking

Plastics & Rubber Products

Transportation Primary Metal Manufacturing

Trucking

\/nhinlA ~aco

The standards are very different!

DDS for software integration
OPC UA for device interoperability
OneM2M for telecom
MQTT for collection

The standards are working to interoperate

Transportation
Waste Management
Water

Medical Therapy
Pharma
Pharmacies

Near Space & New Space

Closed Loop Ecological Systems
Closed Loop Living Systems
Constellation Controllers

Consumer Traffic Analytics

Ecological Planning

Environmental Monitoring
Hyper-Local Agriculture

Hyper-Local Construction
Hyper-Spectral Imaging

In-Flight Satelite Servicing

On-Site Materials Analytics and Inventory
On-Site Materials Optimization
Parametric City Planning

Parametric Construction Planning
Remote Maintenance and Diagnostics
Space Based Planning

Weather Pattern Analytics

Apparel Retailers
Broadline Retailers
Drug Retailers

Food Retailers &

:es Wholesalers
Home Improvement
Retailers

Specialized Consumer
Services

|
Specialty Retailers

&
'S
vlining

Iron & Steel
Nonferrous Metals
Platinum & Precious
Metals



I1IC’s Highest Honor

rernet
‘\7»\“\ Coy,

’,._{._,’ ~
' 1/{//’/ //w \\
/!//n i ‘-:

. ""' /. | ( l]
L ,/// /i / A\
Al // //f/// /-’!!\ L\




|

=t
-



Progress

How are RTl and DDS Doing?

©2017 Real-Time Innovations, Inc.



Platform (FEP-SDK)

(\5 Y/ |

* Hil Simulation for development . ..
Audi

and test across the Volkswagen =

Audi — Functional Engineering




o3 : ___ ~g

e Obé‘katiO‘naI Traffic:' Control

> Y A " o S DDS is in opera:cion at Shanghai PVG ground cor{trol since 2015.
‘./ ' o s - o < 5 0 —

. Rolling out to entire South East China region.
Expanding to air operations and M@D‘o'ng and Honggiao.
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Run 24x7 Across Continents

We selected Object Management Group
(OMG) DDS standard for its high security
rating; its wide support of tools and
programming languages, and its
reputation for performance, scalability,
and 24/7 reliability

Sid Koslow, Chief Technology Officer,
NAV CANADA

Air Traffic Control for Canada
2" largest ANSP in the world
/7 major centers

©2017 Real-Time Innovations, Inc.



The databus will leverage Time Sensitive
Networking (TSN) real-time networking
physical layer

©2017 Real-Time Innovations, Inc.
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ﬁ'rilibe the most disruptive in the history of IT
-- Gartner
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DDS On Board

Adaptive AUTOSAR ~
insufficient for carbots -
Many OEMs, Tier-1s, & tool
vendors support DDS
RTI carbot designs include
major-brand passenger cars,
trucks, mining vehicles, EV

’i

startups, campus shuttles,
hyperloop and flying cars

>10 of these production track §




The RTI databus connects Hyperloop One, the world’s first hyperloop.

HYPERLOOP



The Hyperloop One System

HYPERLOOP <live=
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What do These Have in Common?

THE OPEN GROUP

OPEN PROCESS ™
AU TOM A‘TI()‘[\IT\4 FORUM mborne (opublhty Environment

/////////Ill\




O spirae Microgrid Solution

wave

* Reliably operate microgrids

* Integrate Distributed Energy Resources (DER)
 Enable new business models: arbitrage, fuel offset, VPP
* Flexible, scalable, adaptable software architecture




INSTRUMENTS

y NATIONAL
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Grand Coulee Success!

e DDS controls the 6.8 GW GC Dam

— Largest power plant in North America

— Fastest-responding major power
source on the Western Grid U.S. Army Corps

e RTI system live since Jan 2014 of Engineersg




GDACS Connected Plants

DDS/TCP/TLS

©2017 Real-Time Innovations, Inc.




Hydropower Nationwide

USACE’s 75 dams generate 20.5 GW, or
100 billion kilowatt-hours a year
20 more dams installing in 2017

— Chief Joseph, #2 in NA

— The entire Willamette basin, OR

— Savannah River, GA
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USACE Tactical Microgrids
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Hundreds of A&D Programs




NASA KSC Site License |

RTI controls NASA’s
Premier Launch Control
System for Orion —the =
largest SCADA system in
world

©2017 Real-Time Innovations, Inc.



GE Healthcare
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worldwide =
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yNATIONAI.
 DDS toolkit for
LabVIEW

integration inside
LV Suite

* Joint sales &
marketing efforts

INSTRUMENTS

il |
i

1
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FicDDE Sine Flot {1000 Hz)

—— 3ine
—  SawToath

The Mathworks

SineTable Value
=
i

Eae P Simulink Block Set
S . Ele-E-4ep - |u-lw T . A |
e =1 =7 & Code Gen |
W | & e :
+ I
= / G . ' L ' I :
x| = > t e DI reCt M atla b - 1 Pur‘itlfdﬂallm'ltlé.lglnplc Insﬂumns- 1 b
= ~E . 0001000 seconds = 35 SineTab Samples = 28 Cycles/Sample :
I?I e Ingest, real-time =
plotting and data ' iam [1[wrs - @ sgnm
acquisition :
DDS Blockset Pilot Support Package (PSP)
User Guide
v Getting Started Resources
v Videos omremensirded ] Version 2.9.0
Installing the DDS Support Package 9:00 y
ISSUE DATE: 16 August 2016
MATLAE and the DDS Support Package 13.08 ‘

Simulink and the DDS Support Package TagS

Getting Started with MATLAE 7:00 q
Programming and Developing Algorithms with 70- Pa ge U S€er G ul d €

MATLAB 4:32 Detailed Video Including
» Documentation Tutorials Code gen, running

on Raspberry Pi



ROS2 Software Stack

Userland code

C++ client library C client library Python client library
ROS client library (rcl)

ROS abstract middleware layer (RMW) (C API)

DDS Databus




RTI lloT Influence
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Forbes

The 10 Most Influential Industrial loT Companies

RANK

1

2

10

NIS

38

29

24

22

22

RTI

Google

Cisco

GE

Omron
Datal.ogic
Emerson Electric
Bl

R¢

Ar

Company

alvaln
Cisco

@

OomRrRoN

GE announced tat It would invest
$1 tillien in the Industrial Intemet,
- Svirre: Forhas N4NA/N14

More

rt)
3

RTI Is pleased to give our

customers a head-start on building
robust Industrial Internet systems.
- Source: Market Wire 06/17/2014

Cisco. AT&T, GE. IBM and Intel
announced the formation of the
Industrial Intemet Consortium ™, an
open membarship group to supgort
better access to big data with
Improved integration of the physical
and digital worlds.

- Source: Yahoo! Finance 05/14/2014

arkessa

4

| (Mobile & Wireless.

.. 2016 Awards |
?"Aw;d‘w‘ S —

v o boo
¢ sy
RTI: 2016 loT Emerging
Company of the Year for the
Enterprise Market

Compass Intelligence

RCRWiteless News

Real Time Innovations

INTERNET OF THINGS [P=s=s

g VoUTE:Tw

| In-depth Top 10 Internet of Things companies 1o watch

Top 10 Companies
Industrial loT

IBM
AT&T
Cisco

Amazon
Google
Samsung
Apple
Microsoft



2017 Plan




2017 Goals

Lead

— Build & solidify leadership position in lloT
Grow

— Sustain 35+% sales and cash flow growth

Deliver

— Build execution ability to match market demand

©2017 Real-Time Innovations, Inc.



Owrtunities Abound!

Transportation
— Carbots
— Rail & mass transit
— Intelligent Traffic Systems (ITS)
— Drones and personal aviation

* Energy

— Renewable integration (Substation
automation, DER Pilots, microgrids)

— Automated drilling & production

e Medical
— Intelligent connected medical devices
— Surgical robotics
— Imaging & treatment systems
 Defense
— Avionics & UAS
— Naval systems
— Radar/antimissile/air defense rae
— Ground vehicles » k',,,,,,,,,,,
— Asset tracking/C2 '




DOWNLOADS IBRARY DEVELOPERS SUPPORT

rt' Your systems
\,V()rki,r]g as one SOFTWARE v SERVICES v APPLICATIONS v CUSTOMERS

DEVELOPER RESOURCES

GETTING STARTED WITH CONNEXT DDS

From download to hello world, we've got you covered. Find all of the tutorials,
documentation, inspiration, and other materials you need to get started using Connext
DDS today.

IELLTTLEST T

£( RIA £EO TUTORIA

Learn DDS Basics without Connext DDS Installation Connext DDS Installation
Coding (Linux) (Windows)

Play with Shapes, the game-like Follow the simple steps in this video Follow the simple steps in this
at teaches you tutorial to install Connext DDS or tutorial to install C
'*7'7 V'YJ}" J.,"‘: { AA n’n I ‘,;_\“-'.’




Some Numbers...

* ~2X revenue in 2 years
— 2015 31% + 2016 42%

* 140% cash retention (!)
* 140 new projects in 2016
* 1000+ design wins

“RTI has seen unprecedented growth
in projects, customers and revenues.
Even more exciting, the market is still
young with only a few lloT projects in
production today. As more deploy,
the market will expand tremendously.
We live on the brink of an innovative
new world of intelligent, connected
systems.”



2017 Headcount Plan

Headcount Plan
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Scott McNeal

Welcome to RTI’s Advisory Board!



Balanced Delivery

* Consistent progress in all
key areas

e User input welcome!
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Building Momentum




The Industrial 10T Disruption

RTI lives at the intersection of
functional artificial intelligence and
pervasive networking

) . /’-"
The real value is a common architecture that
connects sensor to cloud, interoperates
between vendors, and spans industries



Why RTI? Why Do We Have Momentum?

Truly profound technologies become part of
everyday life. Motors, plastics, computers, and now
networking have made thistransition in the last 100

years. @@
Another step is e@\' Ing in this progression:

pervasive, real-time data. This differs from the
Internet in that this pervasive information
infrastructure will connect devices, not people.



......

.° Vision

Y

~ » Product
~ * People

.~ /g

* Influence

»

- S
e s



©2017 Real-Time Innovations, Inc.



 Momentum Physics

™
o

* Increase it? e

— More of us w

— Moving faster =
together

Momentum = (mass) x (velocity)

s —
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What Do These Promise?



Prom:-ise

‘pramas (Proper noun)
RTI’s primary competitive advantage

“If your career, fortune, or life is on the line, rely on
RTI’s Promise”

©2017 Real-Time Innova tions, Inc.



RTI’s Promise

* We realize potential

 We provide extraordinary value
* We believe in absolute honesty
* We work as a team

* We actively pursue excellence
 We make the world better

DWYSYWD. It really is that simple.

©2017 Real-Time Innovations, Inc.



RTI Staff Here
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Gerardo Pardo Nicola Masters
CTO UK/Scandanavia Sales

Fernando Crespo Sebas Aguilar

Juan Jose Martin  Reiner Duwe
Principal Architect FAE

Application Engineer EMEA Manager

<a, 7
|

Sara Granados Ulrike Bernges Vanessa Todd Ken Brophy
FAE Central EU Sales Marketing Stan Schneider  Tools Manager

Cameron Smead
Public Relations CEO
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Makes the World Run Better
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