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®
rt Your systems.
Working as one.

A Guide to the Industrial 10T &
RTI’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



The smart machine era will be the most disruptive in the history of IT
-- Gartner



The Industrial 10T Disruption
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The real value is a common architecture that

connects sensor to cloud, interoperates between
vendors, and spans industries
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Why Is RTI?

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




X
Y — .y ey e

TIRRIRETN .
AANTTT

B ENITdNdy

A e e e e e e [ b
A e e e e [ )T e
A LA A ek e e e e e
A A0 e /e e e )=

'ﬂ"?‘fﬁﬂfﬂﬂfﬂffﬁff:rttt4
T T T T T T e B B e B B B ,
e S T T T T T T T B o e o B

= T T T T T e B s B o o L e B e
Rl AhtRRRrREER LR EERR B R E®
R WY T\ R e e T T WP T LR

L e ATANMEA A A AN AN AN AN NN N

w
B

B




* =

RTI lives at the

intersection of functional

artificial intelligence and
pervasive networking™
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The Industrial loT

1000+ design wins
Many multi-Sb programs

Full DDS, tools, services,
support, secure & certified
versions

150+ ppl, 40% growth 2016
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What’s the Disruption?

Change Drivers Across Industries
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Solution: Smart Connected Patient Care

HARVARD

MEDICAL SCHOOL

5

MD PnP

Getting Connected for Patient Safety ™

© @
@Alll!ach

Integrating Clinical Environmen

CDS

Algorithm
#1

Patient

Infusion Pump

Measured
Values

Hx

Infusion Pump
Settings

Supervisory

Services

Patient Mgmt
Device Mgmt

Systems Health
Interaction
Checking

Logging
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Smart Machi_nes J_oin the Care Team
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Solution: Make Renewables Reliable

RTI runs the largest hydropower
plants in North America, soon
expanding to 75 dams.

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
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Solution: Why Drive?

* Smart transit infrastructure
— Safer, faster, easier

 Autonomous cars (“carbots”)
— Change everything

* Fast, autonomous mass transit
e Autonomous flight




RTIl’'s Deep Expertise in Autonomy

Founded from
Stanford Aerospace
Robotics Lab

* Connext DDS enables autonomy
e — 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

©2017 Real-Time Innovations, Inc.



Autonomous Systems Dataflow Challenge

Data Volume Data Frequency
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More than 14 production- Heterogeneous data source
track carbot designs use the

with various volume and frequency
RTI databus.

~ Status Feb 2016
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Carbot Dataflow Challenge

Data Source

Data Type

Video Stream

Data List

Point cloud

Bin data struct

Bin data struct

Text String

Data
Volume

Data Frequency ® Ca rbOtS. need
I I I I man¥I different

datatlows

— Volume
i - Frequency

— Latenc
LTETTTT = Reliabiity

— Destination
TN A single databus

R 55 ety "'

simplifies the
I system
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Disruption is Not Easy

Cars Now Compete on Softwa
2
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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

’ e
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The Industrial loT

“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
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Why DDS?




The Databus is Different!

Point-to-Point Client/Server Publish/Subscribe

T
(— (— (—
S—
MQTT Fieldbus
TeP XMPP CANbus
Sockets
OPC ZeroMQ

CORBA JMS

Queuing

AMQP
Active MQ

Data-Centric
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The Databus

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

" ee—

Application

Application

Application

Message centric
Client/Server
Remote Objects
SOA



Data centric storage and

search of old data

ccccccccccc

Databus

R

DDS
_

Data centric sharing and

filtering of future data

Why Data Centricity?

e Common “truth” for integration
* Extreme reliability & scalability
* Right data, right time, right place

* Complexity in infrastructure, not code
* No startup dependencies
* Generic tools and analyzers

©2017 Real-Time Innovations, Inc.



Data Centric Software Integration

* Global Data Space
— Automatic discovery

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

inter- — Type-aware matching
section .
Obstacle — Direct peer-to-peer comms

— Redundant
sources/sinks/nets

e No Servers!

* QoS control

Shared Global Dat=  ace §end 10x/sec al Tlmlng’ Rellability’

Ee Liveliness, Redundancy,
Ordering, Filtering,
Security

G,
Vehicle Offeq

Contract

. sl e 10x/ Offer: Write
equest: Read obstacle 10x/sec
q e obstacle update

If distance < 200 m && velocity > 10 100x/sec Obstacle

Reliable for 10 secs

©2017 Real-Time Innovations, Inc.



Take it to Massive Scale

* Each level of the hierarchy
has
— Data model
— Discovery
— Security domain

e System-of-systems require
— Subsystem export control
— Data model translation
— Discovery control

Intelligent
Industrial
Internet

Intelligent
System of
Systems

Intelligent
Systems

Intelligent
Machines

Think

Unit DataBus

HM

Machine DataBus

Sense

Act

©2017 Real-Time Innovations, Inc.



Security Defense in Depth

e System edge
* Host

— Machine/OS/Applications/Files
* Network transport

— Media access (layer 2)

— Network (layer 3)
— Session/Endpoint (layer 4/5)

e Dataflow
— Control application interaction

222 )

-

I—

11,

pas
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Integrated Dataflow Security

RSU Analysis Vehicle Operator

1

e Dataflow-Level Security

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

* Complete Protection it
— Discovery authentication |
— Data-centric access control | =
— Cryptography Stat Alarms  RoutePlan
— Tagging & logging
a Non'rEpUd'a_tlon Topic Security model:
— Secure multicast - RSU: State(w)

* No code changes! * Analysis: State(r); Alarms(w)

e Plugin architecture for advanced gii'f;foftirf)(rzioﬁzi,‘iﬁw)"v )
users N
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Safety-Critical Components

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

ET® DO-178C Level A

— Flight management systems

TS (SO 26262

— Road vehicle functional safety
T |EC 60601 class 3

— Medical devices

©2017 Real-Time Innova tions, Inc.



TOOIS & Se rViceS (Ove rVieW) | Services Utilities Third-Party Help  Installation

° D ata p ers | Ste N Cy Admin Monitor Recording Shapes Demo
. . Console Console
- Pe rSISte nce Se rvice rti RTI Connext Launcher 5.2.0 - O X
— Recorder Tools | Services! Utilities Third-Party Help Installation
— Database Integration Service -,;69 ‘a - -
* Monitoring/Debugging u -. _ \lhb .
- Replay Routing Recording Replay Persistence
. Servi Servi Servl Servl
— Monitor T r——r ervice ervice Dervucex ervice
— Distributed Logger Tools | Services  Utilities | Third-arty Help | Installation

— Admin Console
— Spreadsheet Add-in

ok

— Wireshark -
. Code DDS Ping DDS Spy  Type Convert
* Integration Generator
— Routing Service g
— Queuing Service .
Record DDS RTI Package
Convert Prototyper Installer o
» Log —
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Tools & Services - Overview

Tools

* Data Persistence
— Persistence Service
— Recorder
— Database Integration

* Monitoring / Debugging
— Replay
— Monitor
— Distributed Logger
— Administration Console
— Spreadsheet Add-in
— Wireshark

* |Integration
— Routing Service
— Queuing Service

Admin
Console

Services

o

Routing
Service

Utilities

Code
Generator

_m

Monltor

Recording
Service

ool 1B

DDS Ping

(o) (m(»1)

Recording
Console

Replay
Service

DDS Spy

BN e

Shapes Wireshark
Demo
B v ,.___‘ ’.T J
bt "
Persistence Database
Service Integration

Type
Convert

Record
Convert

Excel
Add-in

Queuing Web

Service Integration
Service

RTI Package
Installer

©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 lloT Space

©2017 Real-Time Innovations, Inc.



The Big Picture
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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 q
e 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 )
. . . Machinery

Commercial Cooking Rail .

Nonmetallic Mineral Products
Consumer Products Roads
Day Care Shippin Paper

ppINg Petroleum & Coal
Elder Ca~
Entert 2 o 11; joducts
oo The lloT will have a multi-trillion-dollar facturing
3 . . . ipport Activities
Food T impact across all industries
Groce
Home
yment

Hospit  There are many, many use cases in the lloT

Pet Ca . .

Pharm They need different solutions hcare |
Photogrg,‘ pisaster rrevenuon C| a |T . |

Recreation Services Education Inical Trials

Restaurants Connected Medical Devices

Sporting Events
Street Vendors
Tourism

Travel

Environment
Fire

T a0 Public Safety

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

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
i Services

Coal Specialty Retailers
Diamonds &

Gemstones

General Mining

Gold

Iron & Steel

Nonferrous Metals
Platinum & Precious

Metals ©2017 Real-Time Innovations, Inc.
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»and Contributing Members

- o . IVAR JACOBSON
AR =2 [ ] A, ¢ Rubicon % IgTium Eellel a
- 4 ’ —
/ HUAWEI ° Fricsson e/ CMTC ’ O -ID B:DROCK
Iq (Tn/fineon A ' 'V MASTI’]C Creating Solutions mnl
o atat I
KASPERSKY: OLYMPUS @ 4dex . ANALOG
TOYOTA U A P L L e Cognizant [JARACRSE -~
azbil § ﬁmpackard
neustar gemalto’ @ Rrostelecom Enterprise

INTERNATIONAL

Machina
e m— Research leu r
I'D"1
care mnovatlons L=d
Ot 2 4o .. POIUX
@ redhat = Mobiliya
SIEMENS DENSO accenture
FE FujiEoctic MOXA TOSHIBA

DATAWATCH H
FociEEl  Asavie
s\,
K ROI
. RICOH BELDEN "€
INTERDIGITAL Haier i crange. =

kabyku system
Whmm '_\—<|n5|ghts
- | vt comsorars mi @ Globalsign.
ORACLE’ pitney bowes @" @ FUTI)TSU
FUJIFILM alaln

A o NEC

inds X‘ﬁﬂ
. <elecsys

| strix 6

Value from Innovation Mahindra

Schiumberger 2> pTC

e . COMBIENT
Jenergy
L NOKIA - €

ﬁ‘/’ﬁ
ol @ wCSS Y
(XiThetaRa PRU

NATION-E

="
Munich RE =

Changes for the Bette

sf‘péom connoo: @CambiumN
Thingswise

The World’s Largest loT Consortium

Pl Toumetis = WATERFALL “
= by ICT Austria
RF;a;nsofng‘ @ SESSS=="""" Center for Business ’.ll':chn:l':gy
I CAlCT¢u . e BEIJING UNIVERSITY OF TECHNOLOGY
The IIC created the IloT market R e Newcastle
due@ SIGHT &n e e SR ey
@MACHINE JOT 4 y n © — )
_, - OmMEXELL W@ A7X | Gi2cat ai‘:é e aunurn univensiTy [
g Cyterlightning ST < putmanMedia® #3% EnterpriseWeb.on mplia))) @ m SRR 1/L Ic;é% a
L *_ . ) O lﬂ'n & Jorns Horns i YEEARRIRRER M'Eamect
lJTEGO inopiralia }3&‘12‘?&? - FROST -/ @ 0
Pawering Assets ath reefigence DATA CAPITAL COMBETNGS Y TECHNISCHI THE 271 Group
smmsRe TS ’ gshfgrsgsiﬁgi f ' UJTré]% .= ﬁw& #:HATV L4
CANSNICAL <SevOne @ CONNIO® MOCANA W WORKS SYSTEMS %:Irw::-\e @ e BNT o f
MMi _ _  tecnalia ) uze
hazelcast @ C3 Energy ERSGA VAR mesh sSynapse
¢ decisyo @machineshop #* B TSTEW

GARDEN 7 - eC||pse @
~ TR fimecc
@ Rensselaer @ o
S YSTEMS w”nﬁm ““ No Magic

Wireless Research Center

Georgla

@ hE R TFRATRLTRR sTiechy @
T H M (hl?ih(iﬂSundav‘nﬂn?l*mlﬂult “’! lABs a TAMPERE UNIVERSITY OF TECHNOLOGY
r@recserarve 220 @y yuqper . PURDUE L®SEC MITRE  DRPR®S



Reference Architecture

* Major new release of
Industrial Internet
Reference Architecture
(IIRA)

* Key new content: The
Layered Databus
Architectural Pattern

* Lead author: RTI’s Rajive
Joshi

I

industrial intemet
CONSORTIUM

IIC:PUB:G1:V1.80:20170131

||||| ortium.org
W‘\/‘ P&
4

The Industrial Internet of Things
Volume G1: Reference Architecture

©2017 Real-Time Innova tions, Inc.



Layered Databus Architectural Pattern
e

RT3

Control Center Databus

e-e-e i

Oilwell

Oilwell

‘W Databus
o Gateway

Reservoir Encrypted Wireless Databus

{} {} {} Gzatza\/\t/):js

Oilwell

Oilwell Databus

Analytics

R

8

e Common to all
above examples

* Fits most
industrial control
applications

e Fast, reliable,
scalable

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

©2017 Real-Time Innova tions, Inc.



Security Framework

industrial intemé
Q CONSORTIUM

* The new Industrial
Internet Security

_ iiconsortium.org
Framework (IISF) N\ 4
* Only wide voice on
secu rlty for lloT The Industrial Internet of Things

Volume G4: Security Framework

IIC:PUB:G4:V0.27:CP:20160903

* Co-lead and primary
author: RTlI’'s Hamed
Soroush

©2017 Real-Time Innovations, Inc.



g Security Claims Evaluation Testbed

=)
industrial intemet
CONSORTIUM

SECURITY CLAIMS EVALUATION TESTBED

( -
“nocons ) croup * |IC Sponsor Companies
- - . - Xilinx |
\@ } ey , - Underwriters

) P —— € Laboratories (UL)
:c\/m ; - Aicas
Evaluation Procedure :: -
. = * Collaborating Companies
A/ « —

AN cocscn il - Algotronix, EYETech,
s 2o ) iVeia, JUXT, PFP
;- um Cybersecurity, RTI,
WBEP SOC-e
. ENDPOINTS -' Mp%rmg
=T ¢ '
{mvela 'g‘ ey M» \rti)

For Public Release



lIC Testbeds!

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

e Key goals

— Ensure practical
guidance

— Make impact

— Span the
industry

Time Sen5|t|ve Networks Testbéd

Track and Trac’e Testbed SmartV\bter ManagementTestbed

©2017 Real-Time Innovations, Inc.



The IIC Industrial Internet Connectivity Framework

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

— Architecture
— Assessment
— Standards

DDS

OPC UA THINGS/ARE COMING TOGETHER™
OneM2M INDUSTRIAL INTERNET

HTTP CONNECTIVITY-FRAMEWORK
M QTT ’ - "ﬁfi;‘ﬁf,“%"cz‘n‘"‘iﬁf?"éin"ﬁ.ﬁi.‘.“&;‘fé““"e -

* CoAP 4
— Examples & selection guidance

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

Released Feb 28, 2017

©2017 Real-Time Innovations, Inc.



Evolution of the lloT Connectivity Stack

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

lloT Connectivity
Stack Model

(2017)

Industrial loT
(2014)

(1970s) (1984)

www.iiconsortium.org

©2017 Real-Time Innovations, Inc.



lloT Connectivity Stack Model

Semantic
. Distributed Data . , Distributed Data .
Information Interoperability and Management Information (Data in Context) Interoperability and Management Interoperability
(data context)
Syntactic
Framework Data (State, Events, Framework Interoperability
o Streams) (data structures)
Connectivity
Technical
lICF Transport Messages Transport Interoperability
Focus (bytes)
Network Packets Network
Networking
Link Frames Link
Physical Bits Physical

©2017 Real-Time Innovations, Inc.



Connectivity Core Standards Architecture

 The future will

Many domain Comb_ine
functions and
standards
* Connectivity Core

‘Y XX X X Standards

— Span the space

— Connect
through
Standard Core
Gateways

— Enable capable
networks

Standard Core
Gateways Few Core Standards

©2017 Real-Time Innova tions, Inc.




lICF Catalog of Connectivity Standards!

* Frameworks
— DDS
— OPC-UA
— oneM2M

* Transports
— HTTP
- MQTT
— CoAP

Assessment Template Worksheets

©2017 Real-Time Innovations, Inc.



Connectivity Standards

Distributed Data
Interoperability and Management

Framework

Transport

AN

[

Physical

\

Engr.gy & 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)

4 N ( N\ N N ( \
E:[I'hSN/ ¢ Wireless W:IZISSS Wireless Wireless
(8095“13 PAN 80211 Wi 2G/3G/LTE Wide Area
802.3) (802.15) Fi) (BGPP) (802.16)

L J / J / J




lloT Connectivity Perception

A

Requirement 2, e.g. fan-out

Requirement 1, e.g. latency

©2017 Real-Time Innovations,

Inc.



lloT Connectivity Reality

A

Requirement 2, e.g. fan-out

m

Requirement 1, e.g. latency

©2017 Real-Time Innova tions, Inc.



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

©2017 Real-Time Innovations, Inc.



Choose DDS?

* Are there severe consequences of failure for a short time?
* Have you said “millisecond” in the last 2 weeks?
* Do you have more than 10 software engineers?

* Does your data have many destinations?
* Are you implmenting a new lloT architecture?

©2017 Real-Time Innova tions, Inc.



Choose OPC UA?

* Are you in in discrete manufacturing?
* Are you associated with the German Plattform Industrie 4.0?

* Are you building a device that will be integrated by industrial or
control en§ineers and technicians, rather than software
engineers:

* Will your product be used in different a]JopIications 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?

FOUNTDATI 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?

* 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?

“ M

©2017 Real-Time Innova tions, Inc.



Choose MQTT?

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

* |s interoperability not a consideration?

* Do you have many small devices?

* |s software a minor challenge?

©2017 Real-Time Innova tions, Inc.



1

-n

. What if'None Fit?

4

5
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D DOMAIN FOCUS AREAS ARE COMPLEMENTARY '

. -

ENERGY

HEALTHCARE

MANUFACTURING Detailed model for

next-gen Manufacturing
value chain

PUBLIC DOMAIN

TRANSPORTATION Cross-domain &

Interoperability
in lloT




/!

The Applications & Users are Very Different

You are a software architect. You: * You are a device manufacturer. You:
Manage & integrate software development teams * Build a device for many applications
Design & control architecture & data model * Do not control the installation data architecture
Face challenges in defining software module * Face challenges of device vendor interoperability,
]ic?(;csvrfaces, implementing redundancy, complex data users who are not software experts
)
s

©2017 Real-Time Innovations, Inc. Permission to distribute unmodified pdf granted.



All ngrammable
Industria) Control Systems

OPC UA & DDS Integration Testbed

k.
=-... @ Matrikon £t oo

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

OPC UA over TSN > | DDS >
< POWERLINK
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m Aerospace & Defense Energy & Utilities

Colleges & Universities Air Force Chemicals Aeronautics
Conferences & Workshops ~ Arrmy Electric Airport

Laboritories Aviation Mining Cargo Handling
Publication Home Land Security Oil & Gas Cruise Industry
Schools m A mero ot oot "t
Trade Schoc nt
pmmm  ThelloT is Big. Really big. You just won't believe how

Air Pollutior vastly, hugely, mind-bogglingly big it is.

Biodiversity ervices
Eco-constru. on
Environmental Monitoring & Instrumentation Commercial Cooking Rail

Environmental Research & Development T Roads

Heat & Energy Saving and Management Day Care Shipping

Metrology 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

Buildings & Facilities Media & Communication

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 T .
elevisions
HVAC g -
Office ideo Recorders
Real Estate Wireless Services

Entertainment
Food and Beverage
Food Trucks
Grocery
Home '

Hospit

Pet Ca

Pharm

Photoy

Recre:

Restat

Sportil

Street

Touris

Travel

| Find

Account.

ATM Systems
Credit Card Systems
Point of Sales

Retail Banking

Transportation
Trucking

\/nhirla

Apparel

Beverage & Tobacco Product
Chemicals

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

Food

Furniture & Related Products
Industrial Automation

Leather & Allied Products
Machinery

Nonmetallic Mineral Products
Paper

Petroleum & Coal

Plastics & Rubber Products
Primary Metal Manufacturing

The standards are very different!

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

Transportation
Waste Management
Water

The standards are working to interoperate

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

Blcriculture Ml Retail |
Apparel Retailers
Broadline Retailers
Drug Retailers
Food Retailers &

es Wholesalers
Home Improvement
Retailers

Specialized Consumer
Services

|
Specialty Retailers

&
'S
JAining

Iron & Steel
Nonferrous Metals

Platinum & Precious

Metals ©2017 Real-Time Innovations, Inc.



11IC’s Highest Honor







Progress

How are RTI & DDS doing?




HiL Simulation for
development and test across
ne Volkswagen Group




- e { e A : DDS is in operation at Shanghai P‘O‘G.qu\r:agcontrol since 2015
- "- ' Currently ground controlfor entire South East China region

- Ead

" Expanding to air operations.




"By replacing our previous messaging
software with RTI Connext DDS, we were
able to increase efficiency by 30% while
providing a secure, open architecture that
will make it easy for us to monitor the
system remotely into the future. Together
with RTI we are building locomotives that
leverage the full power of the Industrial
Internet.”

LN

—Tab Mong, System Architect at GE
Transportation



.

DDS On Board '\

9

N v p .?ﬁ- 1 ¢
major-brand'passenger
" & cars;trucks, mining

~ vehicles, EV startups,
campus shu
hyperloop ¢

e >14 of thes
track

N

- B N
U S \
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Control Future Transport

* The control systvem comblnes Natlonal
Instruments LabVIEW nodes with many
different systems




The Hyperloop One System

live>
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Scale Intelligent Transportation

e Cubic’s NextCity™
vision integrates city
management,
integrated traveler
payment, and system
Information

* Modernizing traffic
control and mass
transit helps travelers
find the smartest way
to travel and easiest
way to pay

. Helﬁs transportation
authorities manage
demand across the
entire transportation
network in real-time

Intelligent travel made real”

©2017 Real-Time Innovations, Inc.



* The NASA KSC laun:

~ SCADA

It combines 300k points,
at 400k msgs/sec

RTI Connext DDS povﬁrs
launch control, in-flight
monitoring, UAV reentry-

tracking ground station,
and the recovery ship

Wk
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Control a Safe Flying Car AIRBUS

« Urban air mobility \
daily life for millions.

Airbus Vahana is developing the fi
certified, electric, self-piloted vertical

take-off and landing (VTOL)
passenger aircraft.

RTI Connext DDS addresses diverse
systems with the same technology,
greatly simplifying design integration
and modularity.

02017 Bkt Iy AiRBUS GROUP
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Enable UAS Flight in National Air Space

* The Ground Based Sense and
Avoid system allows
autonomous planes in US
National Air Space

— Repositioning
— Training & testing
— Disaster relief

— Forest monitoring and fire
suppression

 DO178C safety certified

* Operational with RTI Connext
DDS in 2016

r—-‘
P
=
(~
o~
—

Management: US Army UAS Project Office
System integrator: SRC, Inc.



Hundreds of A&D Programs

YYYYYYYYyw
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& System), we made it possible for

- with our system.”

Enable Undersea Exploration

OpenROV is bringti)ng a robust, —
reliable and capable ;

underwater drone platform to
consumer, research, and
industrial markets

“With RTI Connext DDS, we have been

able to rapidly achieve our technical

~goals across multiple platforms, while

~ satisfying the common customer

- requirement of product reliability. By

leveraging emerging tools for designing
and interfacing with DDS systems, such

~ as OSRF's ROS2 (Robot Operating

customers to expand and interoperate

— Charles Cross

Embedded Systems Engineer ®



.8 gl TRECEE . Mool

+ .-Advance Precision:Scignce: :

B -

European Southern Observatory’s 8.2m
Very Large Telescope can see objects
four billion times fainter than the eye

The new 39-meter Extremely Large
Telescope, under construction, will be
the world’s largest optical telescope

The telescopes precisely synchronize
hundreds of servo mirrors and scientific
Instruments

RTI middleware coordinates precise
control and measurement

e
'Thor’sHeImét_NebuIa X
" Credit:€50/B. Bailleul |

°

©2017 Real-Time Innovations, Inc.



Critical Power Management

[ —

 DDS controls the 6.8 GW Grand Coulee Dam

— Largest power plant in North America

— Fastest-responding major power source on the
Western Grid

e RTI system live since Jan 2014

U.S. Army Corps
of Engineersg

©2017 Real-Time Innovations, Inc.



Hydropower Nationwide

The S
Willamette

EEEEEE

//////

" Independence

A

e 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




Control Renewable Energy

* The Spirae Wave Microgrid Solution reliably
integrates Distributed Energy Resources (DER)
such as solar, wind, and battery storage. It
supports |sland|ng, resynchronization,
import/export, and spinning reserves
management.

= = = =
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Drilling Automation

* Improves well quality and production

* Captures domain knowledge from the 60%
of field experts retiring over next 6 years

* Increases safety
* Protects the environment
* Decreases drilling time and costs

* Decreases downtime and equipment
failure

©2017 Real-Time Innovations, Inc.



Efficient, Safe Automation

e Robotic Drilling
Systems AS uses RTI
Connext DDS to
reduce manual
operations for
flexible drilling

* The RDS robotics
system automates all
operations on the
drill floor, replacing
slow, dangerous
operations with fast
and safe handling

ki
il

W7
| 7~ Robotic

DRILLING SYSTEMS
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Work in Harsh Environments

* Joy Mining is the world’s
largest mining
equipment
manufacturer

* RTlI Connext DDS
connects the controller,
operator GUI, and
historian

* Reliable, fast
connectivity enables
control, debugging, and
system health
monitoring for
continuous mining

©2017 Real-Time Innovations, Inc.



Common Platforms

"GE Healthcare chose the DDS
standard because it can handle
many classes of intelligent machines.
DDS satisfies the demanding
requirements of our devices and
supports standardization on a single
communications platform across
product lines."

-- J Gustavo Perez, General Manager for
MI&CT Engineering

©2017 Real-Time Innovations, Inc.



GE Healthcare Clinical Care Systems

* RTl’s largest
single project

* Will bring smart

©2017 Real-Time Innovations, Inc



Vehicle/Cloud/Infrastructure Systems

CONTROL

Physio-Control supplies
emergency response medical
equipment to 60% of the
world’s emergency vehicles

"Physio-Control is utilizing
RTI Connext DDS to exchange
critical patient care
information throughout the

system of care.”

-- Dale Pearson, VP Data




INSTRUMENTS

 DDS toolkit for
LabVIEW integration
inside LV Suite

* Joint sales & marketing
efforts

y NATIONAL




The Mathworks

1 Analysis Code Tools Help

EG-E- @ = @~ [Normai
untitied I
& | *ajuntited
@
3]
= ub

[z

Simulink Block Set

& Code Gen

DOMAIN_PARTICIFANT

v Getting Started Resources

v Videos

Installing the DDS Support Package 9:00
MATLAB and the DDS Support Package 13:08

Simulink and the DDS Support Package 13
Getting Started with MATLAB 7:00

Programming and Developing Algorithms with

MATLAB 4:32

> Documentation

Direct Matlab

PicODS Sine Plot (1000 Hz)

300 r

—— Sine

—  SawTooth
250 :

g

SineTable Value
3

1 Period allows 1000 PIC Instructions =
0.001000 seconds = 35 SineTab Samples = 28 Cycles/Sample

Ingest, real-time e - o x
3 plotting and data B = Q 1]/7 S21%  ~ ® Sign In
o101™} acquisition :
o DDS Blockset Pilot Support Package (PSP)
User Guide
Relafa 4 Version 2.9.0

70-Page User Guide

Detailed Video Including

Tutorials

Code gen, running
on Raspberry Pi

ISSUE DATE: 16 August 2016

x

1200



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

©2017 Real-Time Innovations, Inc.



NetFoundry Simplifies DDS over the WAN

Connext {‘

Routing Service ,

Local DDS Databus

Sensors _ -

* NetFoundry SDN solution for WAN

* Routing Service connection
simplified with VLAN and Cloud
Discovery Service

* Network security is simpler

* Increased performance over the
WAN

3 otz
am

Connext
Routing Service

Local DDS Databus

Sensors _ -




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 Innova tions, Inc.



Traction Across the lloT

* Transportation

Carbots

Rail & mass transit

Traffic control (ground & air)
Drones and personal aviation

* Energy

Renewable generation (hydro, wind, solar)

Renewable integration (Substation automation, DER
pilots, microgrids)

Automated drilling & production

e Medical

Intelligent connected medical devices
Surgical robotics
Imaging & treatment systems

e Defense

Avionics & UAS

Naval systems
Radar/antimissile/air defense
Ground vehicles

Asset tracking/C2

©2017 Real-Time Innovations, Inc.



DOWNLOADS LIBRARY DEVELOPERS SUPPORT .3
Your systems
Working 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.

ICLLLILESL L]

)E RIA EO TUTORIAL

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

E F nole <teps in this video
P teps ! geo

rial to install Connext DDS or tutorial to insta

its capabilities without the need for

coding 2
| I\



Some Numbers...

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

e ~130% 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 Real-Time Innovations, Inc.



2017 Headcount Plan

180
160
140
120
100

8

(&)

6

o

40
20
0

Headcount Plan

1l 43%

2015

2016

2017
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Scott McNealy

Welcome to RTI’s Advisory Board!



Balanced Delivery

* Consistent progress in all key a
e User input welcome!

©2017 Real-Time Innova tions, Inc.






S Well documﬂ\ted quallty manual
AT N
l\m J e —-Jj — Professional’'development tools
A — Extensive, automated testing

el — Rigorous training and reviews

| - . ,‘ — Careful configuration and branch mgmt
1 1 =T — Extensive issue tracklng&mgmt

IR S industry’s best lab.facility ..

Lk L) | t'j'l — 240-core scale test; runs 100%

- 1 & programs, 10k endpoints .
— 32 fast Xeon CPU array

— 128-board Micro test array'® &
- Alrfst 100 types.-of computers

— 2x NVIDIA Drive PX 1
Cloud, fog, edge, embedded S

78C level A evidence capable

ome customer process audit!
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Building Momentum




RTI Market Awareness

The 10 Most Influential Industrial loT Companies
RANK NIS
1 38 RTI b
J
2 29 Google e
3 2 Qi il
180 Cisco RTl is pleased to give our
customers a head-start on bullding
robust Industrial Internet systems.
4 22 GE % - Source: Market Wire 06/17/2014
5 22 omron o'mon Cisco, AT&T, GE. IBM and Intel
announced the formaticn of the
= Industrial Internet Consortium ™, an
6 17 Data LOgIC open membership group to support
better access to big data with
Improved integration of the physical
7 15 3 and digital worlds.
Emerson Electric GE announced that it would invest - Source: Yahoo! Finance 05/14/2014
$1 billion in the Industrial Intemet.
L More N More |
udes
n platform
ships,
onsortium.
n4

Must Follow
Company

All Nominees

EDITORS CHOICE WINNER

4

Slock.it

PEOPLE'S CHOICE WINNER

arkessa

41}

Py 'y 3

Arkessa

PEOPLE'S CHOICE SILVER

Real Time Innovations

Silicon Valley Top 10

PLACES

J coron

/ Mobile & Wireless

{ ,,, . 2016 Awards 3‘,"

2016 Award Winnef

RTIl: 2016 IoT Emerging
Company of the Year for the
Enterprise Market
Compass Intelligence

.

v boo
— 7_2?'6 Award Winnef

RCRWiteless News

NTELLIGENCE ON ALL THINGS WIRELESS

HOME | INTERNATIONAL ¥ | POLICY ¥ | ANALYST ANGLE v | OPINION v | DEVICES | BIG DATA ANALYTICS | INTERNET OF

TEST EQUIPMENT v | CARRIERS v | MOBILE SIGNAL MAP | NFV | 5G | DAS | SDN | CLOUD COMPUTING | SMALL CELLS | EN

INTERNET OF THINGS pr===*

| In-depth: Top 10 Internet of Things companies to watch

©2017 Real-Time Innovations, Inc.

" VolLTE: Tul

Top 25 loT Companies 2017
CEO Top 10 Influencer 2017

Top 10 Companies
Industrial loT

IBM
AT&T
Cisco

Amazon
Google
Samsung
Apple
Microsoft



Top Industry Influence

CEO top 10 lloT influencer

Top 100 lloT Influencers

2nd Quarter of 2017

This quarter, we assessed loT ONE's pool of influencers and identify the 100 individuals with the most influence in lloT.

We welcome you to advise future rankings. Share who you believe are the most influential lloT individuals here.

Ecosystem Business Technological

- s " g "‘ - !
o itV |
Henning Kagermann Jeff Immelt Richard Soley Elon Musk
President, Acatech CEO, General Electric Exec. Director, 1IC CEO, Tesla
3 14 14 7

industrial intemet
CONSORTIUM

5

74 ,,

Cao Jianlin Volkmar Denner Stan Schneider
V. Minister, CCP CEO, Bosch CEO, RTI

13 23 35 3 24

5
Jim Heppelmann

CEO, PTC
7

P

Invented for life
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Some SB Bets on RTI

-
REVOLUTION C

UNCOMPROMISED.
)

e [




The Industrial loT 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

©2017 Real-Time Innovations, Inc.



Why RTI? Why Do We Have Momentum?

Truly profound technologies become part of everyday life.
Motors, plastics, computers, and now networking have made

this transition in the last 100 years.

Another step is emerging 'ogression: pervasive, real-
time data. This diffe%; e Internet in that this pervasive

information infrastruccuare will connect devices, not people.

©2017 Real-Time Innovat ions, Inc.



— * Vision
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Momentum Physics
)

Morwree.

* Increase it? \'ﬁ\\ b

— More of us .'I

— Moving faster o
together




©2017 Real-‘l;ime Innovat"gns, Inc.



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 Innova tions, Inc.
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Makes the World Run Better




