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VT MAK delivers compelling simulation &
visualization solutions for...

o Experimentation
e Systems integration & test
e Man-in-the-loop training

e Virtual Prototypes
e Concept Demonstrations



Why are we here?
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Working as one.

RTI News Releases

Real-Time Innovations Announces Partnership with
VT MAK for the Training and Simulation Market

Partnership will Focus on Demonstrating Interoperability
Between HLA Federations, and DDS-based Systems and
Components

SUNNYVALE, Calif. - April 3, 2018 - Real-Time Innovations (RTI), the Industrial Internet of Things (loT) connectivity
company, today announced & partnership with VT MAK, the leading developer of modeling and simulation software for
live, virtual and constructive simulation. The companies will work together to accelerate adoption of advanced
distributed training environments by providing interoperability between the disparate standards currently used in the
underlying simulators and operational systems. These standards include the Data Distribution Service (DDS), which is
widely used in operational systems, and High Level Architecture (HLA) and Distributed Interactive Simulation (DIS),
which are both used in virtual systems.

Connecting live and virtual systems for on-demand training has required extensive knowledge of how each system
communicates. In order to integrate these systems, developers must have a comprehensive understanding of their
object models, interfaces and protocols. In an example training scenario, a simulation system might bridge together live
information from a naval combat system using DDS, and sense and destroy simulated targets using HLA. The system
must implement & Live/Virtual connection while allowing all data to be analyzed so that scoring and critical feedback
can be shared with the trainees.
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About RTI

Rezl-Time Innovations (RTI) is the Industrial Internet of

Things (lloT) connectivity company.

The RTI Connext® databus is a software framework that
shares information in real time, making applications work
together as one, integrated system. RTl is the largest
vendor of products based on the Object Management
Group (OMG) Data Distribution Service™ (DDS)
standard.

Learn more »

Media Contacts

For all media inquiries, please contact: press@rti.com

Cameron Smead
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Relevance to Users of Connext DDS

Interoperability between the real-world protocols (DDS) and
simulation interoperability protocols (e.g. HLA and DIS)

Bringing simulation assets to bear to help solve real-world
problems (stimulation of equipment, training on real
equipment in simulated scenarios, etc.)

Visualization of real world systems and data
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Agenda

Modeling and Simulation Market, and where VT MAK Tools Fit
nteroperability in the M&S Community (HLA, DIS)

How we can help

Interoperability Between Operational Systems and
Simulation Applications

Use of 3D Virtual Environments to Visualize Real-world
Data
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MAK Profile

World-wide leader for software products and services
to the global defense simulation market

-ou

Headquartered in Cambridge, MA

nded in 1990 by two MIT alums from that had

worked at BBN on DARPA’s first distributed simulation

Pro]

Aco

iect (SIMNET)

uired by VT Systems in 2006 — a US-based

subsidiary ot Singapore Technologies
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Over Two Decades Helping Customers Build and Populate
3D Simulated Environments
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MAK Helps Customers in all Phases of Programs

Proposals =

Demonstration | - Systems Prototyping
Concept Development Pre-Systems « Systems Integration
Experimentation Acquitision « Systems Test

« TTP Development

System
Development

Training
Programs
Sustainment
* Trainers

« Simulators
 Embedded Training
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Typical Training Example

Display System

_~ Virtual Simulator _~Instructor Operator
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Connect & Interoperate
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e Simulators

—~ Sensors

Technology Components

Image Generator

Network

22-May-18

Company Confidential — Subject to Change

%W% VI MAK
s
A company of VT Systems

11



MAK Products

® VR-Vantage
| o
@ VR-Engage VR Forces
_—@VR-Vantage
SensorFX & RadarFX
@ — = R MAK Logger

MAK RTI (@) VR-Link & VR-Exchange
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MAK Capability Overviews

Synthetic Training Environment Demo

VR-Forces Introduction

VR-Engage Introduction

m
()
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Photo-Realistic Terrains

File View Settings Observer Intervisibility Help
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Interoperability in Defense M&S
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Historsy
1980s: SIMNET Protocol developed by DARPA / BBN

» First US DoD interoperability protocol for real-time simulation

Early 1990s: DIS (Distributed Interactive Simulation)

* Developed as an open standard
* Wire protocol, built-in object model, real-time focused, low-

bandwidth
 |[EEE 1278.1

Mid 1990s-2000s: HLA (High-level Architecture) IEEE 1516.1

» Scalable publish-subscribe architecture
* Object model flexibility
» Standardized API with middleware implementations

m
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DIS PDUs
Protocol Data Units

Table 134—Entity State PDU

Entity Type

Entity Kind—8-bit enumeration

Domain—38-bit enumeration

Country—16-bit enumeration

Category—_8-bit enumeration

Subcategory—_8-bit enumeration

Specific—8-bit enumeration

Extra—38-bit enumeration

Alternate Enaty Type

Entity Kind—8-bit enumeration

Domain—38-bit enumeration

Country—16-bit enumeration

Category—=8-bit enumeration

Subcategory—=8-bit enumeration

Specific—8-bit enumeration

Extra—38-bit enumeration

Entity Linear Velocity

x-component—32-bit floating point

y-component—32-bit floating point

z-component—32-bit floating pomt

192

Entity Location

X-component—&4-bit floating point

F-component—64-bit floating point

Z-component—~64-bit floating point

Entity Orientation

Psi (W)—32-bit floating point

Theta (8)—32-bit floating point

Phi (¢)—32-bit floating point

Entity Appearance

32-bit record

320

Dead Reckoning Parameters

Dead Reckoning Algorithm—8-bit enumeration

Other Parameters—120 bits

Entity Linear Acceleration—3 x 32-bit floating point

Entity Angular Velocity—3 X 32-bit floating point

Entity Marking

Character Set—8&-bit enumeration

11, 8-bit unsigned integers

w
(=]

Capabilities

32-bit record

Lk Entity State PDU fields
(bits)

Protocol Version—S8-bit enumeration
Exercise ID—S8-bit unsigned integer
PDU Type—S8-bit enumeration =1
Protocol Family—S8-bit enumeration = 1

96 PDU Header
Timestamp—32-bit unsigned integer
Length—16-bit unsigned integer
PDU Status—S8-bit record
Padding—S bits unused
Site Number—16-bit unsigned integer

48 Entity ID Application Number—16-bit unsigned integer
Entity Number—16-bit unsigned integer

8 Force ID 8-bif enumeration

8 Number of Variable Parameter Records (V) | 8-bit unsigned integer
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128

Varable Parameter record #1

Record Type—8&-bit enumeration
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HLA (High-level Architecture)

Rather than standardize communications protocol, standardize
communications AP

Applications communicate with each other through
middleware called a Run-time Infrastructure (RTI) by making
calls to API

Networking details are handled by RTI and hidden from
applications

N
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More Fundamental Concepts

Federate is any application participating in distributed
simulation

Federation is named set of interacting federates with common
Federation Object Model (FOM) and supporting Run-Time
Infrastructure (RTI)

» Used as a whole to achieve some specific objective (i.e., simulation
exercise)

Federation Execution is one instance of a federation running.

all
"% VT MAK
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Objects

Physical components of federation
» Entities, radios, munitions

Objects have attributes
» Federates exchange information on an attribute basis, not on an
object basis
Supports hierarchy structure

» Federates can subscribe to information about broad class of objects,
such as all tanks

"
"% VT MAK
A company of VT Systems
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Interactions

Explicit action taken by an object

» Detonations, Collisions, Signals

Interactions have parameters

» Federates transmit and receive interactions that contain all of the
parameters, simultaneously

Supports hierarchy structure

» Federates can subscribe to information about broad class of
Interactions, such as
» All engagements or just air-to-ground engagements

My
— , e VT MAK
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Example Object
Class Hierarchy

Aircraft
ps
AmphibiousVehicle
ps
GroundVehicle
ps
Platform MultiDomainPlatform
» s ps
Spacecraft
ps
SubmersibleVessel
| ps

SurfaceVessel
ps

Human

ps

Lifeform

o

NonHuman

ps

T vy ui \ I oo s = mm——— \ " .
HLAobjectRoot I <} . BaseEntity I <} | PhysicalEntity <}
: k 1 ‘h 1 ] s

»
CulturalFeature
b ps

Expendables
ps

ps

4[
4[
_{ I:llunition B
4[ :
4[
4|

Sensor
] ps

Supplies ]
| ps
n
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22-May-1 8 Company COnﬁdeﬂtia| — Subject to Change A company of VT Systems




Example Attribute Table

22-May-18

Datatvpe Sharing Ownership |Order Transportation Dimensions
DamageStatusEnum32 PS DA RO HL AbestEffort
Update type Update Condition
DamageState Conditional On change
Semantics
The state of damage of the entity.
Datatype Sharing Ownership |Order Transportation Dimensions
RPRboolean PS DA RO HL AbestEffort
Update type Update Condition
EngineSmokeOn Conditional On change
Semantics
Whether the entitv's engine is generating smoke or not.
Datatype Sharing  |Ownership |Order Transportation Dimensions
RPRboolean PS DA RO HL AbestEffort
Update type Update Condition
FirePowerDisabled Cosditial On change
Semantics
Whether the entity's main weapon system has been disabled or not.
Datatype Sharing Ownership |Order Transportation Dimensions
RPRboolean PS DA RO HLAbestEffort
Update type Update Condition
FlamesPresent Conditional On change
Semantics
Whether the entity is on fire (with visible flames) or not.
Datatype Sharing Ownership |Order Transportation Dimensions
ForceldentifierEnum8 PS DA RO HL AbestEffort
Update type Update Condition
Sonceldentivex Conditional On change
Semantics

The identification of the force that the entity belongs fo.
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MAK Interoperability / Infrastructure Tools

MAK plays a similar role in the HLA (and DIS) community as
Real Time Innovations does in the DDS community

Leading middleware provider

Provic

Provic

er O]

_eading contributor to standards efforts

- expertise and interoperability support

er O]

- a variety of higher-level tools and products

22-May-18
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MAK Interoperability / Infrastructure Tools

MAK RTI (HLA

Middleware)

VR-Link (High-level SDK for achieving native compliance with

both HLA and
case)

DIS — VR-Link sits on top of the RTI in the HLA

MAK Data Logger (Records and replays DIS/HLA traftic, along

with video and

audio streams, and exports for analysis)

VR-Exchange (
protocols)

~lexible Gateway for translation among multiple

WebLVC Server (Bridging web and mobile apps with
traditional, native applications)

22-May-18
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VR-Exchange connects
your diverse network

Q Site 3 (Other) O

-

L site1 (HLA Evolved@

= () -
—
° VR-Exchange VR-link Federate

—_Site2 (HLA) m

VRL

:CD Site 4 (DIS)

O

W

Federate
VR-link

VRL

22-May-18
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VR-Exchange

Connectivity in 3 steps

Choose
Configure

Plug In

RPR FOM

Broker

Translators

11:1:0:1:0:102:0
1:2:225:20:-1:-1:-1
1:3445:50vrx

New Filter

Filter Type

e ]l

| Type

e l=)

Filter: |0:0:0:0:0:0:0

The following objects will be fitered:

Cancel

= HLA 1516

@ VR-Exchan

ge

File View

Connection

Options

Help

x
El

MAK RTI

Translator

Discovered by

Name

1:3001:20vx
1:3001:28vex  1:3001:28
1:3001:52vex  1:3001:52
1:3001:017vex 1:3001:117
1:30016vix 130016
1:3001:05vx  1:3001:15
1:3001:3%vex 1300139
1:3001:44vrx  1:3001:44
1:3001:125vx  1:3001:125
1:3001:120vex 1:3001:120
1:3001:45vx  1:3001:45
1:3001:55vx  1:3001:55
1:3001:56vrx  1:3001:56
1:3001:118vrx  1:3001:118
1:3001:113vex 1:3001:113

Entity ID
1:3001:21

Mearking Text
P33
Oksoy 1
Song1
Passive Sol
55

FishBt 2
POLtank 1
FishBt 1
Mi659
Mi657
ARTICVOY
FishBt 3
Barracks 4
MK656
M54

Type

XY

Discovered

Lest Updated
66.53

6063

6458

738

7044

@ X Objects

Type Publisher Time Received
ois
ois
s 486l

036ips
e
4509

14365
5270
5310
5320
5580
6256
6972
003 ips
0.26ips

Description

1:3001:155-0Xvrc sent radio signal
1:3001:33-0Xvrx sent radiio signel
1:3001:146-0Xvrx sent radio signal
1:3001:33-0Xvnx sent radio signal
1:3001:33-0Xvrx sent radio signal
1:3001:33-0Xvrx sent radio signel
1:3001:33-0Xvrx sent radio signel
1:3001:151-0Xvrc sent radio signal
1:3001:155-0Xvrx sent radio signal
1:3001:117-0Xvrx sent radio signal

I

@ X Interactions.

1,000

VR-Exchange Portal

Build your own (s

broker with VR-Link o

30

60

]
@ x

Connections

Connection
RPR HLA 1516 Evolved
DI

Status.
Connected
Connected

22-May-18 Company Confidential — Subject to Change

=

Ay

s VT MAK

Uy

A company of VT Systems

28



Any combination you can imagine

VR-Exchange

RPR FOM
MAK RTI

RTI Connext DDS

WeblLVC

WebSockets, JSON

HLA (RPR) 1.3
HLA (RPR) 1516
HLA (RPR) Evolved
DIS 4

DIS 5

DIS 6

DIS 7

DDS

COT

TENAS
WebLVC
AFMSTT

ERF

MATREX

MRF
AviationSimNet
ADS-B

AlS

22-May-18
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Filter and monitor entire simulation

* Real time Charting of Performance
* Filter objects by Area, Object Type, and

O bJ ect I d’ an d ot h ers.  File Vlev: Connection Options Help
; Translator Discovered by Name Entity ID Marking Text Discovered Last Updated
DIS 1:3001:183... 1:3001:183 29.43 29.43
DIS 1:3001:189... 1:3001:189 29.43 29.43
DIS 1:3001:191... 1:3001:191 29.43 29.43
DIS 1:3001:193... 1:3001:193 29.43 29.43
DIS 1:3001:209... 1:3001:209 29.43 29.43
DIS 1:3001:210... 1:3001:210 29.43 29.43
= | 4 Entity St.. 229.64 ups
B DIS 1:3001:177... 1:3001:177 27.36 72.25
=3 DIS 1:3001:180... 1:3001:180 27.36 7215
; T;pe Publisher Time Received Description
L > ' . P 0.08 ips
=% Statistics Legend - (] DIS 27.36 1:3001:0vrx sent data to 65535:65535:0vrx
DIS 27.36 1:3001:0vrx sent data to 65535:65535:0vrx
Field Name Line Style Line Color Units ~ DIS 27.36 1:3001:0vrx sent data to 65535:65535:0vrx
# Object Messages —— - = = DIS 27.36 1:3001:0vrx sent data to 65535:65535:0vrx
# Interaction Messages = »n DIS 27.36 1:3001:0vrx sent data to 65535:65535:0vrx
# Control Messages =~ --------- - = -§ DIS 27.36 1:3001:0vrx sent data to 65535:65535:0vrx
o
b
RPR HLA 1516 Evolved | =
' % in Frame B % - | x Connection Status
| S Out of fsaeme - - - = N g == RPR HLA 1516 E... Connected
% Internal Processing _— % DIS Connected
N % External Processing ————=— % ‘
| % Message Processing = ========= %
% Translation Processing %
' % Other External Processing —--—-~ - % !
| % Other Frame Processing ————— % TN
" Frames-per-Second @  ————=— Hz _E
Interaction Rate @ =  =====eee- Hz _g =
Object Count —————-— = = =
DIS ol U
Time: 72
% in Frame ——c——=c - 1] % 18
[ o Nt of © . . or

[
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MAK and DDS
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Various DDS projects over the past decade

Analysis of data from live, instrumented training range

Built after-action review system for Meggitt Training
System’s NGLF (Next Generation Live Fire) program

Support for

HLA-to-D

Displaying ¢
tools

ata from

DS translation on various programs

DDS applications in our visualization

Netherlands Tacticos Program — Using VR-Forces scenario

generation software to stimulate tactical systems on naval
ships — to support training at sea

22-May-18
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New partnership with RTI

RTI and MAK have collaborated to create a Broker for VR-
Exchange based on RTl's Connext DDS software

VR-Exchange’s open APl allows RTI to maintain this Broker as -
to keep up with future Connext DDS versions, etc.

Demonstrated integration at National Center for Simulation in
Orlando in April, 2018

VR-Forces scenario data (HLA) translated through VR-
Exchange to DDS, and visualized in real-time on a Harris
Corpmoving map display

[
s VT MAK
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Use Cases
Stimulation of operational displays, Uls, and devices with

simulated data
During testing and development of operational systems

—or training on the live systems after deployment

Simulated video to stimulate security or Command and
Control systems; train machine vision systems (autonomous
vehicles)

Bringing input from live systems into the virtual environment
for LVC (live, virtual, constructive) simulation

General interoperability between DDS and HLA

[
¢ VT MAK
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Visualization of DDS data

Desktop, large custom displays, or Virtual Reality / Augmentead

Reality environments

MAK tools are particularly useful when data needs to be
visualized in real-world environments (terrains built on GIS
data, import OpenStreetMap, etc.)

Example: OPNET Modeler uses MAK’s 3D engine to visualize
locations and relationships between nodes of mobile ad-hoc
networks (nodes, relays, towers, etc.) and overlays 3D
information data onto the display

[
¢ VT MAK
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MAK Capability Overviews

Synthetic Training Environment Demo

VR-Forces Introduction

VR-Engage Introduction

m
()
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Thanks

Len Granowetter
VT MAK
lengrano@mak.com
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