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"All the world's a stage,
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Overview

IEEE Distributed Interactive Simulation (DIS)
protocol has been used for many years to build
networked simulations that share state

X3D DIS component aligns these capabilities with
X3D scenes to enable sharing of state data

e EspduTransform: protocol data units (PDUs) for
EntityState, Collision, Fire, Detonation

e Signals: ReceiverPdu, SignalPdu, TransmitterPdu
Various open-source tools, codebases available

e e.g. Open-DIS open source in Java, C++, C#, etc.
e Currently only one X3D browser implementation ®


http://en.wikipedia.org/wiki/Distributed_Interactive_Simulation

Overview: DIS Network Protocol

Distributed Interactive Simulation (DIS) network
prototcol is an IEEE standard since 1995

« IEEE 1278 is a communications standard for
physically based distributed simulations

« Standard defines the binary layout of a series of
messages used to transmit simulation information

» Often used in military applications since IEEE 1278
covers a wide range of data, including entity
location, velocity, and orientation, and more
features such as signal and supply support

 Also used in civilian applications: air-traffic contro},
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PDU defined

Protocol data unit (PDU) generally considered
to provide a unit block of information
» Delivered among peer entities on a network

* May contain control information, address
information, or data

The IEEE specification for DIS defines a large
number of PDU packets

 Standardizes byte format of packets “over the wire”
for interoperability among participating simulations

web



http://en.wikipedia.org/wiki/Protocol_data_unit

DIS PDU types

DIS specification defines 67 PDUs in 12 families

web

Entity information/interaction: Entity State, Collision,
Collision-Elastic, Entity State Update, Attribute

Warfare: Fire, Detonation, Directed Energy Fire, Entity
Damage Status

Radio communications: Transmitter, Signal, Receiver,
Intercom Signal, Intercom Control

Simulation management: Start/Resume, Stop/Freeze,
Acknowledge

etc.


http://en.wikipedia.org/wiki/Distributed_Interactive_Simulation#Protocol_data_units_.5B3.5D

web

Virtues of DIS

DIS is a binary protocol; the exact layout of PDUs in
binary format is specified, along with byte order

Many standardized enumeration values. For
example, the value "1” in the Entity Type field of a
PDU specifies that the PDU is an Entity State PDU.

Other fields and enumerated values can define
what type of entity is being described, such as an
M1A2 tank, an Arleigh Burke class destroyer, etc.

DIS standard describes functional algorithms for
handling PDUs, dead reckoning, and more.

Thus both syntax and semantics for interoperability

Si;e well defined. | XSD
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Network communications

Two transport capabilities:
» Multicast (many-to-many on LAN) socket
 Unicast (point-to-point) socket

Entities and ownership

 Entity corresponds to some high-level vehicle that
has control over its own motion

* Owners send packets, others listen for packets
« Multiple owners for one entity usually nonsensical

Thus non-symmetric configuration of readers
and writers in each participants scene graph
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DIS Enumerations

e SISO-REF-010-00-2013: DIS Enumerations

e This document specifies the numerical
values and associated definitions for those
Distributed Interactive Simulation (DIS)
Protocol Data Units (PDUs) fields that are
identified as enumerations in IEEE 1278.1-
1995 and IEEE 1278.1A-1998. Compliance
with this document is mandatory for
participation in a DIS exercise.

e 487 pages (!), steady evolution continues
web|3D )<3D
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https://savage.nps.edu/Savage/developers.html#DIS
https://savage.nps.edu/Savage/developers.html#DIS
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SIMNET and DIS

IEEE, SISO and HLA
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SIMNET

o SIMNET was a wide area network with
vehicle simulators and displays for real-time
distributed combat simulation: tanks,
helicopters and airplanes in a virtual
battlefield. SIMNET was developed for and
used by the United States military. SIMNET
development began in the mid-1980s, was
fielded starting in 1987, and was used for
training until successor programs came
online well into the 1990s.

e http://en.wikipedia.org/wiki/SIMNET |
web|3D )<3D
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http://en.wikipedia.org/wiki/SIMNET
http://en.wikipedia.org/wiki/SIMNET

DIS definition from Wikipedia

Distributed Interactive Simulation (DIS) is an
open standard for conducting real-time
platform-level wargaming across multiple host
computers and is used worldwide, especially
by military organizations but also by other
agencies such as those involved in space
exploration and medicine.

http://en.wikipedia.org/wiki/Distributed_Interactive_Simulation

web



http://en.wikipedia.org/wiki/Distributed_Interactive_Simulation
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DIS History 1

» The standard was developed over a series of "DIS
Workshops" at the Interactive Networked
Simulation for Training symposium, held by the
University of Central Florida (UCF) Institute for
Simulation and Training (IST). The standard itself is
very closely patterned after the original SIMNET
distributed interactive simulation protocol,
developed by Bolt, Beranek and Newman (BBN) for
Defense Advanced Research Project Agency
(DARPA) in the early through late 1980s. BBN
introduced the concept of dead reckoning to

efficiently transmit the state of battle field entities
web|3D ﬁ )<3D
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DIS History 2

* In the early 1990s, IST was contracted by the
United States Defense Advanced Research Project
Agency to undertake research in support of the US
Army Simulator Network (SimNet) program.
Funding and research interest for DIS standards
development decreased following the proposal and
promulgation of its successor, the High Level
Architecture (simulation) in 1996. HLA was
produced by the merger of the DIS protocol with
the Aggregate Level Simulation Protocol (ALSP)
designed by MITRE.
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DIS History 3

* There was a NATO standardisation agreement
(STANAG 4482, Standardised Information
Technology Protocols for Distributed Interactive
Simulation (DIS), adopted in 1995) on DIS for
modelling and simulation interoperability. This was
retired in favour of HLA in 1998 and officially
cancelled in 2010 by the NATO Standardisation
Agency (NSA).

 Not clear why cancelled since DIS # HLA...

» Credit: DIS site, history maintained by DIS PDG
http://en.wikipedia.org/wiki/Distributed_Interactive_Simulation
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Simulation Interoperability
Standards Organization (SISO)

International organization with broad agenda.
 “Simulation Interoperability & Reuse through Standards”

SISO (http://www.sisostds.org) iS recognized as
* NATO Standards Development Organization (SDO)
» IEEE Standards Sponsor
 Category C Liaison Organization, ISO/IEC (JTC 1)

SISO maintains and develops the DIS standard via
working-group efforts and meetings, especially at
Simulation Interoperability Workshop (SIW) series

in Orlando FL and Europe annually
web|3D )<3D
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http://www.sisostds.org/
http://www.sisostds.org/

SISO Vision

SISO will serve the global community of modeling
and simulation professionals, providing an open
forum for the collegial exchange of ideas, the
examination and advancement of M&S-related
technologies and practices, and the development of
standards and other products that enable greater
M&S capability, interoperability, credibility, reuse,
and cost-effectiveness.

« Reference: SISO-ADM-004-2010, available via
http://www.sisostds.org/AboutSISO/Overview.aspx
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http://www.sisostds.org/DigitalLibrary.aspx?Command=Core_Download&EntryId=30767
http://www.sisostds.org/AboutSISO/Overview.aspx
http://www.sisostds.org/DigitalLibrary.aspx?Command=Core_Download&EntryId=30767
http://www.sisostds.org/AboutSISO/Overview.aspx

DIS Product Development Group (PDG)

The SISO Standards Activity Committee (SAC)
has a DIS Product Development Group (PDG)
which updated the core DIS standard, 127/8.1,
and reintegrated content of 1278.1a, to form
approved update standard 1278.1-2012.

DIS standards can be purchased from IEEE
(often available free to members, universities)
and also available online to SISO members.
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http://www.sisostds.org/productspublications/standards/ieeestandards.aspx
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IEEE Standards Maintained by SISO

« TEEE 1278.1-2012 - IEEE Standard for Distributed
Interactive Simulation - Application Protocols

 TEEE 1278.2 - IEEE Standard for Distributed Interactive
Simulation - Communication Services and Profiles

« TEEE 1278.3 - IEEE Standard for Distributed Interactive
Simulation Exercise Management & Feedback (EMF) -
Recommended Practice

 IEEE 1278.4 - IEEE Standard for Distributed Interactive
Simulation - Verification Validation & Accreditation

http://www.sisostds.org/ProductsPublications/Standards/IEEEStandards.aspx
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Getting copies of DIS standards

IEEE DIS standard documents are

e Available to SISO members without charge

e Available to IEEE members

e Often available to universities via site license
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DIS and High Level Architecture (HLA)

DIS protocol defines both wire format and
semantics for consistent shared state

 Stateless, entities can join/leave any time
 Interoperability for all compliant implementations

HLA Run-Time Interface (RTI) is for codebases
that implement HLA design principles

* Object model principles, no wire format, though
DIS packets might be passed internally (RPR-FOM)

 Entities must be predeclared prior to start
* No interoperability guarantee for implementations
* Not an interoperability standard, usually proprietary



X3D specification: DIS component

X3D specification is componentized for
extensibility, DIS Component is one of many:

* http://www.web3d.org/standards

» Part 1: Architecture and base components

 Part 28 Distributed interactive simulation component

Provides satisfactory support for primary DIS
nodes used in distributed virtual environments

XD
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X3D specification: DIS support

DIS component includes following X3D nodes:
« EspduTransform

» ReceiverPdu, SignalPdu, TransmitterPdu

« DISEntityManager, DISEntity TypeMapping

DIS PDU message types
 Collision, Detonate, Entity State, Fire

* (functionality bundled together in EspduTransform)
» Receiver, Signal, and Transmitter

* Numerous other DIS PDUs defined by DIS protocol,
but corresponding X3D mappings are not defined.
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History: DIS-Java-VRML

Shared state via distributed simulation has
always been a goal of X3D practitioners

The core design and implementation efforts for
X3D DIS networking were first performed
by DIS-Java-VRML working group

* Virtual Reality Modeling Language (VRML97)
standard is direct predecessor to X3D

This design has been carefully evolved over
time to match practical experience gained

by producing ever-larger X3D scenes
web|3D )<3D
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DIS-Java-VRML home page

http://faculty.nps.edu/brutzman/vrtp/dis-java-vrmi

Distributed Interactive Simulation
DIS-Java-VRML Working Group

dufy mow for fhe future

Contents

+ Softwire Dovanload s fo stallataon,

# Progect Overview & Sponwoms =

Chiart
: 11;..1# Lista & Hy LA rchiv = Software Reference
- 3 » Annotaied Beferences
* Mestings o Multicast Back ::n ) Tesi
» Waonk List P o R 4
Frequently Auked Ches tions (FA Ch) g .
: lnll.'l.l-: en 1-. = Thy I!m:fl [ (8] « Code Bmchmurﬁﬂg o Prcfoatrmiv s
» Contributing Code
Project Overview
The area of interest of this working group is the nems of DIS, Java and VEML. The IEEE Diztgbuted Intemetoce Spmulation (DIS) Proteco] is used to commminicat ¢ state information (such
VRML Bs position, orientation, velocities and sccelerations) among maltiple entities participating in a shered network environment, jova is a portable networked progmmming language that can
3 D d :l nteroperate on oy congaoler that meh des 8 Web browser, The Virdual Beakly Modebng Lmguage VEML) enables platiomn mdependen) miteractive theee chimenssonal (30 graphes
modace actos s the hilemet, and can be nsed to compose sophisheated 3D virtual envoonments
— The Dis-Tava-VEML Working Group i3 developing afree software library, wiitten in Java end interoperable with both DIS and VEML. There are & mumber of people contributing to the
I public -demain code archive. This project began in cady 1997 and remiagns active. This software is protected under the terms of the GNL Ceneml Public Licens ¢
Javi

Tra the past, virtnal world appheations wsing DIS were deployed on sqensive hardware and with costom software moplemeniatons. NFSNET was the first mulivcast IS ecemple of a
largé-scale virtual wordd T8 many such tyvatems, WNPENET ic written in C4F and neee the Performer applic aticn programming inteface (A Pl libraries an Silicon Graphics Ine (SGT)
graphics workstaticos, in order to create a sophisticated and capable distabuted svstem.

computation

—

— The Intémational Standards Organization (150)-approved VEML 57 specification inchides the rules for incorporating Java mnside a VRML scene. This preseats interesting pos sibilities for

o ' implementing virmal worlds on both high<cost and low-cost hardware in a portable way. Rether than be constrained vo specific hardware, a DI%-compatible virmal world might potentially
In‘[‘em et beviewed on any computer with a network connection and a web browser, The construction of large physics-based viral worlds cen now become inexpensive, pervasive and scalable,

o ! Z “ 2d . oy & ¥ us e 1.: L - L =
GD]'II'IGC-IWH}’ D%, Java and VEML can provide all of the pertinent ¢ apabilities needed to implement larg ¢-s cale virmnal environments (L5VEs ), DS is essentialy a behavior protocol tuned for

* * physecs -based (1 e "real wanld™ ) mam v to -man v mbeactons Tavaos the programmmg language vsed toroplement the DIS grotocal, perfonn math cdlcolations, commumente with the

network and cormmmnwate wath the VEML scene VEML 3D graphics are nsed to model and tender both local and rvemote entttes in shaed vatual werlds


http://faculty.nps.edu/brutzman/vrtp/dis-java-vrml
http://faculty.nps.edu/brutzman/vrtp/dis-java-vrml

DIS-Java-VRML codebase

Availability
 dis-java-vrml.tar.gz or dis-java-vrml.zip
 Last build 2003

Provides perhaps-useful example code,
remains well documented



DIS-Java-VRML: Javadoc

All Classes

Packages
demo.auv
demo.helicopter
mil.navy.nps.awt
mil_ navy nps bridge
mil.navy nps dis

mil.navy. nps. disEnumerations
mil.navy. nps_eailDemoAUY

mil.navy. nps_eailDemoBoids
mil.navy.nps.logaer

i i i e

~

m

EFEYET Package Class Tree Deprecated Index Help

PREV NEXT FRAMES NO FRAMES
DIS-Java-VRML Javadoc

Packages

demo.auv NPS Phoenix Autonomous Underwater Vehicle (AUV) demonstration scenes and applications.

demo.helicopter

Multiplayer helicopter-tank batile demonstration, including a Caprure the Flag game.

All Classes
AcknowledgeFlagField
AcknowledgePdu

Action

ActionlDField
ActionRequestPdu
ActionResponsePdu

Agent
AgentHeloActionlinterpreter
AgentHeloControlPanel
AgentTankActioninterpreter

AgentTankControlPane|
AllPermissions8adge
Angularvelocity

Antenna
Antennadctioninterpreter
AntennaControlPanel
AntennaControlPanel_printBud
AntennaControlPanel_receive
AntennaControlPanel_signalP.
AntennaControlPanel_transmi

mil.navv.ops.awt

Protocol Data Unit (PDU) reader & writer applets, implemented using the Java Abstract Window
Toolkit (AWT), that are useful for inspecting or setting the valies of PDU fields.

mil.navv.nps.bridoe

Includes several programs that enable multicast PDU streams to be redirected via unicast sockets.

mil.navy.nps.dis

Distributed Interactive Simulation (DIS) Protocol implementation, for standalone operation or
integration with VEML scenes and entities.

mil.navv.nps.disEnomerations

An extensive class ibrary providing predefined enumeration values, which are the special constants used

to fill DIS protocol data unit (PDU) fields.

mil.navv.nps.eaillemo AUV

A still-broken demo for the still-unstandardized External Authoring Interface (EAT).

mil.navv.nps.eaillemoBoids

A still-broken demo for the still-unstandardized External Authoring Interface (EAT).

mil.navv.nps.logger

Protocol Data Unit (PDU) logger applets for recording and playing back PDUs.

mil.navv.nps.math

Contains several nseful math-related classes.

mil.navv.nps.relate

The Relate agent relationship manager integrates Goals, Personalities, Relationships, Roles, Rules,
SensedEnvironment and Sensor.

mil.navv.nps.testing

AntennaPattern Typefield
AntennaStartPanel
AriculationParameter
ArticulationParameterTest
AuvPduGenerator
AwtEspduSender
AwiEspduSenderFrame
AwitMulticastRelayClient

Awthulttic actRelavClientFrame ™

‘| n | ¥

A variety of test programs.

mil.navy.nps.util

This utilities package is a class library that provides several useful extensions to Java which are of
general use (and not specific to the DIS package).

org.web3d.vrip.net

This networking package includes DatagramStreamBuffer, which, when interacting with the security
package, provides platform-independent security to applications.

org.web3d.vrip.secarity

The security package implements a way to do platform-independent code that breaks out of the Java
sandbox to perform filesystem access, network access, or Java properties database access.
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Open-DIS motivation, design

Open-source implementation of DIS protocol
 Primary architect Don McGregor NPS
* Non-viral business-friendly BSD license

 Version control available on SourceForge repository
http://open-dis.sourceforge.net/Open-DIS.html

 Contributions welcome
Multiple program languages
« Java, C++, C#, Objective C, Javascript

» Generated from object representation, thus
adaptable for adding new PDU types

« Some semi-manual tuning is required .
web|3D )<3D -
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http://open-dis.sourceforge.net/Open-DIS.html
http://open-dis.sourceforge.net/Open-DIS.html

iPhone Simulator

Open-DIS
on Mac

Objective C version
of Open-DIS able to
run on iPhone, iPad

Screen snapshot
shows PDU tracks
superimposed on
Google Maps using
iPhone Simulator

3D
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Open-DIS repository

Open-DIS DIS Documentation Downloads Collaboration Users

Examples Community Developers Propaganda MOVES

Open-DIS

« Sourceforge Project Page
= Downloads
= Subversion Source Code Control

//open-dis.sourceforge.net/Open-DIS.html

http

Open-DIS: An Open Source
Implementation of the Distributed
Interactive Simulation Protocol

DIS is one of the most widely used protocols in
Department of Defense, NATO, and allied nations real
time/virtual warld modeling and simulation. Open-DIS is a
free, open source implementation of the standard in Java,
C++, and C# The project uses a BSD-style open source
license, which is non-viral and business-friendly.


http://open-dis.sourceforge.net/Open-DIS.html
http://open-dis.sourceforge.net/Open-DIS.html
http://open-dis.sourceforge.net/Open-DIS.html
http://open-dis.sourceforge.net/Open-DIS.html

-

All Classes

e

Packages
edunps.moves.deadre
edunps.moves.deadre
edunps.moves.dis
edu.nps.moves. disutil
edunps.moves.exampl _

Open-DIS Javadoc

http://open-dis.sourceforge.net/javadoc/open-dis/docs/index.html

I Package Class Tree Deprecated Index Help

FREV NEXT ERAMES HNO FRAMES

Packages

edunps.moves.deadreckoning

edu.nps.moves.deadreckoning.utils

edu.nps.moves.dis

All Classes |
AcknowledgePdu |
AcknowledgeReliableP
AcousticBeamData
AcousticBeamF undam
AcousticEmitter
AcousticEmitterSysternr
AcousticEmitterSysterr
ActionReguestPdu
ActionReguestReliable
ActionResponsePdu
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Aagregatel D
AqgaregateMarking
AggregateStatePdu
AgagregateType
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Antennal ocation
ApaData
ArealObjectStatePdu
ArficulationParameter
BeamfntennaPattern -

a

edu.nps.moves.disatil

edu.nps.moves.exam ples

edu.nps.moves.logger

edu.nps.moves.math

Contains several useful math-related classes.
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Enum Summary

AshnonledeeElag

Enumeration valaes for Ackpowl edgeFlag The enumeration values are generated from the S50 DIS XML EBY document (R35), which was oltained
from h!!y."-vrlmﬁtm:.u'msl:h.u:;"&‘:fﬂl uﬂ?tﬂm-—] Odefd=31

Acom sti cEm itters

Entmeraiion valnes for AcovsicEmitters The enumeraiion vahses are Wrurdfmm the SSODIS XML EBV document (R15), which was obiained
from hitp. /'@ scossions. sisostds or g'defloll aspTaction=10%&14=31

ich 5

Enwumneration valaes for AcousticS stem™ame The enmmeration valees sre prnerated from the S50 D15 XML EBV document (R35), which was
obtsned from hrep idiscned on e siuos de org'defanit asp Taction=] Oefd=3 1

dtion I

Emmmeration valoes fon ActionlD T he enumeration valuss are penevaled from the S50 D15 XML EBY docmnent (F35), which was obt sined from
hrlp fdizcussions ssostds mg_‘rl.-f.l.ﬂ .q:"-‘xtim:}&&l’d:? 1

et ve Emissios Parameterlndes

Enumeration valoes for ActiveEmistdonParameterlndex The enumemsion valves are prnerated from the S50 IS ML ERY docom ent {Rﬁi}_ which
wan obtained fiom htep Vdsemssons sisostdsorg'defanl L as Taction=1 08 fd=3 1

AdditionalPassivedctivity

Enmmeration valoes for Addiional Pasivedctivity T he emmmeration valoes are genered from the 5150 D15 XML EBY docoment (B35}, which vas
ohtsmed from hirp ! idscusd on s stsonds orp'defolt_op Yacnion =1 & fd=3 |

Emmmeration valoes for AggregateXind The enmmeration values are generated from the 950 DIS XML EBY document (R35), which was obtsned from

hl:l'p feiscnssions dsostds qlrg.d-fﬂ m*actlm—!ﬂn&[ﬁ I
g Enumneration valoes for AggregateState The smmneration values are generated from the S50 DIS XML EBY document (R35), which was obt ain ed from
hrepe idiscnsions sisostds org'defmalt mepaction=]108fd=3 1
" I Enumeration valoes for Aircraft The emumerntion valmes are peneratedfrom the S50 DIS XML EBV docum et (R35), which was ot ainedfrom
weral

htepidiscussions sisostds orgdefall sspTaction=108:0d=31

Antennafattern Type

Enumeration valoes for AntenpaPaiten T yvpe The enumernticn values are generated from the S50 DS XML EBV document (B35}, which was
obvaned from hrrp.'dscusd on s s ds org ' defimaly awp Taction=10041d=3 1

Enumneration valoes for Asticulat e et slndes umber The enmneration valoes ave genersl ed from the 5150 D15 XML EBY document (F35), which wa
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R Enumeration vahaes for AttachedParts Thie enameragion vales are generated from the S50 DIS XML EBV docoment (R35), which was abtained from
AL Arks

hietp:fidiscussions. ssostds arE el .mq:!."'nl:ﬁmé] Odfd=31

AuxiliarsyC raft

Enmmention valoes for Awiliary Craft The enumeration values are generated from the 550 D15 XML EBV docoment (R15), which was obtained from
hiepfdiscussions sisostds org'defmdt ap? et on =1 080 d=3 |

Enumeration vahoes for BesmFonction The enumeration valos: ore generated from the 550 D15 XML EBVY document (R35), which was obtamed from

Boam Fonction htep-/idiscussions sisostdk org'defanly aspactica=10dcfd=3 |
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Enmmeration valnes for E}tr—ﬂ G 10 12 The enumeration vahues are Wrurdfmm the S50 DTS XML EBV document (R153, which was obiained
Bstes® 9 10 12 Tt

from hitp: /'@ scosstons. sisosteh. or g deflalt aspTaction=1051d=31

O ISW eaponsFoerLife Forms

Enumeration valoes for CI5W eapon Forl feForms The enumenation values are generatedfrom the S50 DIS XML EBY document (R15), which was
obianed from hrtp:/dscuid on £ o d org/defolt asg Taction =1 080393 1
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Concepts: DIS for X3D

Common fields for X3D nodes
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Double precision requirements

Geospatial latitude, longitude position values
require double precision accuracy

« Otherwise single-precision roundoff jitter equates to
3-10m of positional error

Graphics cards only support single precision
* Single precision 32 bit, double precision 64 bit

X3D Geospatial component reconciles this
mismatch correctly and efficiently
Open-DIS uses double-precision satisfactorily

 However not yet integrated properly into X3D
e Use X-Y-Z local coordinate system instead



rgb xyz

Coordinate systems

Right hand rule for X Y Z order Up

Y axis is up

gast North

Correspondence: East, Up, South

Accept no substitutes!
 or at least realign them ©


http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesNSEW.x3d
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxes.x3d
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesInlineExample.x3d

Spatial reference frames

X3D is based on a right-handed Cartesion X,y,z
coordinate system

e centered at arbitrary (0,0,0)

Geospatial data can be captured in a large
variety of earth-oriented coordinate sytems

o It is important to keep these different
coordinate systems straight, or else objects
do not appear where they are expected

o Related to ellipsoid for actual Earth shape

3D X350

web




Common fields: /isActive, timestamp

* jsActive indicates if node has received
a DIS packet (/sActive true) or not
(/sActive false)

* timestamp field provides the time
(SFTime) at which the DIS message
arrived, referenced to local system
time.

web




Common field: networkMode

networkMode has 3 distinct possible values:

* networkReader: Ssender/owner writing updates,
* networkWriter: receiver/ghost reading updates,
* standAlone: independently from the network

Thus networkMode provides a way for an X3D
scene to indicate whether a particular node is
the owner or listener for a given entity.

* networkMode="'standAlone' allows passive

operation without opening network communica\%xs

3D M)

CONSORTIUM
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Common fields: network address, port

Typical transport mode is multicast, with
specific address chosen by exercise

 Restricted to range 224.0.0.0 thru 239.255.255.255

Unicast address (or 1ocalhost value) allowed
 opens direct point-to-point socket

Similarly choose port value

 Restricted to range 1 thru 65535

Other networking fields:

o multicastRelayHost, multicastRelayPort,

rtpHeaderExpected, rtpHeaderHeard
3D X3D

CONSORTIUM

web




Common fields for reading, writing

IsReader, isWriter, isStandAlone

* Boolean output events that can be ROUTEd within a
scene to indicate whenever networkMode changes

readlnterval

* time in seconds between checking for receipt of
DIS messages, intermediate PDUs are buffered

* Set to zero to disable reading

writelnterval
* time in seconds between PDU transmissions

 Set to zero to disable writing
web[3D X3D
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Common fields for entity identification

Goal: build unique identifiers for each entity
 sitelD identifies a given LAN or organization
 applicationID is unique for a given simulation
* entityID is unique to a given entity

* Background: siteID and applicationID fields are
used to create DIS PDU Simulation Address record

Thus entity identification depends on a triplet
of values, unique across all entities in that

application and in the particular exercise.
web|3D )<3D
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Common field: metadata

Each node can also contain Metadata nodes
e This is consistent throughout all X3D

Metadata nodes allow authors to add pairs of
names and typed values to describe content

e Possible option for annotating, augmenting
content in a valid machine-readable way

e MetadataSet, MetadataString, MetadataFloat,
MetadataDouble, Metadatalnteger, MetadataBoolean

Unlike comments, metadata value arrays are all

available at run time
web|3D )<3D
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http://www.web3d.org/x3d/specifications/ISO-IEC-19775-1.2-X3D-AbstractSpecification/Part01/components/core.html
http://x3dgraphics.com/chapters/Chapter15-MetadataInformation.html
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X3D Nodes and Examples
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EspduTransform: shared state

Exposes DIS ESPDU values as an extended
form of Transform node, matching semantics
between DIS and X3D scene graph

e Also integrates Collision, Fire and Detonate
PDUs since they are fundamentally integral
to entity motion

e Distributed shared state among players
e Primary workhorse node of interest for DIS
TODO: add, expose example scenes to show

various ROUTE connections for animation
web|3D X3D
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EspduTransform: shared state

Exposes DIS ESPDU values as an extended
form of Transform node, matching semantics
between DIS and X3D scene graph

e Also integrates Collision, Fire and Detonate
PDUs since they are fundamentally integral
to entity motion

e Distributed shared state among players
e Primary workhorse node of interest for DIS
TODO: add, expose example scenes to show

various ROUTE connections for animation
web|3D X3D
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EspduTransform: ID, network pane

containerField

ichilu:lren

ID, network

marking iluml ALV

applicationID i1

enabled siteID 0

networkMode | networkRea... - multicast address 5124.2.181.145

readInterval |0.1 port 62040

writeInterval |1 multicastRelayHost

ripHeaderExpected || multicastRelayPort

[ visualize [ A::::Ept” Discard ||




EspduTransform: transform pane

E Edit EspduTransform

USE (7

DEF --@j ET

containerField

[ |children

ID, network | Transform

translation
rotation

center

scale
scaleQrientation
bboxCenter

bboxSize

Entity, Euentl Physics | Articulation Parameters | Munition 1 | Munition 2

0 0
0 EE! 0
0 0
1 11
0 [ {1 0
0 o
1 -

| normalize rotation and scaleCrientation values |

[] visualize | Accept || Discard ||

Help |




EspduTransform: entity, event pane

containerField
[ ir:hil-:lren

ID, network Physics | Articulation Parameters

entityDomain | OTHER -

entityCountry IEITHER

entityCategory :D eventApplicationID : 1

entitySubCategory E_U eventumber EI:I

entitySpedific |0 eventEntityID |0

entityExtra ;_n eventSitelD |0

["|visualize | Accept || Discard || Help |




EspduTransform: physics pane

[ edit EspduTransform

containerField

[F] | children

ID, nebwork Entity, event Articulation Parameters | Munition 1

collisionType :EI

deadReckoning Il:l

linearVelocity in

linearfcceleration ED

[ Visuslize | Accept || Discard || Help |




EspduTransform: articulation parameters

containerField

USE &) | [F] |children

ID, network | Transform | Entity, event | Physics | Articulation Parameters | Munition 1

Parameter # Designator Change ID attached part Type Parameter

0 | | | | |

[|visuslize | Accept || Discard |[ Hep |




EspduTransform: munitionl pane

DEF @ |ET containerField
: e
USE () | = | M |children

ID, network | Transform | Entity, event ics | Articulation Parameters | Munition 1

munitionApplicationID | 1| munitionEntityID |0

munitionQuantity |0 | munitionSiteID |0

munitionStartPaint |0 | | o

munitionEndPaint |0 | o

detonationResult |0

detonationLocation il:l

detonationRelativeLlocation E_I:I

warhead :U




EspduTransform: munition2 pane

DEF @ ;I:—I' 1 containerField

USE &) | o] M é':i'uiIu:lren

Transform | Entity, event Articulation Parameters | Munition 1| Munition 2

forceID
fired1
fired2
fireMissionIndex
firingRange
firingRate

Fuse?

] Visualize [ Accept J| Discard || Help |




EspduTransform

EspduTransform is a networked Transform node that can contain most nodes. EspduTransform
integrates functionality for the following DIS PDUs: EntityStatePdu CollisionPdu DetonatePdu FirePdu
CreateEnfity RemoveEntity.

Hint: insert a Shape node before adding geometry or Appearance.

[DEF ID #IMPLIED]
DEF defines a unique ID name for this node, referencable by other nodes.
Hint: descriptive DEF names improve clarity and help document a model.

[USE IDREF #IMPLIED]

USE means reuse an already DEF-ed node 1D, ignoring _all other attributes and children.
Hint: USEing other geometry (instead of duplicating nodes) can improve performance.
Warning: do NOT include DEF (or any other attribute values) when using a USE attribute!

[enabled accessTyvpe mputOutput, type SFBool (true/false) "true']
Enables/disables the sensor node.

[marking accessType inpatQutput, type SFString CDATA #INMPLIED]
Maximum of 11 characters for simple entity label.

[siteID accessTvpe inputOutput, tvpe SFInt32 CDATA "0"]
simulation/exercise sitelD) of the participating LAN or organization.

[applicationID accessType inputQutput, type SFInt32 CDATA "1"]

simulation’exercise application]D is unique for application at that site.

entitylD

[entitvID accessTvpe mputOutput, tvpe SFInt32 CDATA "0"]
simulation/exercise entitvI[) is unique 1D for entity within that application.

forcelD

forcell) accessTvpe inputQutput, tvpe SFInt32 CDATA "0"]

entityKind

entitvKind accessTyvpe inputOutput, tvpe SFInt32 CDATA "0"]

entityDomain

entitvDomain accessType inputQutput. type SFInt32 CDATA "0"]

entityCountry

entityCategory

entitvCategory accessTvpe inputOutput, tvpe SFInt32 CDATA "0"]

entitySubCategory

entitvSubCategory accessTyvpe inputOutput, tvpe SFInt32 CDATA "0"]

entity Specific

[
[
[
[entityCountry accessType inputOutput, type SFInt32 CDATA "0"]
[
[
[

entitvSpecific accessType inputQutput. type SFInt32 CDATA "0"]
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ReceiverPdu

o ReceiverPdu transmits state of radio frequency
(RF) receivers modeled in the simulation.

e Exposes fields for ReceiverPdu node

|

R SRR

BEE @ | containerField |h BEE @ | containerField
USE (= [ |chiiiren ' use & | ] |childlren
PDL commaon Im lm ReceiverPdu
address | |DI'_E.i.f-'|DSt enabled receivedPower (0 | receiver State |0
applicationiD |1 . entityD |0 transmitter ApplicationID | 1 | transmitterEntityID |0
multicastRelayHost | | mulicastRelayPort [0 transmitterRadiolD |0 | transmitterSiteID |0
networkMode _smnd;!;.]ﬁne 'v_: port III
radioID |0 ' readInterval IZIl
rpHeaderExpected [ sitelD |:|
whichGeometry :}_ writeInterval 1
bboxCenter D [ U 0
bboxSize ;—_1_ [ —l 53

7] Visualize [ Accept ][ Discard ][ Help ]

7] Visualize [ Accept ][ Discard ][ Help




RecelverPdu

HI.'.II'|-|I| du i 3 geiwerked FDL informesicea nods

e

i|I'|-FE ID #IMFLIED]
IDEF defries a wmegue (D) name Tor the eode eefeencable By ol '|:d"'-
|" 2 deeerpane DEF nemes ergeone clety and el documnent 8 me

|1 SE IDREF sIMPLIE ¥}

LAE means rouic ma abready DEk -od noede [T}, gmormg o other afrdadei i chlifo
N X

UiEng other gecmetry (msead of displcating soadea com mrgwonve parfonmancs

da NOF] slads DIl o v ey affrdnils vakari ) Wi ai _..h a i 5k asdnis

|1. mahled Il:-|:+1-'l-"-p-r inpatOwrtpat, type SFBood {trusifalsep “orue™)
|||r|'I | k IJ-I'--I-'.- ignik -.|||.'|.|r

i|'|'. kic hl..-.:-:lar-rn aceest Dype inpeiCuipet, npe SFIne! CDATA "17]

""'-E' ot gecanelry 10 rendsr - B0 60 plometry, O 560 B85 racs :""l dafanlt focimets

bz rmier
IIﬂl-l::|“'h||:r

|

akirldl

s maels

||b-'h-|.|1.|; pafer accein [ vpe smiaheellaly, tvps S5y e CI0A r L0007

I'.'-.I'."-\.le CRE TR R PRI '-i'-l.'l T 4T O '.1' i.'lE;-'.l & .'-:-._'h EE TTHEN
|H'l-|.|:|."-|.r:l axeean [vpe llll::.ll. -lﬂ Faly, I-.|1-|l SEY e 20 L[ l.rl. o | 1-17|

iL-.l...-:L. g box size. aomatcally cakoadaed, can be speciied & an ORI AT OF DO R

gl'l-ill.'I]] ety [vpe mnputliupad, type SFIngd2 CDATA ©07)
(ErateyTD) site

ilu:-j:-lr-: abioalD} access I ype inpoiOwipst. type SFlmdd CDATA "1Y)

"'.:l'qﬂb-'ﬁ-rl:l it for appicabin af Bl Ir

frzinil

|-r-||||.'r'- ¥ access Type ||:||.|-||-|I::I"||||,:-||-| iype SF Int22 CDATA 0" |

i-r"' ALY wmacmie 1R} oy ety etk ol syl atate



http://www.web3d.org/x3d/content/X3dTooltips.html#ReceiverPdu

vl | e il

[readleleryal ascesa Typs mpoariiutpat, tvpe 5F Dome CRATA "R17]
‘:-‘-.-:-wl ket i.'-'n.l-e.:-:l q.-:hus '-"_r'.'fl'-i'rCl‘:'ﬂ-.‘Li".E
|n r|h|!ll|-l|:1 .1.| aoceis Divpe mpstDeipat, Bipe '1-['_.|'l:uu lf |].-'|.|.-'|. _l |]' F
‘-c-:-:-u |.‘-e| een wike Lq:-.!.n-:- 0 means po writieg

[nnl."rl l:l:l:"-ln-dv acoein lvpe m-p'nlﬂnlp'nl ‘|'!|Fi||Hl:|-.-'|||'l:I'I|'I:' l-ﬂ'l'lﬂhHHlI’-l:-r lr-lﬂilrl-.'l-'l rit 1-Ind ’I.h.ln-t'"]
Whether thes ruiity o noting e network, sending DIS packets 1o te netarork. or recenmmg DS packets from

the cetworkl. (1) itancdAdonss sgnens ptwark bt sl foigond to cvenls & local iecee. (4 achwarkRcadas: bibc
o petworke and read PO packoets af readinterval. act as remote copy of engity. (1) nerwork Wikker: send PDU
packetl o netwidk & wrdciaberval, Bt & maniar oty Dol valoe "t Aleae ™ enneed thad S actwesk
A tranon witl hie, a4 CPEE A% Dera cfkFeadesr ca Aetw '-:lr..1|1. FReT s ﬂﬁm'-r.d

[u"lull:l.'ill:lil.' ll:-l:tu-l'lp-:' l.Il:III.IH“J:Il:I- .r-m- bl' H-m:ll [rwe 'I'.:hrl I'II'I"LHJ' '_I
™ ||.-'r|=rr r.r-'-.l.'-.-zl."."r-j- ko ol ||;1.'-rr neraerk |.'|L' el rr-.-p-.‘-m‘l b local events)

[|:|"'--:-rrl c-rEHu-ln:-r ui.'u:'.l T -:|-|-'r|:|-||1|.'|'||'|:. BN "!1' il l.rrl-r'hhfl l'll'il"l.l'.J.'ll ""|

J."l."l'l— r.ﬂ! ._._.:I._'l. .:-.!.' . rl—. |:r | '.I|—|' | r|-r| ek i i '1,:-'. |-\! [ =1 rr.'l!l.

[n"'-l.rh'u:-rk'l-'l nbEr acc |'-'|*.'I"l-|'-|:- -'|u-1uu1ﬂ'l-!;'- vpe SFHool (mee{alse) n'FI"'n.l]'.I- s '|
I-'."l-'l'u— |:r'.l. "1|-. ".' '-..'i.' - |—_1'.I|— l-:rql_'l' LT3 n-r' ...'-:I-: .|. manire ey al '.1Jl'.'.ll-|'..1]

|II:|I:|H.-51- Ii.'i.'-li"l-iT'l-'pli' mp-ln'l:!urpll npe ﬁE‘E-rnug 'I:II'.'lu'.[.'lu "l-:l-l:.ln.-l:l.ﬂ |

Sfiskac ailt addiwid, o chic e<alhoat” Examnple 2142 181 145

[port access Type inpwiChatpst, tpe SFlw3: CDATA "8")
Sl it canaple: G0

[multicaniRelayHeat accossType inpuiiDutpat, npe SFSering CDATA #IMPLIED]
Falback derver addreds § mdscait nod Foalable locallc svample devo oo s nass mml

m i o e Ml

[mﬂk;-l.'ll‘|R-l‘-1‘l:| Fort II.'-I'H'H':I P iup-l-l'r.hlpnl e EFle1 CHHATA "I:l"]
F ek verver por f mralicast not avadable bocally exampde=- EOLD

I"'ll'lill-'l i i "

LB TR

[rtpHeaderE cpacted scdesi [yvpe miiahielbaly, trpe SFHool (brielfalie) " Ealie" )
W e l]'p:-' ﬁ.TF‘ Iw-:-::-:-r- Ee |:-|:-|:-.'r.;‘.-= i ,,_-.'r_:. 5 PIHLs
[n H.IpF[:l:d-r-rHrJ:lﬂ :||.'-:-|I-n'|'1 e ||ul||nl[]'u.|'l. B "1|' H-ul-:ll |:I|-rl IJI".II Ui' |"|..| |]

Whether mcoming DS packets have a2 BTF header prepended



http://www.web3d.org/x3d/content/X3dTooltips.html#ReceiverPdu

LALEnE 1Eis ]
.: Lrve e Bl A nebarork upsdalbe. ek

Her sinmp ¢ oailpaiCialy, Bvps 3k Tme CIDATA SFIXEL &7
[5 mEme LA VRN

[radeal} access [vpe mpufDutpal, tvpe SFIatdE CDATA ©07)

i:_ll-l: o1 rdPamwer .1-r|.|l1.'.'|'-.||-|| lupull::|ul||ut. Evpe SFFlaat CDHATA "1.""

{freceiverState access [yvpe mpurDurpar, nvpe SFInesl CDATA 07

presssdoer Applicecienill Hransmitter Application]D accessType imputOwipst, tvpe SFIm2l CDATA "0")

W (ransmitter Enfity LD} access Tvpe mpurCutpat, tvpe SFInt32 CDATA ©07)

T T T N T e S e P Y e T I Ly i Y T e S T el e e r
Fanmit Rl D [irznimitlerBadesalll accen T_l.|||-I wpultluipul, pe CSFIae¥} CDATA =0 I

1
1
s wwi prmn Fald :

feiass CIDATA SINMPLIELY

= A saE - Eanar e et of clnuses



http://www.web3d.org/x3d/content/X3dTooltips.html#ReceiverPdu

SignalPdu

e SignalPdu relays the transmission of voice,
audio or other data modeled in a simulation

e Exposes fields for SignalPdu node

RS LEEES

h BEE @ | containerField |h BEE @ | containerField
USE (7 [ [children | USE | ] |childlren
POU common sjgna].pdu| PO mmml SignalPdu

address _.Iucalh.ns.é enabled data .. B datalength ;.D

applicationID 1 _ entityID |0 encodingScheme U | sampleRate (0

multicastRelayHost i multicastRelayPort |0 samples |0 | tdType [0
netwarkMode s13nd_Al_me - 1 port [0
radioID |0 readInterval |0.1
rtpHeaderExpected [ siteID |0
whichGeometry |1 writeInterval |1
bboxCenter 0 [ l:I D
bboxsize |-1 |[-1 |[-1

7] Visualize [ Accept J [ Discard ] [ Help ] 7] Visualize [ Accept ] [ Discard ] [ Help ]
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TransmitterPdu

e TransmitterPdu provides detailed info about
a radio transmitter modeled in a simulation.

e Exposes fields for TransmitterPdu node
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DISEntityManager

DISEntityManager node notifies content when
new entities arrive or current entities leave

e Identifies multicast address, port as well as
session identification applicationlD, sitelD

e Contains list of DISEntityTypeMapping nodes
which define entity filters, correspondences

for each unlquely defined exercise

II rt DISEntityManager =)
- o | ntainerField I

DisEntityManager contains DISEntityTypeMapping nodes

3D Accept HDi sssss H Help
—

CONSORTIUM
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DISEntity TypeMapping

o Exposes fields for DISEntityTypeMapping

e Provides correspondence between detected
entity identification fields and X3D models

B Insert DISEntityTypeMapping ﬁ
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fclas is m space-separated bt of classes, reserved for mee by XML sivleshersts. class attribate is only supported in

SVl enehdeg off 3310 peensi



http://www.web3d.org/x3d/content/X3dTooltips.html#TextureCoordinateGenerator

back to Table of Contents

Applications and Examples
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Setup: Microsoft loopback adapter

e Unlike Unix, Microsoft Windows does not
have multicast loopback turned on by default

e Special setup thus needed for solitary testing
* Conflicts can emerge when also using Cisco VPN

e Help page provided by AUV Workbench

I'__:ite Edit View Tools Advanced Help

Organize = = 0 @

l: Cisco AnyConnect VPN Client cal Area Con ! h Multicast loopback adapter
™ >

~ _ Connection Et'."‘v rk cable pI gged Unidentified network
&> Disabled Atheros AR8131 PCI-E Gigabit Eth... @7 Microsoft Loopback Adapter

"'-i Wireless Network Connection nection 2
%ﬁ- SpeedLinks24 ; o td

ﬂItIfF‘\'FLRSlUD AGN ft'-.-‘rt al WiFi Miniport A



https://savage.nps.edu/AuvWorkbench/javahelp2/Pages/Networking.html
https://savage.nps.edu/AuvWorkbench/javahelp2/Pages/Networking.html
http://social.technet.microsoft.com/Forums/en/w7itpronetworking/thread/a51525e1-966d-40cb-98b2-c789bbe660d2
http://stackoverflow.com/questions/7162288/does-the-windows-7-loopback-adapter-support-multicast

Network interoperability

e X3D Anchor node functionality matches
HTML anchor element: jump or bookmark

 Planning new capability: refresh/interval, similar to
HTML refresh, to improve server-side interaction

e Support slowly emerging for DIS protocol
« X3D-Edit: PDU player/recorder, PDU generators

* Open source OpenDIS codebase Java, C++, C#,
Objective C (for iPhone) and JavaScript

 Integration with Sun's Darkstar massive multiplayer
online game (MMOG) Java server — NPS thesis

» Active work: JavaScript, Websockets, HTML5
web|3D oD,
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http://www.web3d.org/membership/login/memberwiki/index.php/X3D_v3.3_Specification_Changes#X3DUrlObject_abstract_interface:_refresh_for_scene_reload

DIS Networking Test Panel

(ks Py ocarast Winoow: x|
Bldrel- QxS

| ressehimmronDagnosezss |
B ee% 99 00 w9 D

158 version =10 encoding="UTF-8"
B PyBLIC so;mehm;mn %30 3...

L Viewpoint pe
43 Background ky
& 42 EspduTransform p
&l 4 Shape
&% Box size="1 4 &
1= 4F Appearance
QMatamr diffuseColor="0
B € Transform szal
i Taline .

", addr..

<Fxml version="1,0" encoding="UTF-E"2>
<VDOCTYPE X3D PUBLIC "IS0//Web3D//DTD X3D 3.2//EN" "neop://wuw.web3d.org/specifications/x3d-3.2.dcd">

fﬂ <X3D profila='Immavaips’ versism='3. 27 xmlns:esd='Neep://wwWw. w3, 020/2001/ 00 Schama-tnatanes’ yad:noNameapasaSehanal

-]  <heads
<component level='l' name='DIS'/>

<Background skyColor='0.5 0.6 0.8'/>
r <Espdulrensform a3dress="230,.1.2,3" applicaniconiP='l' enuityil='2" marking='Testlox’
networkModes* natworkReader' port='62040" sitelD='0'>

<Inline url='",./course/Coordinatefixes.x3d"”
| "hoep:/ fwww.web3d.org/x3d/content/examples/Gasic/course/Coordinateixas, x3d" ' />
F </Tranaform:
F </Scene>
o </X3D>

Distributed Interactive Simulation (DIS)
Entity State Protocol Data Unit (ESPDU)
Test Panel

Translation along x-axis by -20m, to left
Rotation about y-axis by +20° counter-clockwise

Cheta coptente'BoxTestEspduTzansorm. x3d" oames'ticle’/>
mEta =='Den Brutiman, Don MeGregor' namew'ocreator'/>
“mete ='Ll Januazry 2007' pame='czeated'/>
meta =13 November 2002* name='modified’/>
<meta cent='Lepnard Daly and Don Brutzman' cames='creator'/>
<meta ="} sinple EspduTranaform tesat to move a Box.! Same='déscripticn'/>
<meTa =thoop://www.web3d.org/x3d/convent/exanples/Basic/DissributedinteraceiveSimulacion/BoxTeacEapdul
<meca cootent='X3D=-Edic 3.2, htcps://savage.nps.edu/X3D-Edit' mame='generator'/>
<mata contencet, /.. flicense html' name='license!/>
 </head>

] <Scenex

LVisupoine dmssry anstEapdulransform moves Box' pasitismsio 0 25%/3

E <Shaper
<Box 2iz=="3 § &'/»
=1 <Appearance>
<Material daiffuseColor='0.748014 0.62085 0' shininssaw'(, 03" speculasColox='0,BE0606 0.B80606 0.860599" /)

2 </Appearance>

r </ Shape>

B </EapduTransform>

L] <Transform scale='5 § 5'»

mEpy

N.
90:
1.00]
50 100,
3609
3600
IS Settings
| address [239 123 | s_u-h___El

tszmo ] WD_D

% X30 Metadata and Structure
& Grouping

# Viewing and avigation

¥ Appearance, Material and Textures

4 Geometry: Triangles and Quadrilaterals
 Prototypes _
mwwmoeshn(m)

| DISEntiyTypeMapping
:wm

0. Transobaiedi




X3D DIS Implementations  More

work
X3DOM: work in progress needed!

Xj3D: open source Java

* www.xj3D.org

* Embedded in (and launchable by) X3D-Edit
Other players to follow?

» BS Contact, InstantReality, FreeWrl, OpenVRML

Feature comparison available:

* Player support for X3D components wiki

3D
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http://www.xj3D.org/
http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components
http://www.xj3D.org/
http://www.web3d.org/x3d/wiki/index.php/Player_support_for_X3D_components

Obtaining example scenes

Primary: X3D Basic archives,
DistributedInteractiveSimulation directory

 http://www.web3d.org/x3d/content/examples/Basic/
DistributedInteractiveSimulation

 Under version control at Sourceforge

Also some in X3D Savage archives, located in
various directories (such as Scenarios)

* https://savage.nps.edu/Savage

* Maintained under version control at NPS
web|3D )<3D -
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http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation
http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation
https://savage.nps.edu/Savage
http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation
http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation
https://savage.nps.edu/Savage
https://savagedefense.nps.navy.mil/SavageDefense

Test shape: TestCube.x3d

Simple shape with labeled ImageTexture images on each side, no DIS included

| - Y eH | v¥ P
2l =RUTF-8"2% -
2 <IDOCTYPE X3D PUBLIC "IESC/ /W v -
% SE <X3D profile='T
[ 4= <head>
5 <meta
& <meta
it <meta
g1 <meta =
9 <meta
10 <meta
251 <meta
12 <meta
13| <meta
14 - </head>
15~ <Scenex 1
16! <Background skyColor='0.05 0.05% 0.1"/>
17 <Group>
18 <Viewpoint description='F ' orientation=" 1 1.57' pogition="8 i
19| <Shape DEF='Fron
20= <IndexedFaceSet coordIndex='0 1 2 3' texCoordIndex='0 1 2 3'>»
21 <Coordinate DEF='Fo i
22 <TextureCoordinate I
23| F < /IndexedFaceSet>
24 1 <Appearancel
25 <ImageTexture url='"
26 <TextureIransform DEF
27| </hppearance>
281 - </ Shape>
29 <Viewpoint description="* iew" orientation="0:' 1 0 —-1.57"' pogition—"-8 D S
30 [
40 Left wview' orientation= I 1416"' position— i G
41 |
21 <Viewpoint desc iew' ‘pogsiticn="0 0 &8'/>
52 - <Shape DEF='Ri -
< [ T ]

111 M5



http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation/TestCube.x3d

 Palette 0 ® |
I Distributed Interactive Simulation (DIS) - |

]
X3 D p— E d I t D I S S u O rt 7='r‘ EspduTransform DISEntityManager
DISEntityTypeMapping ﬁ ReceiverPdu
SignalPdu i u

X3D-Edit authoring tool includes multiple
support capabilities for DIS usage

e Edit panels for X3D nodes: EspduTransform,
ReceiverPdu, SignalPdu, TransmitterPdu,
DISEntityManager, DISEntity TypeMapping

e DIS ESPDU Test panel for sending values

e DIS Player-Recorder for recording, playing
pack, loading or saving packets

e DIS PDU Sender Test menu selection for

sending one of each PDU type avaiIabI_
web|3D X3D
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X3D-Edit DIS ESPDU packet tester

e
Select values to send ﬁuﬂ—l
e X yz in meters e
multiplied by scale e e—
e roll pitch yaw shown o
in degrees, also radians e
e Type in marking and R e
network parameters o] o e b w a2
Each change sends a ] L)
new ESPDU packet ey, TS Lt
— -

web|3D o s
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Example: TestCubeEspdu.x3d

e TestCubeEspdu.x3d 5

RE-E- S es s @ e | T D

1: <?xm] wersion="1.0" encoding="UTF-8"7>

2 <IDOCTYPE X3D POBLIC "I50//Web3D; . 2/ /ENB "heoep:/ /www.web3d. org/specificati

35 <X3D profile="Tmmerzive ior b5 xmlins:xsd='http://ww } .oxgy 2 2t hem 1] 141 xsd:noNamespaceSchemaLocation="http://www.web]
4 E <head>

<conponent leyel='i'f

<meta content='Te

<meta content='D

<meta contenct='19

<meta content='17

<meta content='

<meta WA . W 1.¢ ! | ntenty np 1 ! JDistributer imulation/TestCubeEspdu.®3d"' name='identifier'"/>

<meta
<meta
</head>
<5cene>
<Background skyColor='0
<Viewpoint description=' . testien n 33350 0.1 LBTT2Y sposition="25 15
<EspduTransform DEF='Te=ztCubeTrar Tm Bl 2% 1 entityID='2"
marking="'TestCube' networkMode='networkBeader' port='62040"' siteID="0">
<Viewpoint description="local (mowving) wview' orientation="-0 ] QL 17 ! 2' ‘pogition="10 & 10
<Switch whichChoice="0">
<Inline url=""TeatCube.x3d"

.web3d.org/x3d/content/examples,/Basic/Distribu iInteractiveSin B/ tCube.x3d"" />

<Transform DEF='
<Inline url='"

</Transform>
</ Switch>
</EspduTransform>

<l— provide

<Trapsform scale='10

</Transform>
<Inline DEF='GridXY 20x20Fixed’ url='". /. ./

<fScene>
</ X3D>



http://www.web3d.org/x3d/content/examples/Basic/DistributedInteractiveSimulation/TestCubeEspdu.x3d

: Xj3D Viewer

: Xj3D Viewer

local (moving) view

: DIS ESPDU Test Panel

Translation

meters

¥

[s ]
[o]

Rotation

degrees

rall i

AED -130®

i -180°
reset positions |

: Xj3D Viewer

so®  180°
I N

s0°  180°

I

a° s0°  180°

reset rotations |

site ID |

application ID

local {moving) view



0 ENTITY_STATE 0.0
1 ENTITY_STATE 3.075549E-4
2 ENTITY_STATE 5.23116E-4
3 ENTITY_STATE 8.83968E-4
4 ENTITY_STATE 0.001341701
S ENTITY STATE 00001431735
6 ENTITY_STATE 6.617582018
FENTITY_STATE 6.6452956514
5 ENTITY _STATE 6.650329926
9 ENTITY_STATE 6.660342097
10 ENTITY_STATE 6.670427218
11ENTITY_STATE 6.685678255
12 ENTITY_STATE 6.6919750865
13 ENTITY_STATE 6.69806773
14 ENTITY_STATE 6.705468349
15 ENTITY_STATE 6.713627798
16 ENTITY_STATE 6.729525492
17 ENTITY_STATE 6.737626655
18 ENTITY_STATE 6. 745650835
19 ENTITY_STATE 6.733498687
20 ENTITY_STATE 6.762454726
21ENTITY_STATE 6.77082093
22 ENTITY_STATE 6.779879613
23 ENTITY_STATE 6.789259058
24 ENTITY_STATE 6.738898412
25 ENTITY_STATE 6.808362538
26 ENTITY_STATE 6.833743053
27 ENTITY_STATE 6.857/561183
28 ENTITY_STATE 6.869075185
29 ENTITY_STATE 6.880044107
30 ENTITY_STATE 6.893185917
J1ENTITY_STATE 6.9035870432
JZENTITY_STATE 6.913415912
F3ENTITY_STATE 6.93523762
FMENTITY_STATE 6.935353461
F5SENTITY_STATE 7.1055635511
35 ENTITY_STATE 7.116899937
F7ENTITY_STATE 7.130047142

Metwork address 239 1.2.3

PDU Header

time stamp i3E|I:I exerdse ID |0 pdu length | 144

POU type Entity State | protocol family |Entity Informatic, protocol version |IEEE 1278, 1A-1t| padding |0

Entity Marking Entity ID

marking | %30-Edit3.2 character set |0 site ID |0 application ID | 1 | entity ID |2

EntityType
kind domain country

it category  subcategory i extra
Other | Other | Gther

Undefined | | @O
Alternative Entity Type
kind  domain country.

Pl  spedific
Other | other | other

category  subcategory F
Mo headguarters

Undefined Other
Entity Location

20

Entity Orientation
psi | -0 degrees [ 0 radians

-0 radians theta | 0 degrees phi 194 degrees 2.513 radians

Dead Reckoning Parameters
algarithm | Other | otherlnponnooonooonno

angular velocity 0.0 o, EU.IZI linear acceleration | 0.0
Entity Linear Velodty

lo.0 0.0 [o.o

capahilities il | entity appearance |0 Force ID | Other

Articulation Parameters

0 attached articulation parameters

Type Designator ~ Change Indicator  Part Attached To Type  Value (float)  (asdi)  (hex)  (int)

DIS
player-
recorder

embedded
IN
X3D-Edit

port |62040

;Display mode: (@ PDUpanel () Hexadedmal bytes () DIS-XML |

MHd«4d: 4)>

Begin. R Fast R Step R Play Play

[Operation mode

@I ENa e

Record Pause Stop Save Load

D B D

Step Fast End Loop




DIS PDU Sender Test menu selection

Menu item:
« X3D > Networking > DIS PDU Sender Test

Sends one PDU of each type supported

Useful for testing application connectivity
» Console of logged results: View > IDE Log
« Example excerpt:

Sent PDU of type edu.nps.moves.dis.CollisionPdu
Sent PDU of type edu.nps.moves.dis.CommentPdu

Sent PDU of type edu.nps.moves.dis.CreateEntityPdu
Sent PDU of type edu.nps.moves.dis.DetonationPdu
Sent PDU of type edu.nps.moves.dis.EntityStatePdu
Sent PDU of type edu.nps.moves.dis.FirePdu

Sent PDU of type edu.nps.moves.dis.RemoveEntityPdu

3D [...]

CONSORTIUM
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DIS Player-Recorder Window 2

0 ACKNOWLEDGE 0.0 PDU Header
(1 ACTION_REQUEST 9.52011E-4

- T ; = 1 e
T T time stamp EU | exerdse ID !U ! pdu length |80 |
i3 COMMENT 0.001279367 POU type | Collision | protocol version |IEEE 1278.1A-1938 | protocol family | Entity Information/Interaction | padding U_l
4 CREATE_ENTITY 0.00149455 Tssuing Entity
SDETOMATION 0.001653047 : 2 t I
& ENTITY_STATE 0.001806144 sit=10 |0 |application ID |0 | entity ID |0
7 FIRE 0.001964874
3 REMOWVE_EMNTITY 0.002117372 ~ —
9 REPAIR, COMPLETE 0.00233732 site ID |0 application ID |0 | entity 1D 0
10 REPAIR._RESPOMSE 0.002472955
11 RESUPPLY _CAMNCEL 0.002605657 )
12 RESUPPLY_OFFER 0.002972605 eventid |0 | sim site id |0 | sim appiid |0
13 RESUPPLY_RECEIVED 0.003408836 =
14 SERVICE_REQUEST 0.003567566 |1y )
15 START_RESUME 0.003703934 0.0 : 0.0
16 STOP_FREEZE 0.003837736

Colliding Entity

Ewvent

Velocity

Location

0.0

collision type Elne1astic

X3D-Edit DIS player-recorder: test PDUs

Metwork address im9.1.2.3

a H«a«dad 4 bl @ Operation mode e N EDE

Load Begin, R Fast R Step R Flay FPlay Step Fast End : Loop o Record Pause Stop Save

|port 62040 | Display mode: ® Panel () Hex (XML
) e il




Also in NPS Savage archives:
specific scenarios available

These scenes typically have

e EspduTransform nodes with session info, as
parent nodes translating/rotating child models

e Inline nodes that retrieve non-networked
platform models for rendering in the scene

web



https://savage.nps.edu/Savage
https://savage.nps.edu/Savage

Autonomous Unmanned Vehicle
(AUV) Workbench

The NPS Autonomous Unmanned Vehicle
Workbench (AUVW) supports physics-based
mission rehearsal, real-time task-level control of
robot missions, and replay of recorded results in
support of autonomous unmanned underwater,
surface and air vehicles.

 Includes embedded DIS networking to connect
physics-based modeling of robot missions to Xj3D
visualization pane using Savage models

* https://savage.nps.edu/AuvWorkbench

 https://savage.nps.edu/Savage/AuvWorkbench/OperatingAreas
web|3D X3D
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https://savage.nps.edu/AuvWorkbench
https://savage.nps.edu/Savage/AuvWorkbench/OperatingAreas
https://savage.nps.edu/AuvWorkbench
https://savage.nps.edu/Savage/AuvWorkbench/OperatingAreas
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AUV Workbench DIS Output

e Robot mission definitions are executed by
robot controller, driving the vehicle

e Dynamics engine computes motion response,
sent to network and Xj3D viewer via DIS

e DIS packets are DIS-XML chat or native PDUs

Tagticgl |§'1|FEE 2D. GIS, 3D i https server
visualization ' r———
SOt Eansfjrs' — — Real-world GIS data,
path planning mru:ll = r['-':.] _Savage model archives

Real-time vehicle tasking S€ral port, — st e :

g 2oouste, RF : i Bathymetry, terrain,
Execution level =5 submerged, surface, Virtual-sensor models
' robot contro|  Fe—

aerodynamic i

“Hardwara in loop” tesls y Enwmnmgntal dEtEI
hitps server ; f XML { *ML 1 - {__ various 7 )

Mission dala archive Conlrol-algerithm Dynamics response JMEi;_wab seu::ioes,

telemetry, missions, X3D coafficiants coefficients MetCDF data,

for various vehicles for various vehicles computational

D

3D
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DIS bridging

Some applications can be found in Open-DIS
codebase to bridge DIS packets LAN-to-LAN

e Accomplished by opening unicast socket
between LANs which passes packets,
relaying them to/from multicast at endpoints

e This is needed since routing defaults do not
allow multicast to escape an individual LAN
e Macedonia, Michael R. and Brutzman, Donald P.,

"MBone Provides Audio and Video Across the
Internet," IEEE COMPUTER, vol. 27 no. 4, April

eh 31[9)94, pp. 30-36. | XSD
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Selectively Reliable Multicast Protocol
(SRMP) DIS-HLA Gateway

GMUGateway is a research-oriented protocol
translator developed in Java for distributed
simulations.

 Provides interoperability among different types of
simulation architectures

* Converts DIS protocol packets to High Level
Architecture (HLA) Run-Time Infrastructure (RTI)
service calls, and vice versa.

» Uses NPS DIS-Java-VRML implementation (for DIS)
and RPR-FOM (for HLA)

* http://netlab.gmu.edu/SRMP/gatewayDoc.php
web[3D XD
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http://netlab.gmu.edu/SRMP/gatewayDoc.php
http://netlab.gmu.edu/SRMP/gatewayDoc.php

DIS networking thesis: Steve Zeswitz

Zeswitz, Steven, NPSNET:

Integration of Distributed

Interactive Simulation (DIS)

Protocol for Communication

Architecture and

Information Interchange,

Masters Thesis, Naval

Postgraduate School,

Monterey California, Early work.
September 1993.

web



https://savage.nps.edu/AuvWorkbench/website/documentation/theses/ZeswitzDistributedInteractiveSimulationProtocolThesis.September1993.pdf
https://savage.nps.edu/AuvWorkbench/website/documentation/theses/ZeswitzDistributedInteractiveSimulationProtocolThesis.September1993.pdf
https://savage.nps.edu/AuvWorkbench/website/documentation/theses/ZeswitzDistributedInteractiveSimulationProtocolThesis.September1993.pdf

DIS networking thesis: Steve Stone

Stone, Steven W,,

A rapidly reconfigurable, APPLICATION PROGRAM
application layer, virtual :

e n VI' ro n m e n t n e tWO rk APPLICATION PROGRAM INTERFACE
protocol, Masters Thesis, ¢

N aval POStg rad u ate SIMULATION PROTOCOL

S C h 00 I ( N P S ) ) M on te rey Lower Level N?twnrk Protocols

California, June 1996.
Built an improved

NPSNET implementation.
web|3D )<3D -
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http://edocs.nps.edu/npspubs/scholarly/theses/1996/Jun/96Jun_Stone.pdf
http://edocs.nps.edu/npspubs/scholarly/theses/1996/Jun/96Jun_Stone.pdf
http://edocs.nps.edu/npspubs/scholarly/theses/1996/Jun/96Jun_Stone.pdf

Savage thesis: Shane Nicklaus

Nicklaus, Shane D.,
Scenario Authoring and
Visualization for
Advanced Graphical

Environments (SAVAGE),

Master's Thesis, Naval
Postgraduate School,
Monterey California,
September 2001.
Information Systems
Technology curriculum.
Co-advisors Curtis L.
Blais and Dan Boger.

Autogeneratlon of georeferenced
Air Tasking Order (ATO) LSVEs,
usmg XML based Op Orders

Scene 10:
Beach Landing Site



http://edocs.nps.edu/npspubs/scholarly/theses/2001/Sep/01Sep_Nicklaus.pdf
http://edocs.nps.edu/npspubs/scholarly/theses/2001/Sep/01Sep_Nicklaus.pdf
http://edocs.nps.edu/npspubs/scholarly/theses/2001/Sep/01Sep_Nicklaus.pdf

H-Anim thesis: Tom Miller

Miller, Thomas E., Integrating Realistic Human Group
Behaviors Into A Networked 3D Virtual Environment,
Master's Thesis, Naval Postgraduate School,
Monterey California, September 2000. MOVES
curriculum. Received NPS Outstanding Academic
Achievement Award for highest academic honors
among Department of Defense (DoD) students.

T



https://savage.nps.edu/Savage/documents/DisJavaVrml-HumanoidTeamsThesis-MillerSeptember2000.pdf
https://savage.nps.edu/Savage/documents/DisJavaVrml-HumanoidTeamsThesis-MillerSeptember2000.pdf
https://savage.nps.edu/Savage/documents/DisJavaVrml-HumanoidTeamsThesis-MillerSeptember2000.pdf
https://savage.nps.edu/Savage/documents/DisJavaVrml-HumanoidTeamsBrief-MillerSeptember2000.ppt
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Human team preparing to
enter helicopter




Signals thesis: Dave Laflam

Laflam, David W.,

3D Visualization of
Theater-Level Radio
Communications Using
a Networked Virtual
Environment,

Master's Thesis, Naval
Postgraduate Schooal,
Monterey California,
September 2000. e
MOVES curriculum.

BER-NEE R SR - LY AR

web



https://savage.nps.edu/Savage/documents/DisJavaVrml-SignalsVisualizationThesis-LaflamSeptember2000.pdf%20
https://savage.nps.edu/Savage/documents/DisJavaVrml-SignalsVisualizationThesis-LaflamSeptember2000.pdf%20
https://savage.nps.edu/Savage/documents/DisJavaVrml-SignalsVisualizationThesis-LaflamSeptember2000.pdf

Visualization thesis: Mike Hunsberger

Hunsberger, Michael G.,

3D Visualization Of Tactical
Communications for Planning
and Operations Using Virtual
Reality Modeling Language
(VRML) and Extensible 3D (X3D), s
Master's Thesis, Naval Postgraduate School

Monterey Callfornla June 2001. Awarded Alr

Force Association Award for Outstanding Air

Force Student. Dual Master of Science degrees:

Systems Technology for Joint C3 Systems and

Computer Science.
web|3D )<3D
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https://savage.nps.edu/Savage/documents/DisJavaVrml-SignalsVisualizationThesis-HunsbergerJune2001.pdf%20
https://savage.nps.edu/Savage/documents/DisJavaVrml-SignalsVisualizationThesis-HunsbergerJune2001.pdf%20
https://savage.nps.edu/Savage/documents/DisJavaVrml-SignalsVisualizationThesis-HunsbergerJune2001.pdf

Scenario thesis: James Harney

e Code Control ...

Harney, James W., Analyzing 7 53
Anti-Terrorist Tactical B
Effectiveness of Picket Boats [“=1
for Force Protection of Navy | -
Ships Using X3d Graphics
and Agent-Based Simulation,
Masters Thesis, Naval
Postgraduate School,
Monterey California, March
2003. Co advisors Curtis L.
Blais, Gordon Schacher, and
John Hiles. [ e——



http://edocs.nps.edu/npspubs/scholarly/theses/2003/Mar/03Mar_Harney.pdf
http://edocs.nps.edu/npspubs/scholarly/theses/2003/Mar/03Mar_Harney.pdf
http://edocs.nps.edu/npspubs/scholarly/theses/2003/Mar/03Mar_Harney.pdf

Scenario thesis: Pat Sullivan

il

Sullivan, Patrick J.,
Evaluating the Effectiveness
of Waterside Security
Alternatives for Force
Protection of Navy Ships
and Installations using X3D
Graphics and Agent-Based S
Simulation, Masters Thesis, ==
Naval Postgraduate School, E===
Monterey California,
September 2006.
Co-advisor Curt Blais.
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SMAL Metadata Thesis: Travis Rauch

» Rauch, Travis, Savage Modeling Analysis Language
(SMAL): Metadata for Tactical Simulations and X3D
Visualizations, Masters Thesis, Naval Postgraduate
School, Monterey California, March 2006.

« SAVAGE Modeling and Analysis Language (SMAL) is
the NPS MOVES strategy for identifying tactical,
physical and simulation-oriented information
regarding models for vehicles, terrain and entities in
virtual environments. Equivalent XML and X3D
representations for SMAL are defined.

* https://savage.nps.edu/Savage/Tools/SMAL/SMAL.html
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DIS, XMPP thesis: LEE, Daryl Chin-Siong

LEE, Daryl Chin Siong,

NPS AUV Workbench:
Collaborative Environment for
Autonomous Underwater
Vehicle (AUV) Mission
Planning and 3D Visualization,
Master's Thesis, Naval
Postgraduate School,
Monterey California, March
2004. Computer

Science curriculum.
Co-advisor Curtis Blais, second
readers John Hiles and Duane
Davis.

Java 1.4.2 regular expression parser on chat:

ression patiam
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Meaningful messages can be extracted from chat text,
thus enabling automatic structure for user support

Event monitoring via instant messaging

chatbot listens and reacts to
free-form messages of interest
by plotting mine onto chartlet
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XMPP Chat Thesis: Dan DeVos

DeVos, Daniel A, XML~ foo s

Tactical Chat (XTC): T | E—
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Masters Thesis, Naval e
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Simulator thesis: Chris Fitzparick

Fitzpatrick, Christopher,
Integration of Robotic
Technology, X3D Computer
Graphics and Digital Imaging
to Modernize the Expeditionary
Warfare Demonstrator (EWD),
Masters Thesis, Naval
Postgraduate School, Monterey
California, September 20009.
Second reader Amela Sadagic.
Awarded SPAWAR Student
Research Fellowship
September 2008.
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MMOG thesis: Tarig Rashid

Rashid, Tarig, Integrating [ o seve 1 e s
Distributed Interactive N
Simulations with the Project = <\ st \/ﬂ‘“.}q
Darkstar Open-Source caemer A\
Massively Multiplayer Online | ey
Game (MMOG) Middleware, PO

Masters Thesis, Naval
Postgraduate School,
Monterey California,
September 2009.
Co-advisor Don McGregor, Sl
second reader Amela Sadagic. (EPESSE=g |
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XML Security Thesis: Jeff Williams

Williams, Jeffrey S., Document-Centric XML
Encryption and Authentication for Coalition
Messaging, Masters Thesis, Naval Postgraduate
School, Monterey California, September 2009.
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Potentially usable with DIS-XML, EXI compression
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Discrete Event Simulation (DES)
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DES: Simkit
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DES: DisKit

web ‘ 39,” UM



DES: Viskit
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DES: SavageStudio
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Wireshark WIRESHARK

Wireshark is an open-source network-protocol
analyzer and debugging tool

Wireshark has a built-in decoder for DIS

 Analyze->Enabled Protocols to make sure DIS is
turned on

» Select a packet

* Analyze->Decode As to view as DIS; can also set all
packets sent to or from a port to be automatically

decoded as DIS

Available at
* http://www.wireshark.org

3D
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http://www.wireshark.org/
http://www.wireshark.org/

? Jenkins continuous build server

web

NPS has stood up an online continuous
integration server for regular builds

» Uses open-source Jenkins under Apache.

for model
and software
developers

Performs nightly compilation builds of code,
error-checking validation of model content

» Xj3D open-source player and other tools
« X3D example archives, all on SourceForge

Provide further quality assurance (QA) for X3D

e https://savage.nps.edu/Savage/developers.html#Jenkins

e https://savage.nps.edu/jenkins

3D
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Chapter Summary

X3D DIS component allows networking of shared
entity state for positioning objects, entity
management, collision detection, fire/detonate
projectiles, and propagation/receipt of signals

Multiple technical challenges are steadily being
addressed, simple scalability is the primary goal

Ongoing work is building repeatable, royalty-free

results available for broad use on the Web
web|3D )<3D
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Suggested exercises

Test, adapt example scenes provided in archive

Create (or adapt) a simple Java, C++ or Javascript
program to send PDUs

Monitor PDUs being sent from an existing DIS
simulation program using X3D model, X3D-Edit

(we're getting closer...) join a virtual environment

3D - X3D-
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Future work: lots!
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TODO #1: Planned projects

e (Geospatial coordinates in X3D Specification
e DisEntityManager scenario: working example

e Upgrade Open-DIS to DIS 2012 changes
 Status?

e Recording, playing back DIS PDU packets
to/from a MySQL database

e Provide updated support for VRML/X3D
examples in Mark Pullen's online course
Networked Virtual Environments (NVES)

3D X350
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TODO #2

e Open-DIS ports to Javascript: WebSockets and
WebRTC available, improve documentation

e Add Open-DIS to X3DOM: testing in progress
» Breakthrough moment after years of work

e Upgrade MV3500 Networked Simulation as an
online distributed-learning course

web




TODO #3: X3D-Edit

e Open-DIS server stream-relay capabilities

* Simplify, automate server-to-server (s2s) bridging

 Embedded in X3D-Edit for local server creation

* Bundle over XMPP chat for broader routing

e Autogenerate Java, Javascript enumerations
using Enumeration Byte Value (EBV) .xml

e Publish classes in Open-DIS archive (check current)

e Bundle in X3D-Edit panes, online documentation

e DIS data capture, distillation as smoothed
interpolators for offline/archived playback

* Track recording and playback for any entity



TODO #3: other NPS tools

e X3DOM interoperability

« X3dToX3dom.xslt stylesheet support

* Tooltips and quality assurance (QA) testing
* Publish series of examples

e Integrate, document visualization tools use
* AUV Workbench mission publication, replay

* Viskit playback control

» SavageStudio scenario authoring

e Update past work to meet current research

e Dave Laflam thesis on signals visualization
* Tom Miller thesis on grouped humanoid animation



TODO #4: other tools

o Codebase repeatability and interoperability

Wireshark usage and examples with DIS
AMIE virtual-world bridge connections

Test and Training Enabling Architecture (TENA)
interoperability

Add DIS support to major X3D players: BS Contact,
InstantReality, perhaps other codebases

X-Plane usage and examples with DIS

e Revisit scalable MMOG game server concepts

compare/contrast to SISO WebLVC work

Is another MMOG codebase really needed, or might
peer-to-peer (p2p) approaches prove sufficient?



TODO #5: and more, here we go!

e Important thesis work now available

* Compare compression techniques using XML-based
Efficient XML Interchange (EXI)

* Encryption and signature of streams, PDUs
e Security considerations of Web-based DIS



Partnership, sponsor opportunities

o DIS-XML encoding proposed and tested as
an addition to the DIS standard

e DIS-HLA bridge to an open-source RTI

e Consider integration with Test and Training
Enabling Architecture (TENA)

e Your project here?

web



https://www.tena-sda.org/display/intro/Home
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Open-source license
for X3D-Edit software and X3D example scenes

http://www.web3d.org/x3d/content/examples/license.html

Copyright (c) 1995-2013 held by the author(s). All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

e  Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

e  Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

e Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.


http://www.web3d.org/x3d/content/examples/license.html
http://www.web3d.org/x3d/content/examples/license.html
http://www.web3d.org/x3d/content/examples/license.txt
http://www.web3d.org/x3d/content/examples/license.html
http://oreilly.com/catalog/9780596005818/index.html
http://handle.dtic.mil/100.2/ADA450769
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X3D Graphics and Distributed Interactive
Simulation (DIS) Networking

"All the world's a stage,
And all the men and women merely players;”
- William Shakespeare, As You Like It

Don Brutzman
Naval Postgraduate School

brutzman@nps.edu
web|3D
CONSORTIUM
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Chapter Overview

3D
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Overview

IEEE Distributed Interactive Simulation (DIS)
protocol has been used for many years to build
networked simulations that share state

X3D DIS component aligns these capabilities with
X3D scenes to enable sharing of state data

* EspduTransform: protocol data units (PDUs) for
EntityState, Collision, Fire, Detonation

* Signals: ReceiverPdu, SignalPdu, TransmitterPdu
Various open-source tools, codebases available

* e.g. Open-DIS open source in Java, C++, C#, etc.

* Currently only one X3D browser implementation ®

http://en.wikipedia.org/wiki/Distributed Interactive_Simulation

Distributed Interactive Simulation (DIS) is an open standard for conducting real-time
platform-level wargaming across multiple host computers and is used worldwide,
especially by military organizations but also by other agencies such as those involved
in space exploration and medicine.

Application protocol

Simulation state information is encoded in formatted messages, known as protocol
data units (PDUs) and exchanged between hosts using existing transport layer
protocols, including multicast, though broadcast User Datagram Protocol is also
supported.

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 4
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Overview: DIS Network Protocol

Distributed Interactive Simulation (DIS) network
prototcol is an IEEE standard since 1995

+ IEEE 1278 is a communications standard for
physically based distributed simulations

+ Standard defines the binary layout of a series of
messages used to transmit simulation information

+ Often used in military applications since IEEE 1278
covers a wide range of data, including entity
location, velocity, and orientation, and more
features such as signal and supply support

* Also used in civilian applications: air-traffic contro},

33&

CONSORTILM
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PDU defined

Protocol data unit (PDU) generally considered
to provide a unit block of information
* Delivered among peer entities on a network

» May contain control information, address
information, or data

The IEEE specification for DIS defines a large
number of PDU packets

 Standardizes byte format of packets “over the wire”
for interoperability among participating simulations

CONSORTILM 3

http://en.wikipedia.org/wiki/Protocol_data_unit

web

PDUs are relevant in relation to each of the first 4 layers of the OSI model as follows:

1. The Layer 1 (Physical Layer) PDU is the bit

2. The Layer 2 (Data Link Layer) PDU is the frame

3. The Layer 3 (Network Layer) PDU is the packet

4. The Layer 4 (Transport Layer) PDU is the segment (e.g. TCP segment)

(Layer 5 and above are referred to as data.)

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 6
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DIS PDU types

DIS specification defines 67 PDUs in 12 families

* Entity information/interaction: Entity State, Collision,
Collision-Elastic, Entity State Update, Attribute

» Warfare: Fire, Detonation, Directed Energy Fire, Entity
Damage Status

* Radio communications: Transmitter, Signal, Receiver,
Intercom Signal, Intercom Control

» Simulation management: Start/Resume, Stop/Freeze,
Acknowledge

* etc.

3D X3D

http://en.wikipedia.org/wiki/Distributed_Interactive _Simulation#Protocol data_units .5B3.5D

web

Family list continued:

Logistics: Service Request, Resupply Offer, Resupply Received, Resupply Cancel,
Repair Complete, Repair Response

*Distributed emission regeneration: Designator, Electromagnetic Emission,
IFF/ATC/NAVAIDS, Underwater Acoustic, Supplemental Emission/Entity State (SEES)

*Entity management, Minefield, Synthetic environment

*Simulation management with reliability

sLive entity, Non-real time families

*Information Operations: Information Operations Action, Information Operations Report

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 7
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web

Virtues of DIS

DIS is a binary protocol; the exact layout of PDUs in
binary format is specified, along with byte order

Many standardized enumeration values. For
example, the value “1” in the Entity Type field of a
PDU specifies that the PDU is an Entity State PDU.

Other fields and enumerated values can define
what type of entity is being described, such as an
M1A2 tank, an Arleigh Burke class destroyer, etc.

DIS standard describes functional algorithms for
handling PDUs, dead reckoning, and more.

Thus both syntax and semantics for interoperability
are well defined.

3D
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Network communications

Two transport capabilities:

+ Multicast (many-to-many on LAN) socket
* Unicast (point-to-point) socket

Entities and ownership

+ Entity corresponds to some high-level vehicle that
has control over its own motion

* Owners send packets, others listen for packets
* Multiple owners for one entity usually nonsensical

Thus non-symmetric configuration of readers

and writers in each participants scene graph
web|3D )<3D
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DIS Enumerations

e SISO-REF-010-00-2013: DIS Enumerations

e This document specifies the numerical
values and associated definitions for those
Distributed Interactive Simulation (DIS)
Protocol Data Units (PDUs) fields that are
identified as enumerations in IEEE 1278.1-
1995 and IEEE 1278.1A-1998. Compliance
with this document is mandatory for
participation in a DIS exercise.

e 487 pages (!), steady evolution continues
web|3D )<3D

CONSORTILM

“Steady evolution” indicated by multiple posts on weekly basis to add new entity types.
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back to Table of Contents

SIMNET and DIS

IEEE, SISO and HLA

web

CONSORTILM E
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SIMNET

o SIMNET was a wide area network with
vehicle simulators and displays for real-time
distributed combat simulation: tanks,
helicopters and airplanes in a virtual
battlefield. SIMNET was developed for and
used by the United States military. SIMNET
development began in the mid-1980s, was
fielded starting in 1987, and was used for
training until successor programs came
online well into the 1990s.

e http://en.wikipedia.org/wiki/SIMNET
web|3D
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DIS definition from Wikipedia

Distributed Interactive Simulation (DIS) is an
open standard for conducting real-time
platform-level wargaming across multiple host
computers and is used worldwide, especially
by military organizations but also by other
agencies such as those involved in space
exploration and medicine.

http://en.wikipedia.org/wiki/Distributed_Interactive_Simulation

3D )<3D
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DIS History 1

» The standard was developed over a series of "DIS
Workshops" at the Interactive Networked
Simulation for Training symposium, held by the
University of Central Florida (UCF) Institute for
Simulation and Training (IST). The standard itself is
very closely patterned after the original SIMNET
distributed interactive simulation protocol,
developed by Bolt, Beranek and Newman (BBN) for
Defense Advanced Research Project Agency
(DARPA) in the early through late 1980s. BBN
introduced the concept of dead reckoning to
efficiently transmit the state of battle field en

tities
3D )<§D
CONSORTIUM

web
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DIS History 2

 In the early 1990s, IST was contracted by the
United States Defense Advanced Research Project
Agency to undertake research in support of the US
Army Simulator Network (SimNet) program.
Funding and research interest for DIS standards
development decreased following the proposal and
promulgation of its successor, the High Level
Architecture (simulation) in 1996. HLA was
produced by the merger of the DIS protocol with
the Aggregate Level Simulation Protocol (ALSP)
designed by MITRE.

3D )<3D
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DIS History 3

* There was a NATO standardisation agreement
(STANAG 4482, Standardised Information
Technology Protocols for Distributed Interactive
Simulation (DIS), adopted in 1995) on DIS for
modelling and simulation interoperability. This was
retired in favour of HLA in 1998 and officially
cancelled in 2010 by the NATO Standardisation
Agency (NSA).

* Not clear why cancelled since DIS # HLA...

* Credit: DIS site, history maintained by DIS PDG

http://en.wikipedia.org/wiki/Distributed_Interactive_Simulation

3D )<3D
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Simulation Interoperability
Standards Organization (SISO)

International organization with broad agenda.
 “Simulation Interoperability & Reuse through Standards”
SISO (http://www.sisostds.org) is recognized as

* NATO Standards Development Organization (SDO)

+ IEEE Standards Sponsor

+ Category C Liaison Organization, ISO/IEC (JTC 1)

SISO maintains and develops the DIS standard via
working-group efforts and meetings, especially at
Simulation Interoperability Workshop (SIW) series

in Orlando FL and Europe annually
web[3D )<3D
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SISO Vision

+ SISO will serve the global community of modeling
and simulation professionals, providing an open
forum for the collegial exchange of ideas, the
examination and advancement of M&S-related
technologies and practices, and the development of
standards and other products that enable greater
MR&S capability, interoperability, credibility, reuse,
and cost-effectiveness.

» Reference: SISO-ADM-004-2010, available via
http://www.sisostds.org/AboutSISO/Overview.aspx

3D )<3D
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DIS Product Development Group (PDG)

The SISO Standards Activity Committee (SAC)
has a DIS Product Development Group (PDG)
which updated the core DIS standard, 1278.1,
and reintegrated content of 1278.1a, to form
approved update standard 1278.1-2012.

DIS standards can be purchased from IEEE
(often available free to members, universities)
and also available online to SISO members.

3D )<3D
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IEEE Standards Maintained by SISO

» IEEE 1278.1-2012 - IEEE Standard for Distributed
Interactive Simulation - Application Protocols

* IEEE 1278.2 - IEEE Standard for Distributed Interactive
Simulation - Communication Services and Profiles

» IEEE 1278.3 - IEEE Standard for Distributed Interactive
Simulation Exercise Management & Feedback (EMF) -
Recommended Practice

» IEEE 1278.4 - IEEE Standard for Distributed Interactive
Simulation - Verification Validation & Accreditation

http://www.sisostds.org/ProductsPublications/Standards/IEEEStandards.aspx

3D )<5D

http://www.sisostds.org/ProductsPublications/Standards/IEEEStandards.aspx
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Getting copies of DIS standards

IEEE DIS standard documents are

¢ Available to SISO members without charge

e Available to IEEE members

e Often available to universities via site license

3D

CONSORTILM

web

From: "Duncan Miller" (dmiller@sisostds.org) 21 OCT 2010

We are pleased to announced that SISO is now able to provide
free access to SISO-developed IEEE Standards, as well as
standards developed and promulgated directly by SISO as an
accredited Standards Development Organization.

Access to these standards via the SISO website is restricted to
SISO members only. Information on how to become a SISO member
and/or maintain your membership may be found on the SISO web
site, http://www.sisostds.org under

"Membership > Become a Member."

The initial standards available under this agreement include
[...HLS details...]

The DSEEP (1730) and the new version of DIS (1278.1) standards

will be added in the next few months as they are completed and

published, ensuring that SISO members have access to the newest
versions of the standards.

To login: http://discussions.sisostds.org/default.asp?
boardid=2&action=9&read=49142&fid=11#69589

SISO: http://www.sisostds.org

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 21
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DIS and High Level Architecture (HLA)

DIS protocol defines both wire format and
semantics for consistent shared state

* Stateless, entities can join/leave any time

* Interoperability for all compliant implementations
HLA Run-Time Interface (RTI) is for codebases
that implement HLA design principles

* Object model principles, no wire format, though
DIS packets might be passed internally (RPR-FOM)

* Entities must be predeclared prior to start
* No interoperability guarantee for implementations
* Not an interoperability standard, usually proprietary

Not clear why Simulation Interoperability Standards Organization (or IEEE for that
matter) approved a standard that does not include interoperability. Further hard to
understand what the point is to have a standard that does not include interoperablity.

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 23
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X3D specification: DIS component

X3D specification is componentized for
extensibility, DIS Component is one of many:

* http://www.web3d.org/standards

* Part 1: Architecture and base components

+ Part 28 Distributed interactive simulation component

Provides satisfactory support for primary DIS
nodes used in distributed virtual environments

3D )<3D
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X3D specification: DIS support

DIS component includes following X3D nodes:
* EspduTransform
» ReceiverPdu, SignalPdu, TransmitterPdu
 DISEntityManager, DISEntity TypeMapping
DIS PDU message types
* Collision, Detonate, Entity State, Fire
* (functionality bundled together in EspduTransform)
* Receiver, Signal, and Transmitter

* Numerous other DIS PDUs defined by DIS protocol,
but corresponding X3D mappings are not defined.

CONSORTILM E

DIS PDUs for Collision, Detonate, Entity State, and Fire have their functionality
bundled together in X3D EspduTransform since the physics of motion are closely
coupled together. This allows for coherent X3D rendering implementations.

web
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History:

DIS-Java-VRML

3D
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History: DIS-Java-VRML

Shared state via distributed simulation has
always been a goal of X3D practitioners

The core design and implementation efforts for
X3D DIS networking were first performed
by DIS-Java-VRML working group

« Virtual Reality Modeling Language (VRML97)
standard is direct predecessor to X3D

This design has been carefully evolved over
time to match practical experience gained
by producing ever-larger X3D scenes

3D )<3D

web

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol

November 30, 2014

27



X3D for Advanced Modeling, http://x3dGraphics.com

Conbemis

= Praws Dpeam ¥ sy
L

s

» blaing Lot i Bpmmad duhsy | i

Froject Overview

VRMIL
30 model

|' Java
| computation

Internet
conectivity

DIS-Java-VRML home page

http://faculty.nps.edu/brutzman/vrtp/dis-java-vrml

IHstributed Interactive Simulation
DIS-Java-VREML Warking Group

dry v o the e

© Mg g Rackbuey (Bag: Jsung
¥ e Ceras b Coinn Somdmidy

& Ly O b B Fad v =
e

Tiur arrn of mumww of thin sy provp n Sorsems o 06 v amd VL. The 83 (b ok d beme o g Seeslmen (00K Fragiad i weed 40 rommm i w e 1 mdermeon (v rh
b emeud sl ¢ e i md a0 e bt e bl el pafiopdag w8 el nt ek e wd | r e 8 perli bl b elied e passssay bingeag 4 il C
i rpeile o oot Tl e o Wk b The "o Boade s Mo b L prime VNI on i el i o Sy ot 0 b s B i ol (TN b o
mtnd the e md L b ed et aep e @l 10 cutad s semeeat

Thir S50ty VFOML i (i e b wbipm o by sl vy oo . Ui g v s il b (% il SREME Thiory wrm o by s s o o bl b Tl
bl i caln stk w Tk et g e e 9 ] romiis v T il o e i i vkl v ool et (20 gl P Do

At st moekd oy s msim T wm il o g e b ey e e e a1 P17 L s s il et (38 e o
e et o] L e s ST e e e s Tl P e s e o s e A P oy s b G e 1

ol n womksns m ke o e vk s gt iy e i i

Thor Setrm wvencal i dewdh. Crgrassmisors ([T apgaeeed {1511
ey e g sl werkl e bekh bagh il ded bw red bad e w s pettable ve Raber G b coniiimmerd i p o basbuaee o D3 cnmpatdide 5ot ol ekl meg b gt bl
L T W L o e ot e e, ety s ] pacakide

ol me de e e P oo orpenem | Lo smoade 3 V00 some This gresesh misresim g pos sibidiies

IHE e il VIEL s ool ol i W ol ey niade +irFual J R B e e =L [T I =)
f T e B e A T T T T T A T e L LT}
aiPredh md C ommeeie @ o800 VML dosme VML IEF gaaph o @ 8 erd re el o ek beth vl ol et S te o uhaerd s otwad sl

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol

November 30, 2014

28



X3D for Advanced Modeling, http://x3dGraphics.com November 30, 2014

DIS-Java-VRML codebase
Availability

* dis-java-vrml.tar.gz or dis-java-vrml.zip
* Last build 2003

Provides perhaps-useful example code,
remains well documented

Software Reference

A. Soltwape Dowmbogd snd Lnsislistion 1 | Beioadir B a icds Packages
B. Javasdoo Dacumentasio Lt icoptar Package
C. [ES Dats Dt K. loggar Peckaps
2 auv {Amenmomous Linderaater Viehicle) Package | Y, v Package
E. awt [Abstract Wmdow Toolat) Package M, relate Agenl Arclsitochiae Package
3o Pmeloage . teat ing Packege
G Package 0, e [iitkten] Paciage
H. disErumerations Peckege P -webid. vrip. aec {eetwork) Paclage
iy Pacloige
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DIS-Java-VRML: Javadoc
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Current library: Open-DIS

3D

CONSORTILM

web

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 31



X3D for Advanced Modeling, http://x3dGraphics.com November 30, 2014

Open-DIS motivation, design

Open-source implementation of DIS protocol
* Primary architect Don McGregor NPS
* Non-viral business-friendly BSD license

* Version control available on SourceForge repository
http://open-dis.sourceforge.net/Open-DIS.html

 Contributions welcome
Multiple program languages
 Java, C++, C#, Objective C, Javascript

* Generated from object representation, thus
adaptable for adding new PDU types

+ Some semi-manual tuning is required
web|3D ng

COMSORTIUM

Don McGregor writes
In Open-DIS | had an existing binary protocol specified in the IEEE document, but no

machine-readable format. | wound up describing it in terms of XML. The reason | did
that was that it could carry a bit more semantic knowledge of the protocol. For
example, some fields in DIS describe the length of a variable-length list elsewhere in
the PDU. It's not just a 4-byte integer, it's a 4-byte integer that's describing something
about another field in the PDU. | could exploit that information when generating the
source code for the various languages. Also, getting the ASN.1 to match the existing
binary encoding would have been somewhat difficult. | suspect the ASN.1
implementations would have had to have been tweaked some, which kind of defeats
the purpose--you're giving up using an off the shelf standard implementation. If SISO
had specified the protocol in therms of ASN.1 to begin with that wouldn't have been a
problem.

Anyway, once | had the abstract description of the protocol in XML, | could generate a
language implementation of that protocol by writing about 1-2K lines of code to
translate the XML into an implementation. The implementation has, for each PDU,

* Getters and setters for attributes

* methods for marshalling and unmarshalling the data

* A few other utility methods

So far the XMLPG code generates Java, C#, C++, and Objective-C.

It's imperfect--there are some problems when you start mixing and matching units,
such as bytes vs. bits, or doing things that are not on byte boundaries. But it gets me
about 80% of the way there, and the idea is to modify the code after the generator
creates most of it.
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Open-DIS
on Mac

Objective C version
of Open-DIS able to
run on iPhone, iPad

Screen snapshot
shows PDU tracks
superimposed on
Google Maps using
iPhone Simulator

3D
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Open-DIS repository

Opan-0iS

Open-DIS

Open-DiS; An Open Source
Implementation of the Dinbuted
Ineractive Simalation Prabasol

Terd of Deslenne. MATO g e n

http://open-dis.sourceforge.net/Open-DIS.html
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Open-DIS Javadoc
http://open-dis.sourceforge.net/javadoc/open-dis/docs/index.html
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Open-DIS Enumerations Javadoc

http://open-dis.sourceforge.net/javadoc/disenum/docs
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Concepts: DIS for X3D

Common fields for X3D nodes

3D

CONSORTILM

web
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Double precision requirements

Geospatial latitude, longitude position values
require double precision accuracy

» Otherwise single-precision roundoff jitter equates to
3-10m of positional error

Graphics cards only support single precision

* Single precision 32 bit, double precision 64 bit

X3D Geospatial component reconciles this
mismatch correctly and efficiently

Open-DIS uses double-precision satisfactorily
* However not yet integrated properly into X3D
* Use X-Y-Z local coordinate system instead

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol

November 30, 2014

39



X3D for Advanced Modeling, http://x3dGraphics.com November 30, 2014

rgb xyz

Coordinate systems

Right hand rule for X'Y Z order Up

Y axis is up

|
ik xﬁ

gast Morth

Correspondence: East, Up, South

Accept no substitutes!
* or at least realign them ©

See Figures 3.1 and 3.1, page 68, X3D for Web Authors

There are a total of eight different Euler angle systems, each with different relative orientations
for the X, Y and Z axes.

Half of these follow a left-hand rule, rather than a right-hand rule. Occasionally a graphics book
comes out that presents mathematical equations using a left-hand rule. Immediately throw such
books in the fire so that further pain and suffering is prevented!

The second and third displayed examples are
http://www.x3dbook.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesNSEW.x3d

http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/Coordinate Axes.x3d
http://X3dGraphics.com/examples/X3dForWebAuthors/Chapter03-Grouping/CoordinateAxesInlineExample.x3d

Ordinarily we ignore correspondences with geographic North, South, East and West, since
regular X3D coordinates are single-precision floating point, while the Geospatial nodes use
double-precision floating-point values in order to capture latitude and longitude coordinates with
sufficient accuracy.

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 40
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Spatial reference frames

X3D is based on a right-handed Cartesion x,y,z
coordinate system

e centered at arbitrary (0,0,0)

Geospatial data can be captured in a large
variety of earth-oriented coordinate sytems

e It is important to keep these different
coordinate systems straight, or else objects
do not appear where they are expected

¢ Related to ellipsoid for actual Earth shape

CONSORTILM E

See the references by Raph Toms and Paul Birkel for further details.

web
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Common fields: isActive, timestamp

* jSActive indicates if node has received
a DIS packet (/isActive true) or not
(isActive false)

* timestamp field provides the time
(SFTime) at which the DIS message
arrived, referenced to local system
time.

CONSORTILM E

web
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Common field: networkMode

networkMode has 3 distinct possible values:

* networkReader: Sender/owner writing updates,
* networkWriter: receiver/ghost reading updates,
* standAlone: independently from the network

Thus networkMode provides a way for an X3D
scene to indicate whether a particular node is
the owner or listener for a given entity.

* networkMode="standAlone' allows passive
operation without opening network communications

3D

CONSORTILM

web

Keeping networking turned off by default may be a useful security option or
configuration presence for some scenes.

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol
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Common fields: network address, port

Typical transport mode is multicast, with
specific address chosen by exercise

* Restricted to range 224.0.0.0 thru 239.255.255.255
Unicast address (or 1ocalhost value) allowed
* opens direct point-to-point socket

Similarly choose port value

 Restricted to range 1 thru 65535

Other networking fields:

o multicastRelayHost, multicastRelayPort,

rtpHeaderExpected, rtpHeaderHeard X;I’)
3D

CONSORTILM

web
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Common fields for reading, writing

IsReader, isWriter, isStandAlone

* Boolean output events that can be ROUTEd within a
scene to indicate whenever networkMode changes

readInterval

+ time in seconds between checking for receipt of
DIS messages, intermediate PDUs are buffered

 Set to zero to disable reading

writelnterval
* time in seconds between PDU transmissions

* Set to zero to disable writing
web[3D X3D
COMSORTIUM

isReader, isWriter, isStandAlone provide run-time events of activity corresponding ton
networkMode="networkReader”, networkMode="networkWriter”, or

networkMode="standAlone”

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol
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Common fields for entity identification

Goal: build unique identifiers for each entity
+ sitelD identifies a given LAN or organization

* applicationID is unique for a given simulation

* entityID is unique to a given entity

* Background: siteID and applicationID fields are
used to create DIS PDU Simulation Address record

Thus entity identification depends on a triplet
of values, unique across all entities in that

application and in the particular exercise.
web|3D )<3D
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Common field: metadata

Each node can also contain Metadata nodes
e This is consistent throughout all X3D

Metadata nodes allow authors to add pairs of
names and typed values to describe content

e Possible option for annotating, augmenting
content in a valid machine-readable way

o MetadataSet, MetadataString, MetadataFloat,
MetadataDouble, Metadatalnteger, MetadataBoolean

Unlike comments, metadata value arrays are all

available at run time
web|3D
CONSORT LN

See X3D Abstract Specification Core Componentfor Metadata node definitions

X3D for Web Authors textbook includes a free online Metadata chapter
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X3D Nodes and Examples

3D

CONSORTILM
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EspduTransform: shared state

Exposes DIS ESPDU values as an extended
form of Transform node, matching semantics
between DIS and X3D scene graph

e Also integrates Collision, Fire and Detonate
PDUs since they are fundamentally integral
to entity motion

¢ Distributed shared state among players
e Primary workhorse node of interest for DIS
TODO: add, expose example scenes to show

various ROUTE connections for animation
web|3D

CONSORTILM
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EspduTransform: shared state

Exposes DIS ESPDU values as an extended
form of Transform node, matching semantics
between DIS and X3D scene graph

e Also integrates Collision, Fire and Detonate
PDUs since they are fundamentally integral
to entity motion

¢ Distributed shared state among players
e Primary workhorse node of interest for DIS
TODO: add, expose example scenes to show

various ROUTE connections for animation
web|3D

CONSORTILM
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EspduTransform: ID, network pane

containerFisld
| id1ildrer|

ID, network | Transform | Entity, event | Physics | Articulation Parameters | Munition 1 | Munition 2|

marking iloml ALY | Enhty]D
applicationID | |

enabled sitelD |° '

readInterval |0 1 port !62040
L

networkMode [networkaa ] multicast address 5224.2.181.145 .
|

writeInterval | 1 multicastRelayHost

ripHeaderExpected [ multicastRelayPort EU |

[visuslze | Accept | | Discard || telp

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol
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EspduTransform: transform pane

i Edit EspduTransform | & |
DEF @ |ET containerField
USE @ = [ | children

ID, netwerk | Transform | Entity, event | Physics | Articulation Parameters | Munition 1 | Munition 2

translation 0 0 [fo
rotation [0 [ o [{2 o

center |0 o o

scale (1 1 11
scaleOrientation 0 0 [11 [ o

bboxCenter U U [ {8

bbaxsize |-1 1 -1

[ normalize rotation and scaleOrientation values I

[7] visualize ’ Accept H Discard H Help ]
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EspduTransform: entity, event pane

USE @) | < I ichildren

BEE @ [ET contsinerieid ‘

ID, network | Transform | Entity, event | physics | Articulation Parameters | Munition 1 | Munition 2|

entityCategory iU eventApplicationID :1.
entitySubCategary irU eventiumber E_U
entitySpedific iU eventEntityID iU
entityExtra !Lu eventSitelD i_n

1 vevolee (accept ] [Lomed ] (e
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EspduTransform: physics pane

[ Edit EspduTransform

containerField

= Ichildren

i |

| 1, network | Transform | Entity, event | Physics | Articulation Parameters | Murition 1 | Munition 2

collisionType :U

deadreckoning IU [

linearvelacity |0 [ o

0

linearAcceleration EU |

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol
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EspduTransform: articulation parameters

containerField

1 !children

10, netwerk | Transform | Entity, event | Physics | Articulation Parameters | Munition 1 | Munition 2|

Farameter # Designator Change ID attached part  Type Parameter

0 | | | | |

£53 o Ce) Coom )

[]visuslize | Accept | [ Discard |[ Help |
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EspduTransform: munitionl pane

containerField
= :children

1D, network | Transform | Entity, event | Physics | Articulation Parameters | Munition 1 | Munition 2|

munitionApplicationID | ﬂ munitionEntityID EU

munitionQuantity |0 munitionSiteTD |0 |

munitionStartPaint |0 |0 |

munitionEndPaint |0 | |o |

detonationResut |0

detonationLocation |0 | |o

detonationRelativel ocation EU ! :U

warhead EU

e [acpt) (s ] [
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EspduTransform: munition2 pane

containerField

| échildren

10, network I Transform | Entity, event I Physics | Articulation Parameters | Munition 1| Munition 2

forcelD |PTHER. -
fired1 ;false
fired2 gfalse
fireMissionIndex 0

firingRange )

1]
firingRate 0
1]

'Fuse?

[] Visualize [ Accept ][ Discard ][ Help ]
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Bk mabegrates [esctoashity for the followsag DS PDUs: EatinSiate Pde Collvoalde DetonatePde FerePda
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] |[Borce I} 3ec eaa Type inpurCutpat, Bpe SFlatd2 CDATA “07)
[recinicisd 1I|nmr..k-|! sccess Tyvpe inpwiCuipat, type SFImt2! CDATA "0")
[—— |[eatiey Domain access Type ispurCutput, tvpe SFlnil DA TA ")
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[emtity Specific access Type mpurChipat, tvpe SFIn3 CDATA “07|

|eatity Fatra aceesa Type inputCutpat, pe SFlni32 CDATA “07)

[rexdinterral access Trpe inpafCOwipst, type SFTme CIATA <0,17)
hedondi betieen fead updaled | medns no feadng

|writelaterval arcensTipe mpurCutpet, rvpe SFTime CDATA "1.07)
Seconds berween wiite updates, O mears oo wrEng

|aetrerk W Tode secesn Type inputCiutpet, (aed AoasfnetrorkReaderinetunsk Writer) ~utaadAlane™|
(Whether thia entiy i inorng the petworks, sending DIS packets to the setworks, or recering DIS packets fiom
me etk (1) iandAlone igeor e nefwerk bt ol rewpond 18 sorets m szl wene (1) pefwerkReader Biten
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ackols b et 8 wesclnionad, 8ol oy madber rebry, Diefaolk vabes "itand A kone” roviirci that DS aetwenl
pcirration within a scene & petworkPesder or networkWiiter s imeational

nTonnd Linas:

HnStamd Alone accensTvpe catpaiOaly, tvpe SFBood (erusifalaed SFIXED ™)
| Whether networkMode="Tocal” (ignore network but sl respond 10 local events)

[ieX erwarkBesder aceessType satpurOnby, tvpe SFBasl (ruelfslee) SFIXED bl
| Whether metwerkMode="remobe” (it io nobwonk as copry of vemole ey )

S wrk T

||i.-|..'\im¢rk'\"-'riltr sccess Type outpuiOoly, tvpe SFBood (rrueiizlze) SFEXED ="
Whether scbaarkMode = ke’ (S 1o scbwol i maite ity o aetchteoal)

sdduwar

|address sccess Type inputOutput, rype SFString CDATA “localhost”|
Niuiticanl ackdecus, of chie Tlocaloit” Exaspde; 124 1 18] 143

|pert 2ccess Type isputCutpat, tvpe SFIned2 CDATA 07|
Nioihcast pont Examrgle; 02040

W i e

|maliscasiRelayHosi seceniTvps mpuifutpud, tvpe SFSinmg CDATA dINMPLIED
Falback serves a&&eﬂqnb_:ﬂnm avalable bocally Exomple: devo o3 nps sy pl
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(Whether RTP beaders are prepended 1o DIS PDUs
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[isRtpHeaderleard scoess Tvpe outpatCaly, tvpe SFBaol (tmecilake) sFIXED "7]
W herthey inc oming D15 packets ke an BTP header prepended

[izsActive access Type owtpmtOsly, oype SFBool (ree{alse) sFIXED “~)
Har wr eecrned a netwerk ipdate vrerstly”
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[tramslation acoeis Type inpetCurpat, type SFYVec M CDATA "0 0007)
Poiton of cluldies relstne 1o kcal cooddmale st gl read hiom (o wallen 10 remabs, netioeiond
ExpcuTransions sodes
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= leventNumber a<cessTyps mpatDutpat, Bpe SFIad2 COATA 07
P

|iv|. eatSaelD :un\'r]pr inp-lﬂ-l'.nr.. By SFlatd2 CHATA "ﬂ"]

articularea Parem sorrl sant

[artbculationParamederC omnt access Type inpusOwipet, orpe SFInaldd CDATA "6")
Foil srticislated parencter m arbeulationParsmcter W alkicl)

arvivs v Paramsceriieul gassr Lrray

[ariculatsParamsterDesignatorAmay acoessTyvpe inpwiQwipsi, tvpe MFIsid2 CDATA IMPLIED]
lrra of drgmatoes fon rach mtiodated jameter

artiiul Farsmectih Iadicaper Aamay

|.1r|i|r; ul.b:.r:luﬂnl"h.lgi!lﬂkﬂw.ln:g serean Type mparOutpat, rvpe MFEar2? CDATA
SIMPLIED]

Aray of change couniors, sach incremenind wien mn arScolued pavsmeter is opdaged SINPLIED]

arilinlisaParsmiterldPartAS s bed T ol rras

|articulatmomParameterldPartA ttached Totmay accessTope mpwtDutpat, tvpe M Flad2 CIATA
HIMPLIED]
dray of [0 parts that sach arboulited parametes i aftachad 10

|artbcubationParameter Typadrray acceiaType inpstOutpat, type MFln32 CDATA “IMPLIED]
Ay :!.:._-:_vl:'l:uu-e epanerations for each ariculsted parmmeiey c_i:i:scu:

articmlstieaFarsmesor Array

[articulatioaParameter Array acceaTape ispututput, pe MFFloat COATA sIMPLIED]

1ri_srticuletion Parameterh slwrd

[vet_articulativaParameterY alwel acceasTipe inpuiCaly, type SFFloat CTDATA #FIXED "7)

et chement of wser-defined pavlond amay

http://www.web3d.org/x3d/content/X3dTooltips.htmi#EspduTransform

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol

62



X3D for Advanced Modeling, http://x3dGraphics.com November 30, 2014

wer_arvicmlansalsraminery e [z articulationParametery aluel sccessType inpeiOuly, type SFFloat CDATA #FIXED "7]
Sl clenicet of wier-defmed pavdasd array

ort_sriiealetioal aravser Y olne I!"_Ink‘llliﬂl?lrilll“ﬂ:lhl:: agoess Tvpe inpwiOuly, tvpe 5FFloat CDATA sFIXED <)

- el et of wver-defimed paykosd aas

ur_anislasaalaramee Valeed [set_articulativalarameterValeed acoessType inpeiOuly, orpe 5FFloat CDATA SFIXED ")
Sl it of wier - defmed pudosd mray

vet_arthulasbonParameserValeed |2et_articulatioaParametert alued acceiaType inpeiQaly, type 5FFloar CDATA sFIXED 7]
St element of wser- defimed parlosd smay

wrt_articulstinFaramrter y alers [net_srticulatioaParametery alees scceiaTipe inpmOaly, tvpe $FFloar CDATA oFIXED ")
Gt adement of wser - defimed parkosd armay.

wrl_articulationFarumreer§alec [vee_articalationParametery aloed acceii Type inpaiCaly, type 5FFloat CDATA SFIXED 7|
St lement of wser-defived pavlosd ey

ari_srticulatissParamrier Valer 7 [vet_articulationParametery alweT access Type inputCaly, type SFFloan CDATA SFIXED )
St element of uer-defmed parkond sy

srticnlataParumeterysles_changed [artsculatioaParameter abael_chasged accessType outpuiOaly, type 5FFloat CDATA #FIXED ")
Gt st of uner-defied palasd seray

artcalasaFaram o risles! chamged [articulatioaFarsmeteryVabuel chamged accessType ontpuiOnby, tvpe S5FFloat CDATA #FIXED ")
Irt clement of user-defoed pariond srray

ermculanaaFaramane ey ulee?_chenged |artculaticnFarameterValeel chasged accessType ewtpuiOuoly, type SFFloat CDATA #FIXED ™)
et shenest of user-defmed parlosd aray

artisulanalsram ey sledd_chisgd |articulyiosPrrameieryaleed_chasged accewaTyvpe cutpoiOnly, type SFFloat CRATA sFIXED “*)
Foreet edemimnt of ey - dafmed pardond Ty |

wriicnlstmParameteryslecd_chasged I:H'q-uhi'n:?mn:“'r\':hl-l_ri::'ld .urruT}'p! nll]:.l’ﬂll:-, Bpe SFFlaan CHATA sFIXED ""I
et edemesnt of user-defined pavlond srrar .

priicnlsSsaFarametrrValeed chamgnd |.1.'r'|.lhiiﬂ.Fu:mﬂIr\':th_rh:.lld accean Type outpatCaly, tvpe SFFoat CDATA sFIXED 7]
st sbement of user-dafied pardosd sy

prtiznlatsenFarametery aloed changnl |asticulaticaParamsterYaluel chasged acconaType cutputOaly, tvpe SFFloat CDATA #FIXED )
10t element of user-defined payload srray
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wrnrelsnisaParumaery e T_changed

[articslaiionParameterValue? chawged accessType ouipatOnly, trpe SFFloat CDATA #FIXED "")

et glienint of uier-defined pandosd ere

i nairmdd F dd

FeomtaimerField: NATEEEN “children']

smpammrr Fold u ther feled-Laburd prefis e sfmg eelatiom i3y 1o paest nodr Exampdes geometn o chdden

Woroeap, peroory Shape comtsnerFisld ssribuaie B only supporied & XML sncoding of N30 scenss

[elais COATA SIMFPLIED]
chass is o space-separaied Bt of classes, reserved for mee by JOML svieshects. dlass atiribute is ool sapported n
ML eacading of 3D wenn
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ReceiverPdu

¢ ReceiverPdu transmits state of radio frequency
(RF) receivers modeled in the simulation.

e Exposes fields for ReceiverPdu node

||
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ReceiverPdu

HeceiierPdu is 3 astwerked PO informeatoen node,

LA

[DEF 1D #INFLIED]
DEF detyees 2 umque [ name for thes sode referencable by ofver nodes

Hint: descrpttes DEF names mgpuove clwity snd belp docrement 5 madel
[USE IDREF sIMFLIED]
L5 mneans reuse mm abeady DEF -od node 1T} ignorieg_al_ othey amnilnary s clddm

ai LS Eng other geometry (Emiead of dopheating soder) com enprove performancs
da MO melade DEF (o aoy ofieer aftsilnate vakees) when ming 5 USE anrines!

Fasiled

[emabled accessTyvpe inpuiQwipwt, tvpe SFBool {trueifalse} “mrue™]
Enabioy doabdes e vovor pede

= e

|whicheamarry secosa Tvpe inpeiOuipet, npe SFInc! CDATA “17)
St pecanetry 40 render -1 for o0 peomesry, O Sof text race, [ for defaul pocometry

fbaal rmier
T
sitrlD)

e a———

[BboxC enter aceees Type Snitialine Culy, type SFVecIN CDATA "0 07)
IB-.'Lr.n.‘:np hox cempter poaition offesl from orgs of kocal cocedinaie ¢

il

[bboxSize sccesn Type mittalizeChaly, type SFVecIN CHATA -1 -1-17]

[Bounding box sice: motomatically caloalated, can be speciied as an optmizaton or consaint
[sitell) acceis Tvpe mputChitpat, bpe SFI32 CDATA "06")

EntirID) sine

[application]Dy accessType inpatChwipet, trpe SFIa3) CDATA 1)

EntaviD} sppbenton 1D weique for spplication af thal ide

enmin Al

http://www.web3d.org/x3d/content/X3dTooltips.html#ReceiverPdu
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[readlsterval accevs Type lmpurCutput, tvpe SETime CHATA "01"]
Seconds berween read updsies, 0 mears no reading

[reritelaterval scoeia Type inpetOutput, typs SFTime COATA =107
Seconds between write updates, { means o writing

[aetworkMede acceiaTyvpe mpetOuipul, (standAlosesviwerkReaderaetwork™ nter) “stand Aloae™]
[Whether this eaiity i gnoving the nebwork, sending DS packets 1o the netaork., of recening TS packets from
The etwork. 1) RandAkons: sgnore oetwork bt 5l icipond fo ovmtl @ local soeee. (2] ectworkRcader: batsn
o petworkc and read PON pacioets af readinterval. act as remote copy of entity. (3) nerwork Wikter, send FDU
ipacketi o netwxk &l waelaterval, act & manier ety Dl vados “slandAbose” enmmes that D15 nctwesk
activation withis a scrme a5 netaorkFleader or networkWriter is imtentional

RE R LT

[iStand Aloae accesi Tvpe oatpatCaly, tvpe SFHaol (mefalis) AFIXED "7
Whether netwerk)Jode="lncal” (iguore network bt wsll respond 1o loenl events)

' i Eias

[isNetworkHeader accessTvps cwtpatDaly, ovpe SFBool (pree/lalse) sFIXED ")
Whether perweorkModes"r rmce” (Saten o neraerk: ay copy of comete entev)

b T

fis™erworkWriter access Type owtpstOuely, nvpe SFBoeol (reeifake) sFIXED 7|
Whether netwerkModes="manes” (ougad 1o octneck 81 mastey entgy al wvile [ateral)

sddresn

[address accessTvpe inpwiCatpat, type SFString COATA “locallbosi™|
hfikor il addbwid, o chic "localhoal” Exsnple 124 2 181 145

[port access Type inpeiChatpst, yps SFIs32 CDATA 0%
hfidocai porl ciaaple: G040

[multicaniRelayHeat acoenaType inpai(barpat, npe SFSering CDATA #IMFPLIED|
Falihack derver sddmeis f mileeit nod seslsble localle suample: devo oo nps nacy mi

i B ar Peed

[multicanRelay Port acceiaType inpet Oetpat, type SFIe32 CHATA "0"]
F alfcl server port f mmalsicast nod avaslsble locally example 8010

T -

[rtpHeaderExprcted sccesa Type initialiseChaly, type SFHool (trusifalue) "Ealie”]
Whether TP headers me prepended to NS PIHs

S ——T—

[inRipHeaderHeand aceriaTrpe outpatCaly, tvpe SFBssl (raefalie) sFIXED 7|
Whether i< onsing DES packets have an RTP header prepended
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L ActnE finActve acconi Tyvpe outputCaly, p-n- SFBool {trus{islie) ¥FIXED "]
‘"\..r v we bad a net ﬂ. u1.'h.1_|e re -\.""J.‘.

l.l.l r'lll“-! 3 [Inm wlamp :frr\-n'.l'\r- u-lp-ﬂ'hh Iy p-r\-ﬁ} I-v i I!IA.IA. Il} I\I ]} =1 :

OIS fmectamp in VEME ity
el [rldlc-lli accers It'rnr n:mlﬂnr_nnr rpa "1I Inr\' i l] -1.I -\ =i |
e Irecan -r\dP‘cm er :frnuT'ql! enprut{utpui, fvpe ‘||' rlml! f HATA ﬂ |
S Ireceiy H\law access [vpe upu;(.ﬁ;l.q;ur npe S&I'Il:'i} K.D '|.'I A" I] |
v i Td T JirzaimitterSde D} sccwiaTivpe mpetutpat, Bvpe SFLa2 CDATA "07)]
PTERIE T A ppi ariamll [In-umlrlrr 'ip;pll-: :mc-ulD :u:-rﬂs'l'-. I |lpu|Dn1pI1 ope SF]mJ 3 'l: D\.T"u I'-I i |
e Lo |transmitter Entite I access Tspe mputCutpat, tvpe SEln2 COATA 07]
= e by Ll el T EIranlmlllirR:ﬂlﬁ'n ::ruuT\]lr |q|nl.'Dul]|nl tvpe SFIatd2 CDATA =07)
p——y JoontainerField: NATOKEN "children™)]

ot Facld o e hekd- bl
l..rimu PO *.-hcn'.r' conl:
chue fedzsn CID. !.'I'.JL SIMFL I} I¥|
ciass is o space-separated Bst off classes, reserved for use by XML stylesheets. class anwibute & ooly supporied i
ML recoding of XID scencs

iy chic sting selationabip to parent node. Evasgles grosnetry Bos, cdlden
Field anribute is only supporied in XML encoding of 30D scemes
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SignalPdu

¢ SignalPdu relays the transmission of voice,
audio or other data modeled in a simulation

e Exposes fields for SignalPdu node
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SignalPdu
DEF

I'Hrgh slT".lu i3 a mo seworked PIVD mmlormartion soede

IDH Il:' "I'| [FLII. a]]
[FEF defines o msique 1D name for thin pode, referencable by otber nodes

Hint: desciptie DEF nssei mprove daity sad belp docmnont a mode

[USE IDREF sIMFLIED]
L'SE medn revide an abeady DEF -od iode (1), pmormg _all other afilvided and chliren
line: U'SEing other peoenetry (Entead of doplessng seden) com mmprove performance

o NOT melads DEF {or porv -:ﬂm ariboie vakess) wiesn wiing & LUSE amribose!

reahled

||emshled seceseTope nputwtpai, tvpe SFRool {trusifalie) "trus"|
|Enatdes/'daables the wensor node

B
Vhaal emier
baasaer
sliel

pr———

[ whickenmptey accwss Type inpatChulgut, fpe SFla? € DATA "17]

"-rl‘ﬂ St‘f"’.{‘ﬂ' L I"ﬂ_‘!ﬂ 0D PNy, '.'.'H '.!.I\.I Dn\ e, 1 D\JE d‘n.n.? rdl\.'l'l.l""

T 'Ihbm.". enter atrn!'li- pe miaahueCialy, l'-p-r-b}"l w"li [.l.’t TA "':"'.'I {1 |
]Ew.u.‘m..‘a-u cemeT pﬁlm:vﬂm I.nm: orEE -x Yecall cooedinats srviem

|Ihbc11‘5uf Ju.'l.u'[t pe nllulu#ﬂlll- hpe 5 F'u w:‘l"'. D‘| l' A" l I J |
:L'\-Ii.‘-iff box pre mecemationly ralolseed, can be epecicd 51 an opaminasan or conran

T l|1-|rell!| Jtﬁu'l-'-'pd- uplrﬂn:pl;l ype BF Il.l'l" CDATA "D [

|rrIE 1D wie

||.1|)-_|:-I|-:amll]'.* FCLEST l:'p-t- |up||0mpqr| e 'LF!I.L! | C D\T\ "I"]
|ErtlL) mypbesson [ sediqur fon applcation o Sal e

Fumin [0

IIﬂIH’:. 1D access Type inpwiCwipat, rype SFIsid? CHATA "0"]
[E

1D e 100 for oty withis ot spprlas ticns
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el i readiaterval sceeus Tvps inpatCutpat, rrps SFTimse COATA "0,17
Secomds betwers read wpadates | 1 means no reading
wreslaan [orielaterval sccenTipe imputDuipet, tvpe SETime CDATA " 107
Secomds between wrte updates, 0 mess po wriEng
e InetworkMode accennType *-nﬂh;n.l. [standAbeneinetm Ml&.“l.‘\.‘lﬂll‘il!l'ulk‘l{';l-r-j '_ll-l;A_lnn_lT

Whether Bz enity is ignoning the nerwork. sending IHS packets to the petwork, or recermg DIS packets from
the sctwwk. (1) sasdAknc imore sctwork b sl reigrond 1o ovoeby @ kecal some. (2} notwsckfoada: b
o setworks and read POA paciets ot readisberval, act a5 remotr copy of ety (3 network Witer, semd PRI
ackets Lo nefurork ol wieloterval act i Sibey’ entdy. Diclnll vakic "indAlone” corimed thal TS aetwork
s vaton wiken & scene a5 networkPeader of setwork Wnier & Edentonal

T L fustandAbsne access Topes smtpatOaly, tvpe SFRool (brueifalie) §FINED ")
Whether merworichfode="Tocnl (ignore nernerl: ber vl respond wn jocal Foreen)

[ i finNetworkReader accews Tvpe ontpuiOnby, trpe SFRool (rroelfalee sFIXED %]
Whether serworkMede="semete” (Biten 1o etk as copre c:_l‘:mqr ratyh

il fisNecwnrkWriter accessType swipetOuly, tvpe SFBool {trusiizlse) ¥FINED "]
Whether actweniodes"sbila” (st 16 scturdk & meiler calily & wrdclaosall

ublreas [address accessType impurOutpun, fype SFStrimg CDATA “localbost”]
Pufisite ant acheeia, or chis Tocaloat” cxmople 174 1 151,148

et [port accews Type mputiCurpat, type SFInik} CDATA =07
Dhiidticant port cxample: GI040

ol il Mond [mubicastRelayHost accesi Type imputOutpat, bipe SFSinag CDATA SIMPLIED]
Falhack server addvets f wmalcast nol meadable Beally exmmipds” dovd o5 npd any oel

rlincxsdisbeyPeri [malicauRelayPort acceu Tyvpe inpoiOuotpet, npe SFInd2 CDATA =07)
|Falback server pori f nroiicast pot evelabls localy evansple: 8000

lladn Lo rtpH eaderEapected scoess Type initialiseOaly, trpe SFBos] (trevilalie) "fake™]
Whether RTP headers mre prepended to DIS PDUs

] liRpHeaderHeard acceis Tvpe eutpatOaly, tpe SFBool (tuellalie) *FIXED "]

Whether mooming IN5 packets bave an RTP brader prepended
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Ao

[isActive accessType uu1p1.1-li)|h. r..'\.'pr"'!:}.'-llc-n.l ;’n:w,rzl.':t.l.r;i'lxlzi}-:' '|

Have we kad a oetwork updale secenth?

s N

[timmesiamp access Tvpe outpuiOnly, tvpe SFTime CATA «FINED ™)
IS tecitasiap VLML wts

radislll
m————

T

[r:r.ll:-[ﬂ ace r\-l'\T'lFIl u:p-lﬂnl-r-l bpe SF rnll‘ I: “A..]: e I
[rumdlugﬂ:htur ace ﬂ-s'l'vpo mwll}lrp-l type ‘.-Fhl"-‘ ( n ||.'|' R |
|_Id.|'|:\ n= a.rrr“.[\pf upnl!h!pnl. evps S5F Ill"'| l. ]J"ﬁ TA " |:| |

iyl Eate

vamplen

[sampleRate sccesaType inpatOutpst, fype SFIad)2 CDATA "0%]
[samples accessType mputDurput, bope SE rnr"-‘ i D '|.l I|. fl |

demal rmgeh

[datslengih seceun Type inputCutpat, fpe SF1a132 CDATA "07)

sy

[re———

[data access Type inpwtCwipuet, tvpe MFIna32 CDATA #IMPLIED)]
[comtaineriehd: XMTOKES "children™]

arbamer Feeld o e firlal Labor] prefin, ket rr11h.—u_'1'|| 1o parrr pode Framgples promsety Bon childeen
Crcamps, paroocy Shape. comtenerk sl asnlnse & coby supporied i XML encoding of X500 scenes

chann

[ekans COATA SIMPLIED]
ciass is o space-separated Bl of chases. reserved for nee by XML syleshests clas afiribote is ooly sapported m

el recoding of X3D scenen
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TransmitterPdu

e TransmitterPdu provides detailed info about
a radio transmitter modeled in a simulation.

e Exposes fields for TransmitterPdu node
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TranymifterPdua

TransminterPdn s 2 setworked PDU informution node.

November 30, 2014

IneF

L'SE

[DEF 1D sIMFLIED]

:T.I-'F defines o migoe [0 same for tia node, referencabie by ofier nodes

|| d" IR I:J.L. BADED EpEOve .:d'f and I'v.-._r:-_-:J-'.-_\':r.y.'r.‘ '_mi'l_

|l \F IDREF SIMPLIED]

a."s' memnt retiss an alesdy DEF o4 sode 10, ignonng _all_ othet afvitofes and childran

I|| mi: USEmg other promctry (entead of doplicabng noder ) cin mgprove pesformence
ning: do NOT :-Ju-d- DIEF for sty other aftribats valied) when iding a USE afiribuste!

{|enabiled scoeasTops mputCutpst, typs SEBool (brasifalis) trae"]

_I'I.'P:\‘i disables the sonsmr mode

|v.l:rl.{ pometry accein [ vps IﬂPI“}IlPIl vpe SFl=32 CDATA "17]
iSalact peometry bo render - | for no geomeny, § for texi race, 1 for d=faml geometry

eral cmier

_Ihb:ul; enter acoeia [yvpe mataloeCaly, tvpe SEVec2d CDATA "0 007
Boumding box, center position offse from ofign of local coordisale sysiem

W Sice

\[bisox%ize access Tvpe matralizeOundy, tvpe SFVecAMCDATA ™1 -1 -17]
(Rowdnp bay wre metcematealy salondwed canbe qeciied 30 80 opETERanon of sesal

kel

:|1-ir4:~II:| access [vpe mpatDutpat, tvpe SFIoe®? CDATA =07
eI wee

[r———

enzir {03

:Iapplju: ationlD} sccess Type mputCuspat, pe SFIne32 CDATA "17)
{EcteyID sppcation I, e for mpplication of that st

:|vu1|n 1D aiccess lvp-r upllﬁulpﬂ ype SFlat32 CDATA "0° r
{Entiey 100 wmsiqque 30 Sor rmtity withis tha sppde stion
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[readinterval access Tyvpe imputluipat, vpe SFTime CDATA ™

Socondi between read tpdates, 0 messi po readng

"l

o [emitelnterval accessType impusOuipsd, oype SFTime CIATA "1.07]
Sec .'ﬂn betwesn u:'ﬂ_r_-.‘:n_tfq:.ilwmn Bf WiitEg, - - ]
Pl |merearkdode secevsTyps inpatOwtpat, (vasd Aloss network s sdermetwork ¥ riter) ' stand Lloas"]

Wy hesther ths enibity i igmorig the metwork, sendmg [NS packets 10 the setwork, of recenang DIS packets from
mhe nerweek (1) stmnclbons: ignoee petworls bt sl respond to events i local iceme, (2) petworicR eader; Buten
2o network and read PDU packosts af resdlmanval 51 &6 remobe copy of antty, (5] sebrork Witer sand PIU
basckoeti bo metwork o wrdelpieral sct an nuier eobly Defnd valos "ulamd Abone” enmmes that DS netacek
acinvaion withn a scens as setworkFeader oo networkW niter is mbentonal

i [nStand Alone sccesn Type ootparCaky, fvpe SF Bosl (trowfalie) dF1
Whesther netarorkNode="local" (ignore s=twork bui sill respond to kocall evenis)

 — [N stwerkReader acoeia Type outpatUaly, tvpe S5FBsol (rueilahe) SFIXED 7|
Whesther networldvode="remote” (Eien o metwork a3 copy of pemote entity)

e e [N etworkWrater sccets Tope outputOuly, vpe SFBaol (irecflalse) SFIXED 7]
[Wihsether netwoekdode="msmer" (catpat to network 03 maser entity af wryite [nterval)

i ress acces sl vpe dnpad o g bring AT 2 by

wddrs [add Trpe inputCruipet SFString CDATA "localbest™|
Ndulticast adckenn, or clie “localhon” exmmple 234 2 181 145

Heart [pert ZecessTvpe inputCuipat, rvpe SFInad2 CDATA 0]
it 2t prond examgie S04

ey e |mmlticastRelayHost accessTrpe inpatOratpai, trpe SFString CDATA #IMFPLIED]
Falback server addkess f muibeast oot svalabls locally cuample devd ci mpi ninvy il

mam Ll P [euiticastRebsvPert acesssType inpatOuipst, bpe SFTaal2 CDATA "0"]
Falback server port f emliicast not avadable kocally example 2010

e ] |rtpHeaderExpected accina Tupe mitializeClaly, type SFHool (trusilalis] ~Eahe"]
[Whesther ETP headers are prepended to DES PDUs

s [nRipHesderHiand sceeis Type outpatOaly, pe SFBesl (ireelalie) SFIXED 7|

Whether mcoming D15 packets have s RTP header prepended
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X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 75



X3D for Advanced Modeling, http://x3dGraphics.com

1ot

| Active sccessType outputtinly, tpe SFBool (reeilalie) SFIXED *7)
[Have we had & metwork npdate recenth?

fimriEmmp il!lmt stamp accens Tyvpe outputDaly, tvpe 5FTime CDATA #FIXED ™)
DS timestmng in VEML it
radisdl}

prrergE——

|iradiollD aceessType inparOutpat, ype SFIat32 CDATA "0"]
|[astemnal scation soeeisType inputCuipat, tvpe SFVecdf CHATA "0 007

inman Pl g

|lawteamaParternL ength access Trpe inputCwipst, trpe SFInidl CDATA "]

[ o)

p—

[amtemnaPatteraType access Type inpuiOutput, type SFIatd2 COATA "0"]

lervptoKey I scceun Type inputCiutput, tvpe SFlaad2 CDATA "0"]
i {[eryptoSystem accessTvpe ingurOurpat, npe SFlaed? CDATA =07)
e _|frequeacy accessType inputOutput, fpe SFIati2 COATA 0]
i |i=mpurSenres secoraType inpaiOurpat, rrpe SFIw1? CDATA "0")
|"'I{|':M|':‘_"L'='_u7'"'-"“" _i|I_rlrgrh_qﬂiml_:rmnl’aunrrb_r_s n_'h:_e“_'l':-_?r i!pl_ill)ﬁp-il. tpe '_l_FJﬂ!! [ D.}.I.'L "!'.I':]_

PR ——

S T

TypeDetzl accenaType apunuiput

m'i'\]'rr"lf:p:ﬂ an:n-s-l'l"upr |u|1u|ﬂl.1p||.1 e \E]..q-’lif TH.T[-IL "u.';l.

s latida Trpe praad o paétram
s ——

prEEr

oype SFlne3l CDATA "07)

| !Ill-n-dnmi-m'l.':-'prﬁmﬂd_‘inw.'rrum_.l!:-:e?:!_'!'_rg_t I.!,D_UEU_I_JI'UI.II.

alaticaTypelyatem acc e Empuatiing B
mpe SFFleat O
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r.hd.:r:n:h 1 I.pﬁ Jrum
r:du[ mif T p-.-{ ram

r.|.l-'.|| :u-_|1l'p.|:k|u.|l

[rad»i llln'l'-'pt( ategery acce !-!]'l-jn} u;-urCluq:-ur ope ‘Gflur't‘ [D 'I.T A "I]' |
[radisEatity TypeCosntry access Type inpetCutpat, type SFlatd2 CDATA "07]
[rade=Entity T-.|h-fbnmm access | ype inpwiQwipat, tvpe SF Int}2 COATA ° {I"|

1 diLats Trpukind

wudial mifity Tope ™ oomorins birtmrw

lradiaFatiny TypeNomenclainrs accetsTrpe lpuibutpst, ups SFlar)? COATA "0"]

raeldial w1 vpet ™ emeknarLirer e N Eruien

FradisEntity Type N omenclytwre Version access Type impurCutpus, rvpe SFIned2 CDATA 07|

n'hlr'-r 'IlIluIlLv::‘uI

rrasvminl T ener s Hih

|
Jradis Entity Typelind access Typs ipurOuipat, fype SFLa CDATA 707 |
[refativeAstennalocation acseanType inputOuipat, type SFVecd CDATA "0 0 07 |

ll:J.anll:Fr*qur-n E.udl idih accexsTvpe mpurCiutpat, tope ‘il-'fln:u: I.' FIAT.I IZI-I'I |

clann

otk accicey L yps: St Mgl dyps. e hel CILACR)

i node. Examples gecanstry Box, children

sf XID dcemei

conimnerFreld i frebd- labed prefin mdic amng relabonshep i par
Kroop, proy Shape. contanerFickd anribute in only ngpported in XML encoding ¢
fl:l:iu CDATA SIMPL IE'D'|

wrparated Bat of clepsci, sevmrved fov vie by XML sndeahestn. elain asnlbise 5 oaly supported =

T ——

x.\r_ encodng of X¥D soenes
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DISEntityManager

DISEntityManager node notifies content when
new entities arrive or current entities leave

e Identifies multicast address, port as well as
session identification applicationID, siteID

e Contains list of DISEntityTypeMapping nodes
which define entity filters, correspondences
for each uniquely defined exercise

[ e DEEramyrager -

[obk -] [} erT e ed

ua

] e

o i
LSl S b § ¢ il il S LY o L i il
web|3D .
CONSORTILM
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DISEntitvManager

DS Emtity Manager node notifies costeat whea oew eatifios arre or curreal entitsey beave

DS Esiigy Manager may comiain any sumber of DISEatiey TvpeMapping sodes. Incoming maiches
||:-adn|.|r |1.|n|l: run I.E:r-rm n-n-dln. tealaming Ihi roTe [mn.l.mn 1.'-5 mudl |

[DEF ID» #IXIPL ]'F (1]}

DEF defmci a wmmgue [} name for i mide, iefmencabls by other nodes

llimt: desoriptive DEF names improve clanty and belp doroment o moded

[USE IDEEF #/IMFPLIED]
USE mesn rewe mn sbeady DEF -od nods [, ignoring ol other mwibaies. s childres
Hist: USEsg other gaometry (mstand of dephcatng sodet] can mgrove parfonmans

do NIOT mckide DEF (o any otler sl e vabars) wheen gimg & USE sitsfbaie!

viselTH

[sielD sccess Type inpetOwipet, trpe SFlnidd CDATA “6Y)
Extary [T} sae

[er—

drens
i)

v e F ki

cinun

[application] D} accessTrpe inpwtCuiput, type SFlutdl CDATA "17]
[Extity (D) apphcation D)

e Bom sppiScation o that site

[addlﬂt arcess Type uplll'!lrpll npe ﬁF\:nui'l']'.l'\T A "hacalvost™ |
-1ul"\.:|s-! .ﬂ\.h"u o 'I.'.' a:w.'n:ll.;:-l r:.ml;' 2
L'purl Jrran'h Be |uFIﬂ-IpI| ype ';-F]-IL f EIJLIA "U"I

'-Iubcas-z port e'-..cl.u:rl* i

[comtasnerField: N NT li}h.l' ™ “childsen']

-.-Hi'Hr'frné--\:l B the fiald- lnbel prefo; mabeatng relanomdip o parent nods . Eusmples: promesry Box, cheldren
1:|||— sl ammbte m gy vopported m AML meedng of A3D sotnc

D)

1-| "'1:1"‘

[tll:!.

Lasn in o dpace- beparated B of ladded, prisseed for whe by MMEL abdeiberts claad aftribede i ool nippented m

WML encoding of X3D scenes
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DISEntityTypeMapping

e Exposes fields for DISEntityTypeMapping

e Provides correspondence between detected
entity identification fields and X3D models

FE‘I et DS iy Typeidapiing “

o B i il
U

It [re= Lk Appand || Remoes 0| 8| kel s

ety URITED_ETATES
Ao WLELSIAT
LA
warf il HLADGUAKTIRE
msnrtagary GTpA

i 4 4 4 9

Ll L] i g
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LY e T gt g g

DISEntity TypeMapping maps received DIS Estiny vpe information io an X3D sodel, thus providisg
wivaal sl hekavioral reprevestaieas matchng recenved packiets. Fields are procesasd in order: kasd,
Momain, couniry, categery, subcategory, specific, extra.

Hiag: 0 valmes are wildcands, All valees io the sndeced Bt sl ke O after the Grat @ i defmied.

T

|DEF ID sIMIFLIEDY]
IDEF defimei a waque 1D name for 1t sode, idftrencable by othar aodes
lint: descriptive DEF navses imgeove clwity and belp document a model

[USE IDREF sIMPLIED]

IUSE meany reuse ms akendy DEF-ed node 11, ipeoreg ol other asvibotes snd childeen
ilint: LSEng other gecmetry (maead of dupcating medat) can mprove perfonant:

W arniag: da NOT mekade DEF (oo maﬁrr.ﬂ!lin.lr\]hﬁ:l'lhmnglrﬁi abtriear!

[l accessType inpwtOwtpat, type MFString CDATA SINFPLIED]

ilimt: Strisgs o have muliple values, 1o separate each sirisg by quote marks | “hep: waow il oeg”
et wrwens 2 corg” “ete ” |

[lime: SML encoeding for " & &quot, (a chamoer ensiy)

W arning ibncty maich & ectory and enne capals ssoe fre bt Bkl

[ini: can replace smbeddad blank(s) n ol quenes with 2220 for sach blank character

[kind access Type inputChatpat, brpe SFIaadd CDATA 07|

|demain seeessTyps inpatOwipat, trpe SFlnid2 CDATA "]

[coumiry access Type inputChwipet, tvpe SFIni? COHATA "0"]

[category accesa Tipe inpstOwipet, trpe SFIar2 CHATA "0")]

[subCategory access Type inpuiOutput, type SFEnt3 CDATA “07]

[wpecific access Type inputCwipai, tvpe 5FIm32 CDATA "07]

[extrs sccaisType inpeiCulpst, type SFInt32 COATA "0"]

[contaimerFicld: NAMTOREN “childrea"]
contarecy Ficld i the Seld-labe] profis suScating relaticomb 1o parest aode. Erasplei: poomety Box, childien
Wroup, proxy Shape contsinerField atribote i caly sopported @ XML socoding of X3D scones

elaaa

|elass CRATA SIMPLIED]
brlores s m gpace-sepanated fat of dlasses, reserved for mee by XML stviesherts. chiss attribate is ooly supported in

XML encodeg of X311 icene
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back to Table of Contents

Applications and Examples
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Setup: Microsoft loopback adapter

¢ Unlike Unix, Microsoft Windows does not
have multicast loopback turned on by default

e Special setup thus needed for solitary testing
* Conflicts can emerge when also using Cisco VPN

» Help page provided by AUV Workbench

?"!?_ o Cortesl Fensl v Meiwerk gnd ldemet 1 Netwade Canssrssns = |y £arrn LpT e ey |
T_:- foe o= Joch Advgeed ielp
Chgarse = BT - i 8
v oo dnyConmact VPN Clent s ol dres Consactan = Wultioas leopheck sdepbe
l"‘ l:n’-w:pn L ‘!,l' Frtovork bl o h! idgritEand Satwarh

& Dl W b, 3 -

‘; Wiradisig Blebusdk C2nnechen (= Wil Mtk CopddBan |
Lot edndd h ot i
T S L AiN xd P Virtusd Wi I .

Feedback thread link

November 30, 2014

TODO: consider allowing 127.0.0.1 loopback address as a supported option to multicast channel,
sidestepping multicast impediments on Windows when performing simple testing on localhost
only. Potential issue: handling multiple readers/writers. Example implementation already exists

as part of Xj3D.

Does the windows 7 loopback adapter support multicast?
http://stackoverflow.com/questions/7162288/does-the-windows-7-loopback-adapter-support-multicast
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Network interoperability

e X3D Anchor node functionality matches
HTML anchor element: jump or bookmark

* Planning new capability: refresh/interval, similar to
HTML refresh, to improve server-side interaction

e Support slowly emerging for DIS protocol

« X3D-Edit: PDU player/recorder, PDU generators

* Open source OpenDIS codebase Java, C++, C#,
Objective C (for iPhone) and JavaScript

+ Integration with Sun's Darkstar massive multiplayer
online game (MMOG) Java server — NPS thesis

« Active work: JavaScript, Websockets, HTML5
web|3D
CONSORTIUM

Anchor refresh capability proposed for X3D v3.3:

November 30, 2014

http://lwww.web3d.org/membership/login/memberwiki/index.php/X3D_v3.3_Specification_Changes#X3DUrlObject_abstract_interface:_refresh_for_scene_reload
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DIS Networking Test Panel

e e e
AR HunwelaBie

B e LT T e e
= A mrme e my L R e e e o —

Distributed interactive Simulation (DIS)

E = = .'..':_ b -
] _.E-_:;-:..::'::. Entity State Protocol Data Unit (ESPDU) oL
e Test Panel B,
e ) 8 bt Mertn,
s Translation along x-axis by -20m, to lef s R,
N —— Ritation abowl y-axis by +20° counter-clockwise e
-~ e .
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X3D DIS Implementations  More

work
X3DOM: work in progress needed!

Xj3D: open source Java

* www.xj3D.org

* Embedded in (and launchable by) X3D-Edit
Other players to follow?

* BS Contact, InstantReality, FreeWrl, OpenVRML
Feature comparison available:

* Player support for X3D components wiki

3D )<3D

web
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Obtaining example scenes

Primary: X3D Basic archives,
DistributedInteractiveSimulation directory

* http://www.web3d.org/x3d/content/examples/Basic/
DistributedInteractiveSimulation

* Under version control at Sourceforge

Also some in X3D Savage archives, located in
various directories (such as Scenarios)
* https://savage.nps.edu/Savage

* Maintained under version control at NPS
web[3D X3D
CONSORT LN

For NPS students, staff and partners, some additional DIS-capable X3D scenes and
scenarios are available on the SavageDefense X3D archive

* https://savagedefense.nps.navy.mil/SavageDefense
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Test shape: TestCube.x3d

Simple shape with labeled ImageTexture images on each side, no DIS included

[ eeaie sl 1e

i
Fep————— =l
3 -G !""E-' Fasim
PRI 7 e e T ——
-

Available at

http://www.web3d.org/x3d/content/examples/Basic/DistributedinteractiveSimulation/TestCube.x3d
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Paisma X

X3D-Edit DIS support ===

X3D-Edit authoring tool includes multiple
support capabilities for DIS usage

e Edit panels for X3D nodes: EspduTransform,
ReceiverPdu, SignalPdu, TransmitterPdu,
DISEntityManager, DISEntityTypeMapping

e DIS ESPDU Test panel for sending values

e DIS Player-Recorder for recording, playing
back, loading or saving packets

e DIS PDU Sender Test menu selection for
sending one of each PDU type availabl

November 30, 2014

3D

CONSORTILM

web

X3D-Edit networking functionality menu:
* X3D => Networking =>

DIS PDU Player-Recorder, ESPDU Sender Panel, and PDU Sender Test

X3D-Edit drag-and-drop node editing palette:

[+ Grouping

¥ Viewing and Navigation

1+ Appearance, Material and Textures

i+ Geometry: Points, Lines and Polygons
17 Event Animation and Interpolation

[+ User Interactivity and Sensors

[+ Ewent Utilities and Scripting

I+ Geometry: 2D

[+ Lighting and Environmental Effects

¥ Environment Sensors and Sound

1+ Geometry: Triangles and Quadrilaterals
it Prototypes

17 Computer Aided Design (CAD)

[ Distributed Interactive Simulation (DIS)
,—{" EspduTransform DISEntityManager

DISEntityTypeMapping ¥ Receiverpdu
SignalPdu e TransmitterPdu
1+ Geospatial, X3D Earth
I+ Humanoid Animation
[# Rigid Body Physics
1+ Follower nodes: Chasers and Dampers
i+ Shaders for GPU Programming ig
¥ Tools: Basic X3D Examples
¥ Tools: Savage X3D Examples
1+ Tools: X3D for Web Authors Examples

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol
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X3D-Edit DIS ESPDU packet tester

Select values to send

e X ¥z in meters
multiplied by scale

e roll pitch yaw shown
in degrees, also radians

e Type in marking and
network parameters

Each change sends a
new ESPDU packet

3D

CONSORTILM

web
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Example: TestCubeEspdu.x3d

[0 Pl ipten.
= Tl s W

EE-0-NBFREIFLL e E W
(I T T R T AT
I 4iRCTYIR XD PELIE - 1 4 B E *
: . . N A 5 -
# Az
' . -
imans o
(] =
M Sl bbb
18 B i
W e %
i +
I Mk aniiiid
1 L

13

T |
1% |
H
L
-]
% | §

Available at

http://www.web3d.org/x3d/content/examples/Basic/DistributedinteractiveSimulation/TestCubeEspdu.x3d
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LENTITY STATE 1075644
T ETITT_STATE S.230068 4

e
T e
- | b A g -

EWTITT_FTATE 300 LEa LI
FTIM ETAITD Ml T

1A ENTETT_STATE . bt .
Cow | Oow Cow | iekfed | Ofw e g |

e Epshoreg Par ey
i+ ENTETY _STATE & Nl st Ol ol 00600 BA00AT00E0
3 ENTHTY STATE & O | | v vty 150 oo 1] i i © .o lea

oF ETETY ST s Bty v Vkorty

38 ENTITY ST A e "] To ka
% INTITY ST B 07 .

ENTCTT_STATE 10317

ETETY_STRTE d o e —
1 EWTETY_STATE b ibaiiad aidation Par sty
X3 ENTITY,_STATE & 300
PNTETY_FRTE & L] i wieheed

A-ENTETY_STatE 7 aoddiniadn s

0 EWTETY_SaTE 3 p il . Type Dmgrair Charge irdicytor Pavt SBacwd Te Trpw Vahe [fostd  Qmol  fwed
KT HTITY, VAT 7, ERGATH42
EITETT STATE 2. bazsegaaz =1 -

Pt adome 19113 pat 20 phary e PO panet ) Pewadecml b s

e IED = G M A 4P BBRM
[ Fase g he u-:: Beon. EFest @ ey | APy Pus Dwp ast Bl
p— pr——

) eREETE Fam B [we

FENTITT_ETATE B [T ———— profuc ey Srder bdwran prolend emmen FET [TWLAR I paddeg 0

[ frre— -
ENTITT_STATE &4 kA0
FENTIFr_ETATE & daiiidars marbing |0 7 e DD i, T gy I 1
EWTITT_BTATE & AR50
|5 ENTITY STATE & A0MO0ET etz T
12 BNTETY_ETATE 8 AT el i —y L o '
11 BTty _§ath & sesd miieg LT | (e ] | T | ciruielived 1 Tt 1 s PR T T |
13 ITETY_FRATE 4 491 5TI08 iy i
11 ENTETY AT & SASOETT] bl ot
s e oy e e ol

|m-ﬁ‘“ o TTORIEE] ol Oy o1 tmlarn T ddegwm 0 e o I.:'Ih'l'l'l LD raders

e

[

el

Esap

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol

DIS
player-
recorder

embedded

in
X3D-Edit

November 30, 2014

93



X3D for Advanced Modeling, http://x3dGraphics.com

November 30, 2014

DIS PDU Sender Test menu selection

Menu item

* X3D > Networking > DIS PDU Sender Test
Sends one PDU of each type supported

Useful for testing application connectivity
* Console of logged results: View > IDE Log
« Example excerpt:

Sent
Sent
Sent
Sent
Sent
Sent
Sent

3D -

CONSORTILM

web

Example IDE Log excerpt:
[...]

PDU of type

PDU
PDU
PDU
PDU
PDU
PDU

-]

type
type
type
type
type
type

edu.
edu.
edu.
edu.
edu.
edu.

edu.

Sent PDU of type edu.nps.moves.dis.AcknowledgePdu

Sent PDU of type edu.nps.moves.dis.ActionRequestPdu

Sent PDU of type edu.nps.moves.dis.CollisionPdu

Sent PDU of type edu.nps.moves.dis.CommentPdu

Sent PDU of type edu.nps.moves.dis.CreateEntityPdu

Sent PDU of type edu.nps.moves.dis.DetonationPdu

Sent PDU of type edu.nps.moves.dis.EntityStatePdu

Sent PDU of type edu.nps.moves.dis.FirePdu

Sent PDU of type edu.nps.moves.dis.RemoveEntityPdu

nps
nps
nps
nps
nps
nps

nps

Sent PDU of type edu.nps.moves.dis.RepairCompletePdu

Sent PDU of type edu.nps.moves.dis.RepairResponsePdu

Sent PDU of type edu.nps.moves.dis.ResupplyCancelPdu

Sent PDU of type edu.nps.moves.dis.ResupplyOfferPdu

Sent PDU of type edu.nps.moves.dis.ResupplyReceivedPdu

Sent PDU of type edu.nps.moves.dis.ServiceRequestPdu

Sent PDU of type edu.nps.moves.dis.StartResumePdu

Sent PDU of type edu.nps.moves.dis.StopFreezePdu

[.]

PDU of type TRANSMITTER not created or sent
PDU of type SIGNAL not created or sent
PDU of type RECEIVER not created or sent

[.]

.moves.

.moves.

.moves.

.moves.

.moves.

.moves.

.moves.

dis.
dis.
dis.
dis.
dis.

dis.

dis

[..]
Sent PDU of type edu.nps.moves.dis.AcknowledgePdu

CollisionPdu
CommentPdu
CreateEntityPdu
DetonationPdu
EntityStatePdu
FirePdu

.RemoveEntityPdu

Sent PDU of type edu.nps.moves.dis.ActionRequestPdu

Sent PDU of type edu.nps.moves.dis.CollisionPdu

Sent PDU of type edu.nps.moves.dis.CommentPdu

Sent PDU of type edu.nps.moves.dis.CreateEntityPdu

Sent PDU of type edu.nps.moves.dis.DetonationPdu

Sent PDU of type edu.nps.moves.dis.EntityStatePdu

Sent PDU of type edu.nps.moves.dis.FirePdu

Sent PDU of type edu.nps.moves.dis.RemoveEntityPdu

Sent PDU of type edu.nps.moves.dis.RepairCompletePdu

Sent PDU of type edu.nps.moves.dis.RepairResponsePdu

Sent PDU of type edu.nps.moves.dis.ResupplyCancelPdu

Sent PDU of type edu.nps.moves.dis.ResupplyOfferPdu

Sent PDU of type edu.nps.moves.dis.ResupplyReceivedPdu

Sent PDU of type edu.nps.moves.dis.ServiceRequestPdu

Sent PDU of type edu.nps.moves.dis.StartResumePdu

Sent PDU of type edu.nps.moves.dis.StopFreezePdu
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Also in NPS Savage archives:
specific scenarios available
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These scenes typically have

e EspduTransform nodes with session info, as
parent nodes translating/rotating child models

¢ Inline nodes that retrieve non-networked
platform models for rendering in the scene

web
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Autonomous Unmanned Vehicle
(AUV) Workbench

The NPS Autonomous Unmanned Vehicle
Workbench (AUVW) supports physics-based
mission rehearsal, real-time task-level control of
robot missions, and replay of recorded results in
support of autonomous unmanned underwater,
surface and air vehicles.

* Includes embedded DIS networking to connect

physics-based modeling of robot missions to Xj3D
visualization pane using Savage models

* https://savage.nps.edu/AuvWorkbench

* https://savage.nps.edu/Savage/AuvWorkbench/OperatingAreas
web|3D
CONSORTIUM

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 97



X3D for Advanced Modeling, http://x3dGraphics.com November 30, 2014

i il 3 " '-'": m '. . . o -1. : 1|‘I. : -

(] Robot Mission F'Ia?'m_l_ng and 3D VISL{?[IZQUDH 9
_ d ' 117

‘_E.‘,."' b 5.--.1:‘51__1?

' Rehearsal £ =
Reality
Replay

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol 98



X3D for Advanced Modeling, http://x3dGraphics.com

AUV Workbench DIS Output

e Robot mission definitions are executed by
robot controller, driving the vehicle

e Dynamics engine computes motion response,
sent to network and Xj3D viewer via DIS

e DIS packets are DIS-XML chat or native PDUs
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DIS bridging

Some applications can be found in Open-DIS
codebase to bridge DIS packets LAN-to-LAN

e Accomplished by opening unicast socket
between LANs which passes packets,
relaying them to/from multicast at endpoints

e This is needed since routing defaults do not
allow multicast to escape an individual LAN

e Macedonia, Michael R. and Brutzman, Donald P.,
"MBone Provides Audio and Video Across the
Internet," IEEE COMPUTER, vol. 27 no. 4, April

1994, pp. 30-36.
web|3D
CONSORT LN
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Selectively Reliable Multicast Protocol
(SRMP) DIS-HLA Gateway

GMUGateway is a research-oriented protocol
translator developed in Java for distributed
simulations.

* Provides interoperability among different types of
simulation architectures

» Converts DIS protocol packets to High Level
Architecture (HLA) Run-Time Infrastructure (RTI)
service calls, and vice versa.

» Uses NPS DIS-Java-VRML implementation (for DIS)
and RPR-FOM (for HLA)

* http://netlab.gmu.edu/SRMP/gatewayDoc.php
web|3D )<3D

CONSORTILM
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DIS networking thesis: Steve Zeswitz

Zeswitz, Steven, NPSNET: [ o cs
Integration of Distributed
Interactive Simulation (DIS) | s ex
Protocol for Communication
Architecture and
Information Interchange,

Dayten, Tl

Han Thewn, ©A

Masters Thesis, Naval e e e
Postgraduate School,
Monterey California, Early work.

September 1993.

3D 5D

COMSORTIUM

web

https://savage.nps.edu/AuvWorkbench/website/documentation/theses/ZeswitzDistributedInteractiveSimulationProtocol Thesis.September1993.pdf

Abstract.

The Computer Science Department at the Naval Postgraduate School in Monterey, California has
developed a low-cost real-time interactive network based simulation system, known as NPSNET,
that uses Silicon Graphics workstations. NPSNET has used non-standard protocols which
constrains its participation in distributed simulation. DIS specifies standard protocols and is
emerging as the international standard for distributed simulation. This research focused on the
development of a robust, high-performance implementation of the DIS Version 2.0.3 protocol to
support graphic simulation systems (e.g. NPSNET). The challenge was to comply with the standard
and minimize network latency thereby maintaining the time and space coherence of distributed
simulations. The resulting DIS Network Library consists of an application program interface (API) to
low level network routines, a host of network utilities, and a network harness that takes advantage of
multiprocessor workstations. The library was successfully tested on our local network and two
configurations of a T-l based internet, the Defense Simulation Internet (DSI), with the Air Force
Institute of Technology and Advanced Research Projects Agency. The testing confirmed that the
semantics and syntax of the DIS protocol is properly implemented and the latency incurred by the
network does not adversely effect the simulation application.
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DIS networking thesis: Steve Stone

Stone, Steven W,,

A rapidly reconfigurable, | aerucamioxrmocram |
application layer, virtual :
en Vironment network | APFLICATION PROGRAM INTERFACE l

protocol, Masters Thesis, ;
Naval Postgraduate | S]HL"I.A‘T[G:' PROTOCOL l
School (NPS), Monterey 1
California, June 1996.

Built an improved

Lower Level Metwork Protocols
NPSNET implementation.
web|3D ng

COMSORTIUM

http://edocs.nps.edu/npspubs/scholarly/theses/1996/Jun/96Jun_Stone.pdf

Abstract.

The current Distributed Interactive Simulations (DIS) Protocol has a limited ability to
support real time, simulated engagements of more than 1000 entities because of its
excessive use of network resources. It also lacks the extensibility to add new protocol
data units to support new simulation requirements. To solve these problems it is
necessary to design an implement a rapidly reconfigurable network protocol that can
be easily changed and distributed to all entities in a large scale simulation. This
protocol must be highly flexible and allow for the optimization of data content during
execution. The approach used was to design and build a rapidly reconfigurable
network protocol and the tools necessary to use it. This was accomplished in four
phases. First, a protocol using the concepts of Self-defined Messages with Multiple
Presentations was developed. Second, a formal grammar to describe the protocol was
designed. Third, an existing protocol development tool, the DIS protocol Support
Utility, was modified to use the new protocol and grammar. Fourth, the protocol was
tested to determine its effect on network resource utilization. As a result of this effort, a
network protocol for distributed simulations that can be optimized at run-time and
easily modified has been developed. Testing shows that the protocol can reduce the
network bandwidth necessary for a large-scale distributed simulation by up to 70%.
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Savage thesis: Shane Nicklaus

NiCk|aUS, Shane D., Autogeneration f georeferenced
H H Air Tasking Order (ATO) LSVEs,
Scenario Authoring and Tl S et G

Visualization for
Advanced Graphical
Environments (SAVAGE),
Master's Thesis, Naval
Postgraduate School,
Monterey California,
September 2001.
Information Systems
Technology curriculum.
Co-advisors Curtis L.
Blais and Dan Boger.

http://edocs.nps.edu/npspubs/scholarly/theses/2001/Sep/01Sep_Nicklaus.pdf

Abstract.

Today's planning and modeling systems use two-dimensional (2D) representations of
the three-dimensional (3D) battlespace. This presents a challenge for planners,
commanders, and troops to understand the true nature of the battlespace. This thesis
shows how 3D visualization can give both operation planners and executors a better
understanding of the battlespace that can augment today*s 2D systems. Automatic
creation of a 3D model for an amphibious operation allows the planner to view an
operation order as a whole, from different perspectives. Recommended changes can
be made and their effects immediately known. Warfighters can use the same tools for
mission preparation and review. The United States and NATO nations use the Land
C2 Information Exchange Data Model (LC2IEDM), formally known as the Generic
Hub, as a common method for exchanging data between independent systems. As
part of the Scenario Authoring and Visualization for Advanced Graphical Environments
(SAVAGE) project, this research presents an integrated Web access and 3D
visualization strategy for Department of Defense (DOD) tactical messaging and
operation orders using the Generic Hub data model and the Extensible Markup
Language (XML). A number of alternative yet consistent ways to represent an
amphibious operation scenario demonstrate the power, flexibility and scalability of the
SAVAGE approach
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H-Anim thesis: Tom Miller

Miller, Thomas E., Integrating Realistic Human Group
Behaviors Into A Networked 3D Virtual Environment,
Master's Thesis, Naval Postgraduate School,
Monterey California, September 2000. MOVES
curriculum. Received NPS Outstanding Academic
Achievement Award for highest academic honors
among Department of Defense (DoD) students.

v

https://savage.nps.edu/Savage/documents/DisJavaVrml-Humanoid TeamsThesis-MillerSeptember2000.pdf
https://savage.nps.edu/Savage/documents/DisJavaVrml-Humanoid TeamsBrief-MillerSeptember2000.ppt

Abstract.

Virtual humans operating inside large-scale virtual environments (VE) are typically
controlled as single entities. Coordination of group activity and movement is usually
the responsibility of their "real world" human controllers. Georeferencing coordinate
systems, single-precision versus double-precision number representation and network
delay requirements make group operations difficult. Mounting multiple humans inside
shared or single vehicles, (i.e. air-assault operations, mechanized infantry operations,
or small boat/riverine operations) with high fidelity is often impossible. The approach
taken in this thesis is to reengineer the DIS-Java-VRML Capture the Flag game
geolocated at Fort Irwin, California to allow the inclusion of human entities. Human
operators are given the capability of aggregating or mounting nonhuman entities for
coordinated actions. Additionally, rapid content creation of human entities is
addressed through the development of a native tag set for the Humanoid Animation
(H-Anim) 1.1 Specification in Extensible 3D (X3D). Conventions are demonstrated for
integrating the DIS-Java-VRML and H-Anim draft standards using either VRML97 or
X3D encodings. The result of this work is an interface to aggregate and control
articulated humans using an existing model with a standardized motion library in a
networked virtual environment. Virtual human avatars can be mounted and
unmounted from aggregation entities. Simple demonstration examples show
coordinated tactical maneuver among multiple humans with and without vehicles. Live
3D visualization of animated humanoids on realistic terrain is then portrayed inside
freely available web browsers.
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This is another snapshot from the Miller thesis.
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Signals thesis: Dave Laflam

Laflam, David W.,

3D Visualization of
Theater-Level Radio
Communications Using
a Networked Virtual
Environment,

Master's Thesis, Naval
Postgraduate School,
Monterey California,
September 2000.
MOVES curriculum.

e PRr——

3D

CONSORTILM

web

https://savage.nps.edu/Savage/documents/DisJavaVrml-SignalsVisualizationThesis-LaflamSeptember2000.pdf

Abstract.

The military is heavily reliant on the transfer of information among various networks in
day-to-day operations. Radio-based communications networks that support this
volume of information are complex, difficult to manage, and change frequently.
Communications network planners need a way to clearly visualize and communicate
mobile operational network capabilities, particularly to network users. By using the
DJS-Java-VRML simulation and modeling toolkit, visualizations of radio-frequency
energy and radio path- profiling data can be quickly generated as 3D models. These
animated 3D visualizations can be loaded into a networked virtual environment, so
that communications planners can detect a variety of problems such as radio
frequency interference and gaps in coverage. Planners can also brief senior staff, plan
within their own staff, and collaborate with communications staff planners in distant
locations using such virtual environments. DIS-Java-VRML visualization tools can
provide a clear picture of the battle space with respect to the deployed
communications architecture. The prototypes presented in this thesis demonstrate the
ability to generate a shared visualization that can show a radio communications
network in 3D. Such dynamic visualizations increase communications planning

information bandwidth and yield more intuitive ways of presenting information to users.

Higher information density in a more intuitive format enables better understanding with
quicker reaction times. This thesis and the visualization tool discussed provide the
foundation for fundamental improvements in visualizing radio communications
environments.
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Visualization thesis: Mike Hunsberger

Hunsberger, Michael G.,

3D Visualization Of Tactical
Communications for Planning
and Operations Using Virtual
Reality Modeling Language
(VRML) and Extensible 3D (X3D),& _
Master's Thesis, Naval Postgraduate School
Monterey California, June 2001. Awarded Air
Force Association Award for Outstanding Air
Force Student. Dual Master of Science degrees:
Systems Technology for Joint C3 Systems and

Computer Science.
web|3D ng

COMSORTIUM

https://savage.nps.edu/Savage/documents/DisJavaVrml-SignalsVisualizationThesis-HunsbergerJune2001.pdf

Abstract.

The military is increasingly reliant on communication networks for day-to-day tasks as
well as large-scale military operations. Tactical communications networks are growing
progressively more complex as the amount of information required on the battlefield
increases. Communication planners require more advanced tools to perform and
manage signal-planning activities. This work examines the use of 3D visualizations to
assist in tactical signal planning. These visualizations are developed using Virtual
Reality Modeling Language (VRML), Extensible 3D (X3D) graphics, and Distributed
Information Simulation (DIS) for network connectivity. These visualizations and the
connectivity provide signal planners the ability to generate 3D scenarios quickly
identifying problems such as frequency interference, connectivity problems, and
marginal-coverage areas. Network connectivity also provides a collaborative planning
environment for geographically dispersed units. The NATO Global Hub Land C2
Information Exchange Data Model (LC2IEDM) is a semantic model designed for
information passing between systems. This work also examines LC2IEDM for its
ability to represent tactical communication plans and facilitate the autogeneration of
3D scenarios.
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Scenario thesis: James Harney

Harney, James W., Analyzing j
Anti-Terrorist Tactical
Effectiveness of Picket Boats
for Force Protection of Navy
Ships Using X3d Graphics
and Agent-Based Simulation,
Masters Thesis, Naval
Postgraduate School,
Monterey California, March
2003. Co advisors Curtis L.
Blais, Gordon Schacher, and
John Hiles.

http://edocs.nps.edu/npspubs/scholarly/theses/2003/Mar/03Mar_Harney.pdf

Abstract.

Despite the many advances achieved within both Modeling and Simulation and Information
Technology over the past several decades, practical application of such technology remains
under-utilized by operational units in the United States Navy. Furthermore, when such
technology has been deployed in the last decade it has been to exercise operator proficiency
or increase C4l battlespace awareness. Few tools have allowed operational warfighters to run
'‘what-if' simulation scenarios to aid in development of tactical plans for executing published
doctrine. The approach taken in this thesis is to select an exemplar warfare area, in this case
Anti-Terrorism and Force Protection for Navy ships, and through research and development to
identify, develop, and deploy the necessary modeling and simulation (M & S) technologies to
demonstrate a prototypical planning tool that can be used by today's deployed warfighter. All
research and work is conducted in a web-based, 'user-centric' fashion utilizing a combination
of user-driven and agentbased control of entities for simulation iterations, along with various
open source technologies which include Extensible 3D Graphics (X3D), Scalable Vector
Graphics (SVG), and Extensible Markup Language (XML). Conventions are demonstrated for
the integration of the many academic disciplines utilized during this research to achieve
automatic generation of tactically significant scenarios. In order to give the end-user the
greatest insight towards potential drawbacks in the tactical planning against surface-borne
terrorist threats, various 2D and 3D media provide both real-time and non-real time scenario
playback. The result of this work is a fully integrated, prototypical, Java-based application that
demonstrates how various Open-Source, web-based technologies can be applied in order to
provide the tactical operator with tools to aid in Force Protection planning. Scenarios can be
auto generated, viewed, analyzed, and manipulated by end users with little to no computer
experience necessary beyond requirements for operation of a desktop personal computer
(PC) in the Information Technology for the 21st Century (IT-21) environment at sea. This
approach has broad applicability to improve the tactical awareness and defensive posture of
ships defending against terrorist attacks in port.
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Scenario thesis: Pat Sullivan

Sullivan, Patrick J.,
Evaluating the Effectiveness
of Waterside Security
Alternatives for Force
Protection of Navy Ships
and Installations using X3D
Graphics and Agent-Based
Simulation, Masters Thesis,
Naval Postgraduate School,
Monterey California,
September 2006.
Co-advisor Curt Blais.

.
.| I

http://handle.dtic.mil/100.2/ADA457197
http://edocs.nps.edu/npspubs/scholarly/theses/2006/Sep/06Sep_Sullivan.pdf

Abstract.

The individuals charged with the task of planning, developing and implementing force
protection measures both at the unit and installation level must consider numerous
factors in formulating the best defensive posture. Currently, force protection
professionals utilize multiple sources of information regarding capabilities of systems
that are available, and combine that knowledge with the requirements of their
installation to create an overall plan. A crucial element missing from this process is the
ability to determine, prior to system procurement, the most effective combination of
systems and employment for a wide range of possible terrorist attack scenarios. This
thesis is inspired by the work done by James Harney, LT, USN (2003). The thesis will
expand the Anti-Terrorism Force Protection Tool developed during the original thesis
by including the capability of testing force protection measures in multiple scenarios by
utilizing models of force protection equipment and forces, virtual worlds of existing
naval facilities, and terrorist agents that exhibit intent and behavioral characteristics
which can test the effectiveness of the force protection equipment used. The result of
this work is a scalable and repeatable methodology for generating large-scale, agent-
based simulations for AT/FP problem domains providing 3D visualization, report
generation, and statistical analysis.
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SMAL Metadata Thesis: Travis Rauch

* Rauch, Travis, Savage Modeling Analysis Language
(SMAL): Metadata for Tactical Simulations and X3D
Visualizations, Masters Thesis, Naval Postgraduate
School, Monterey California, March 2006.

* SAVAGE Modeling and Analysis Language (SMAL) is
the NPS MOVES strategy for identifying tactical,
physical and simulation-oriented information
regarding models for vehicles, terrain and entities in
virtual environments. Equivalent XML and X3D
representations for SMAL are defined.

* https://savage.nps.edu/Savage/Tools/SMAL/SMAL.html

3D 5D

COMSORTIUM

web

https://savage.nps.edu/Savage/Tools/SMAL/docs/TravisRauchThesisSmalMetadata.2006March.pdf

Abstract.

Visualizing operations environments in three dimensions (3D) supports the warfighters' ability
to make rapid, well-informed decisions by presenting complex systems in a naturalistic,
integrated display format. Unfortunately, constructing these environments is a time-consuming
task requiring specific expertise not typically available in the command center. The future use
of 3D visualization in military operations depends on the ability of personnel with minimal
graphics experience to create virtual environments quickly and accurately by leveraging data-
driven customization of content from model archives with the data available in the command
center. Practical 3D visualization depends on standardized scene autogeneration. The
Extensible 3D (X3D) Graphics family of specifications is approved by the International
Standards Organization (ISO) as the Web-based format for the interchange and rendering of
3D scenes. Previous work has demonstrated that an archive of X3D scenes, such as the
Scenario Authoring and Visualization for Advanced Graphical Environments (SAVAGE) library,
can be used to autogenerate sophisticated 3D tactical environments. Assembling and making
sense of the data necessary to autogenerate a 3D environment requires context and good
documentation, best accomplished through metadata. Metadata also supports data-centric,
component-based design; key philosophies in promoting interoperability of networked
applications. Coupled with recent developments in X3D, enhanced features of the Savage
X3D Model archives are now sufficiently mature to support rapid generation of tactical
environments. This thesis proposes an XML metadata standard to collect and organize the
information necessary to create and populate a tactical 3D virtual environment: the Savage
Modeling and Analysis Language (SMAL). The logical extension of a well designed standard is
the ability to cross the boundaries of usage, allowing simulators to share data with command
and control (C2) suites and mission planning tools based on the construction of a virtual
scene. SMAL provides the informational "glue" necessary to perform tactical modeling,
simulation, and analysis using networked, physics-based X3D virtual environments.
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SavageStudio scenario using SMAL metadata

[t e ]

SMAL website:

https://savage.nps.edu/Savage/Tools/SMAL/SMAL.html

Savage Studio:

https://savage.nps.edu/Savage/developers.html#DES
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DIS, XMPP thesis: LEE, Daryl Chin-Siong

LEE’ Daryl Chln Siong’ Jenva 1.4.2 regular expression parser on chat
NPS AUV Workbench: N
Collaborative Environment for

Autonomous Underwater

Vehicle (AUV) Mission

Planning and 3D Visualization, T i e R oMt Ll Y
Master's Thesis, Naval

POStgraduate SChOOl, Event monitoring via instant messaging
Monterey California, March —_—
2004. Computer | =
Science curriculum. ) -
Co-advisor Curtis Blais, second
readers John Hiles and Duane
Davis.

B

http://edocs.nps.edu/npspubs/scholarly/theses/2004/Mar/04Mar_Lee.pdf
Abstract:

The absence of common software platforms for Autonomous Underwater Vehicle
(AUV) mission planning and analysis is an ongoing impediment to collaborative work
between research institutions, their partners, and end users. This thesis details the
design and implementation of a distributable application to facilitate AUV mission
planning and analysis. Java-based open-source libraries and a component-based
framework provide diverse functionalities. The extensible Markup Language (XML) is
used for data storage and message exchange, Extensible 3D (X3D) Graphics for
visualization and XML Schema-based Binary Compression (XSBC) for data
compression. The AUV Workbench provides an intuitive cross-platform-capable tool
with extensibility to provide for future enhancements such as agent-based control,
asynchronous reporting and communication, loss-free message compression and
built-in support for mission data archiving. This thesis also investigates the Jabber
instant messaging protocol, showing its suitability for text and file messaging in a
tactical environment. Exemplars show that the XML backbone of this open-source
technology can be leveraged to enable both human and agent messaging with
improvements over current systems. Integrated Jabber instant messaging support
makes the NPS AUV Workbench the first custom application supporting XML Tactical
Chat (XTC). Results demonstrate that the AUV Workbench provides a capable
testbed for diverse AUV technologies, assisting in the development of traditional
single-vehicle operations and agent-based multiple-vehicle methodologies. The
flexible design of the Workbench further encourages integration of new extensions to
serve operational needs. Exemplars demonstrate how in-mission and post-mission
event monitoring by human operators can be achieved via simple web page, standard
clients or custom instant messaging client. Finally, the AUV Workbench's potential as
a tool in the development of multiple-AUV tactics and doctrine is discussed.

X3D Graphics and Distributed Interactive Simulation (DIS) Protocol

November 30, 2014

113



X3D for Advanced Modeling, http://x3dGraphics.com

XMPP Chat Thesis: Dan DeVos

DeVos, Daniel A., XML m S
Tactical Chat (XT C): |
The Way Ahead for ==
Navy Chat, =

Masters Thesis, Naval
Postgraduate School,
Monterey California, KT .I!'.':"!E?.‘..'f.'.‘.li u r g “-___
September 2007. 2

Second reader Don
McGregor.

Set stage for DIS-XML.

November 30, 2014

http://edocs.nps.edu/npspubs/scholarly/theses/2007/Sep/07Sep_DeVos.pdf

Abstract.

The motivation for pursuing XML-based tactical chat includes the great potential of th
technology and fixing limitations of current chat programs. XTC capabilities have the

is
potential

to completely upgrade and restructure all tactical military communications. The current tools
for military chat include IRC, Yahoo, MSN, AlIM, ICQ, and NKO. None of these provides the full

functionality or interoperability needed in a joint environment. Moreover, if a nonpropr

ietary

chat protocol is developed, it can lead to a decision-support environment in which data, text,
audio, and video can be logged, evaluated and managed, all in a Web environment where no
additional specialized software or hardware is needed. Chat technology challenges for the

military fit into three areas: tactical, technical, and administrative. Tactically, there are

many

ways chat can be used, but effective practices are not yet defined in procedures or doctrine.
Joint forces use a myriad of chat programs that don't interoperate and are usually proprietary.
Technically, many chat programs are barred by firewalls and lack a robust interface to allow

logging and searching past chats. From an administrative prospective, plain-text chat

has no

structure. Scheduling and controlling who attends or converses remains undefined. Within

DoD there is no standard for how, when, and by whom chats ought to be conducted.

Possible

approaches to these problems include adopting a proprietary chat system or customizing an
open-source implementation. Proprietary solutions are costly, do not interoperate well, and are

too inflexible for a technology that is evolving rapidly. Open-source software can prov

solution that is adaptable, extensible, quick to implement, straightforward to maintain,

ide a
and

relatively inexpensive. This thesis provides a preliminary assessment of XML-based tactical

chat (XTC) using an open source, open-standards solution. Promising initial results

demonstrate that an XML document can be sent from a XHTML page in a Web browser to an

off-the-shelf Jabber client via a Web server. Further, available server and client

implementations can enable a research and development plan for rapid development.
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Simulator thesis: Chris Fitzpatrick

Fitzpatrick, Christopher,
Integration of Robotic
Technology, X3D Computer
Graphics and Digital Imaging
to Modernize the Expeditionary
Warfare Demonstrator (EWD),
Masters Thesis, Naval
Postgraduate School, Monterey
California, September 2009.
Second reader Amela Sadagic.
Awarded SPAWAR Student
Research Fellowship
September 2008.

http://edocs.nps.edu/npspubs/scholarly/theses/2009/Sep/09Sep_Fitzpatrick.pdf

Abstract.

In the summer of 2008, the Commandant of the Marine Corps (CMC) released a message to
all Marines and Sailors detailing plans to revitalize U.S. naval amphibious competency.
Current responsibilities in Irag and Afghanistan have significantly reduced available training
time causing overall amphibious readiness to suffer. In response, this thesis evaluates 3D
visualization techniques and other virtual environment technologies available to support these
mission-critical training goals. The focus of this research is to modernize the Expeditionary
Warfare Demonstrator (EWD) located aboard Naval Amphibious Base (NAB) Little Creek,
Virginia. The EWD has been used to demonstrate doctrine, tactics, and procedures for all
phases of amphibious operations to large groups of Navy, Marine Corps, Joint, Coalition and
civilian personnel for the last 55 years. However, it no longer reflects current doctrine and is
therefore losing credibility and effectiveness. In its current configuration, the EWD is limited to
a single training scenario since the display's ship models rely on a static pulley system to
show movement and the terrain display ashore is fixed. To address these shortfalls, this thesis
first recommends the usage of the wireless communication capability within Sun's Small
Programmable Object Technology (SunSPOT) to create robotic vehicles to replace the current
ship models. This enables large-group visualization and situational awareness of the
numerous coordinated surface maneuvers needed to support Marines as they move from ship
to shore. The second recommendation is to improve visualization ashore through the creation
of Extensible 3D Graphics (X3D) scenes depicting high-fidelity 3D models and enhanced 3D
terrain displays for any location. This thesis shows how to create these scenes and project
them from overhead in order to modernize the gymnasium-sized EWD into an amphibious
wargaming table suitable for both amphibious staff training and operational planning.
Complimentary use of BASE-IT projection tables and digital 3D holography can further provide
smallgroup, close-up views of key battlespace locations. It is now possible to upgrade an
aging training tool by implementing the technologies recommended in this thesis to support
the critical training and tactical needs of the integrated Navy and Marine Corps amphibious
fighting force.
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MMOG thesis: Tarig Rashid

Rashid, Tariq, Integrating
Distributed Interactive
Simulations with the Project
Darkstar Open-Source
Massively Multiplayer Online
Game (MMOG) Middleware,
Masters Thesis, Naval
Postgraduate School,
Monterey California,
September 2009.
Co-advisor Don McGregor, 5
second reader Amela Sadagic. §8
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http://edocs.nps.edu/npspubs/scholarly/theses/2009/Sep/09Sep_Rashid.pdf

Abstract.

Recently, a great deal of attention has been given to the use of Massively Multiplayer
Online Games (MMOGS) for both gaming and military applications. The revenue
generated by MMOGs and the effect that they have on the network infrastructure has
resulted in significantly more developmental resources being applied to commercial
MMOG technology than for military distributed virtual (DVE) development. All DVEs
share a common set of characteristics, and additional requirements exist for the
interoperability of military DVEs. It is possible to exploit these similarities to take
advantage of developments in the supporting technologies of commercial MMOGs.
Specific capabilities of interest include scalability for large numbers of players,
capacity for large amounts of network traffic, portability across operating systems, and
adaptability to connect diverse codebases, network protocols, and data formats.
Project Darkstar is a Sun Labs research project, which has developed an open-source
middleware for MMOGs. This thesis has produced and tests a MMOG server, which
interconnects heterogeneous simulators in a DVE using the Project Darkstar
middleware and locally developed network gateways. The performance of the system
and the character of the network traffic it generates are analyzed. Initial test results
warrant further development and eventual deployment.
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XML Security Thesis: Jeff Williams

Williams, Jeffrey S., Document-Centric XML
Encryption and Authentication for Coalition
Messaging, Masters Thesis, Naval Postgraduate
School, Monterey California, September 20009.
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http://edocs.nps.edu/npspubs/scholarly/theses/2009/Sep/09Sep%5FWilliams.pdf
Abstract.

Different agencies and different nations are not able to securely communicate and share
structured information due to differences in security policies and data formats. The current
evolution of security and data policies is not solving this fundamental problem. Document-
based message-centric XML security can provide satisfactory security within a diversified
communications framework between traditional and nontraditional partners by utilizing existing
Web standards for XML canonicalization, XML digital signature, XML compression and XML
encryption. Vulnerabilities related to the exchange of cryptographic technologies are
minimized by strictly adhering to open-standards technology. This approach thus resolves
multi-partner trust challenges in regards to using another entity's equipment, software, or
policy requirements through the proper adoption of standards-based structured data and
alternative cryptographic algorithms. Exemplar results demonstrated in this thesis show that
XML Security is a feasible approach for operations that include multiple agencies and coalition
partners. Alternative solutions are also available using proprietary technologies, but such
approaches lock participants into commercial contracts, prohibit distribution and provide
suspect capabilities. Therefore, they cannot attain interagency or international acceptance.
Such methods involve the use of unique or proprietary message formats with customized
encryption and compression algorithms that are not available for broad scrutiny by open
source communities. Closed approaches cannot gain group trust. This thesis specifically
investigates XML standardization methods for various categories of unclassified data to
provide secure information exchange among a wide audience, e.g. multi-agency task force or
multinational coalition partners. Using an XML document-centric approach is a helpful
organizing principle for this problem that provides levels of security consistent with common
business practices achieved, within the constraints of the respective organizational security
policies of each participant. The resulting design patterns for XML document development
enhance confidentiality, integrity, and authentication commensurate with the nature of the
unclassified document generated, while maintaining information objects at an appropriate
level of security and acceptable level of risk.
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Discrete Event Simulation (DES)
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DES: Simkit
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DES: DisKit
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DES: Viskit
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DES: SavageStudio
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Wireshark

Wireshark is an open-source network-protocol
analyzer and debugging tool

Wireshark has a built-in decoder for DIS

* Analyze->Enabled Protocols to make sure DIS is
turned on

 Select a packet

* Analyze->Decode As to view as DIS; can also set all
packets sent to or from a port to be automatically
decoded as DIS

Available at

* http://www.wireshark.org
web|3D )<3D

TODO screenshots
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@ Jenkins continuous build server

NPS has stood up an online continuous
integration server for regular builds
* Uses open-source Jenkins under Apache.

for model
and software
developers

Performs nightly compilation builds of code,
error-checking validation of model content

+ Xj3D open-source player and other tools
* X3D example archives, all on SourceForge

Provide further quality assurance (QA) for X3D

¢ https://savage.nps.edu/Savage/developers.html#Jenkins

e https://savage.nps.edu/jenkins
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Jenkins continuous-build testing
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Chapter Summary

X3D DIS component allows networking of shared
entity state for positioning objects, entity
management, collision detection, fire/detonate
projectiles, and propagation/receipt of signals

Multiple technical challenges are steadily being
addressed, simple scalability is the primary goal

Ongoing work is building repeatable, royalty-free

results available for broad use on the Web
web|3D )<3D
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Suggested exercises

Test, adapt example scenes provided in archive

Create (or adapt) a simple Java, C++ or Javascript
program to send PDUs

Monitor PDUs being sent from an existing DIS
simulation program using X3D model, X3D-Edit

(we're getting closer...) join a virtual environment

3D )<3D
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Future work: lots!
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TODO #1: Planned projects

e Geospatial coordinates in X3D Specification
e DisEntityManager scenario: working example

e Upgrade Open-DIS to DIS 2012 changes

* Status?

e Recording, playing back DIS PDU packets
to/from a MySQL database

¢ Provide updated support for VRML/X3D
examples in Mark Pullen's online course
Networked Virtual Environments (NVES)

3D )<3D
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TODO #2

e Open-DIS ports to Javascript: WebSockets and
WebRTC available, improve documentation

¢ Add Open-DIS to X3DOM: testing in progress
* Breakthrough moment after years of work

e Upgrade MV3500 Networked Simulation as an
online distributed-learning course

3D )<3D
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TODO #3: X3D-Edit

e Open-DIS server stream-relay capabilities
» Simplify, automate server-to-server (s2s) bridging
* Embedded in X3D-Edit for local server creation
* Bundle over XMPP chat for broader routing
e Autogenerate Java, Javascript enumerations
using Enumeration Byte Value (EBV) .xml
* Publish classes in Open-DIS archive (check current)
* Bundle in X3D-Edit panes, online documentation
e DIS data capture, distillation as smoothed
interpolators for offline/archived playback
* Track recording and playback for any entity
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TODO #3: other NPS tools

e X3DOM interoperability

* X3dToX3dom.xslt stylesheet support

* Tooltips and quality assurance (QA) testing

* Publish series of examples

e Integrate, document visualization tools use
* AUV Workbench mission publication, replay

* Viskit playback control

» SavageStudio scenario authoring

e Update past work to meet current research
* Dave Laflam thesis on signals visualization

» Tom Miller thesis on grouped humanoid animation
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TODO #4: other tools

e Codebase repeatability and interoperability

Wireshark usage and examples with DIS
AMIE virtual-world bridge connections

Test and Training Enabling Architecture (TENA)
interoperability

Add DIS support to major X3D players: BS Contact,
InstantReality, perhaps other codebases

X-Plane usage and examples with DIS

e Revisit scalable MMOG game server concepts

compare/contrast to SISO WebLVC work

Is another MMOG codebase really needed, or might
peer-to-peer (p2p) approaches prove sufficient?
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TODO #5: and more, here we go!

e Important thesis work now available

* Compare compression techniques using XML-based
Efficient XML Interchange (EXI)

* Encryption and signature of streams, PDUs
* Security considerations of Web-based DIS
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Partnership, sponsor opportunities

e DIS-XML encoding proposed and tested as
an addition to the DIS standard

e DIS-HLA bridge to an open-source RTI

e Consider integration with Test and Training
Enabling Architecture (TENA)

e Your project here?

3D )<3D
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X3D-Edit Authoring Tool
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X3D Scene Authoring Hints
e http://x3dgraphics.com/examples/X3dSceneAuthoringHints.html

X3D Graphics Specification
* http://www.web3d.org/x3d/specifications
+ Also available as help pages within X3D-Edit
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+ DIS Version Difference Guide
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Creative Commons open-source license

http://creativecommons.org/licenses/by-nc-sa/3.0
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Attribution-Noncommercial-Share Alike 3.0 Unported
You are free:
* to Share — to copy, distribute and transmit the work
* to Remix — to adapt the work
Under the following conditions:

* Attribution. You must attribute the work in the manner specified by the author or
licensor (but not in any way that suggests that they endorse you or your use of the
work).

Attribute this work: What does "Attribute this work" mean?

The page you came from contained embedded licensing metadata, including how
the creator wishes to be attributed for re-use. You can use the HTML here to cite the
work. Doing so will also include metadata on your page so that others can find the
original work as well.

* Noncommercial. You may not use this work for commercial purposes.

* Share Alike. If you alter, transform, or build upon this work, you may distribute the
resulting work only under the same or similar license to this one.

* For any reuse or distribution, you must make clear to others the license terms of
this work. The best way to do this is with a link to this web page.

* Any of the above conditions can be waived if you get permission from the
copyright holder.

* Nothing in this license impairs or restricts the author's moral rights.
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Open-source license
for X3D-Edit software and X3D example scenes

http://www.web3d.org/x3d/content/examples/license.html

Copyright (c) 1995-2013 held by the author(s). All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

e Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

e Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

e Neither the names of the Naval Postgraduate School (NPS) Modeling Virtual Environments and Simulation
(MOVES) Institute nor the names of its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS
OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

License available at
http://www.web3d.org/x3d/content/examples/license.txt
http://www.web3d.org/x3d/content/examples/license.html

Good references on open source:

Andrew M. St. Laurent, Understanding Open Source and Free
Software Licensing, O'Reilly Publishing, Sebastopol California,
August 2004. http://oreilly.com/catalog/9780596005818/index.html

Herz, J. C., Mark Lucas, John Scott, Open Technology
Development: Roadmap Plan, Deputy Under Secretary of Defense
for Advanced Systems and Concepts, Washington DC, April 2006.
http://handle.dtic.mil/100.2/ADA450769
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