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Design principles

Open source for unrestricted use, no hidden dependencies
Specification compliance

Data definitions for repeatable autogeneration of source code
Quality Assurance (QA) through repeatable unit testing
Adopt, refine “best practices” for each programming language
Build community: public scrutiny, testing, improvements
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opendis/-source-generator Architecture

Strict adherence to publicly defined specifications

Autogeneration inputs: locally defined XML data structures for
IEEE DIS Protocol Data Units (PDUs) and published XML for
SISO-REF-010 Enumerations

Autogeneration of multiple production outputs

« codebases for PDU handling

« Enumeration classes for names/numbers/descriptions

 Utility classes for programmer support: networking, I/O, etc.
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SISO RPR XML
Enumerations update

XML definitions of
all enumeration
data structures

SISO C-DIS for I

| _ Compressed DIS |

IEEE _DIS PDUs

Standards 1271.1 thru 4
Protocol Data Units

definitions, behaviors

Ad hoc XML definitions
for PDUs and families

v

xslt stylesheet

:

Formal XML schema
for all PDU families

enable stream formats
DIS.xml and DIS.exi

opendis7-source-generator Architecture

opendis7-source-generator Library

Source Generators

opendis7-java Library

|

Read XML data-structure
definitions and

PDU creation,
accessors, utilities

autogenerate codebases

Enable entity definitions,
network read/write
and simulation support

Implemented: Java, Python
other languages possible

Logger file encodings:
DIS binary, plain text, XML
(TODO JSON, C-DIS, Turtle)

Enumerations
collecting 22,000
terms, values and

descriptions

Utility classes and
streaming support

Comprehensive
javadoc, unit tests,
jar deployment

Implemented in Java

edu.nps.moves.dis7.source.generato

r

I
L

Track management
and data analysis

opendis7-python Library

: opendis7.py
> python package
r ___________ A
|
|
L

. |
Utility classes and |
streaming support :
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Legend: references, source code, autogeneration inputs/outputs

Online: https://github.com/open-dis/opendis7-source-generator



PDU definition: all about the data

Data structures for all 72 IEEE DIS PDUs defined in .xml
* Further transformed as formal XML Schema for DIS documents
Enumeration types defined by SISO in .pdf .xslx and .xml

- Updated frequently, approved annually, working group process
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Entity State PDU (ESPDU)

Proto Ver Compat Ver Exercise 1D PDU Type PDU Status HDR Len PDU Length
Timestamp
Entity 1D Sequence Mumber
Entity Type
Padding
Entity Appearance Entity Capabilities

Entity Location

Entity Orientation

Force ID DRA Mum Variable Records (N)

Record Type = 2001 (Attached Parts Variable record) Record Length Padding Mum Parts

Var Rec 1
Aeday

Array of Attached Part record

Record Type = 2010 (Dead Reckoning Variable record) Record Length Padding

Entity Linear Velocity

Entity Linear Acceleration

Entity Angular Velocity

Variable Record 2

Padding

Variable Record 3

Variable Record N




@ File Edit Project XML JSON DTD/Schema Schema design XSL/XQuery Authentic DB Convert View Browser WSDL SOAP XBRL Tools Window Help 8 X
(e | MOy v BaEfEOE @, RE e R 0z N %@,
Project ax 2 é) =
@] open-dis7-source-generator 3 e <class name="EntityInformationInteractionFamilyPdu" id="1" abstract="true" inheritsFrom="PduBase" comment="Section 5.3.3. Common superclass for EntityState, a
BB DIS schema Collision, collision-elastic, and entity state update PDUs.">
-------- fih buildxml 4 . ., . . . . 11
7 5 <initialValue name="protocolFamily" value="DISProtocolFamily.ENTITY_INFORMATION_INTERACTION"/>
-------- [@ DIS_7_2012.autogenerated.xsd 6
-------- @ MergeOpenDisTemplatesintoDis7St 7 L </class>
-------- [ README.md -
Elﬁ‘ PDU representations 9 & <class name="EntityStatePdu" id="1" inheritsFrom="EntityInformationInteractionFamilyPdu" comment=" 7.2.2. Represents the position and state of one entity in the
@ DIS_7_2012.xml world. See 5.3.2.">
@ DistributedEmissionsFamilyPdus.xr|| 19
"""" e EntityinformationFamilyPdus.xml 11 <initialValue name="pduType" value="DisPduType.ENTITY_STATE"/>
-------- @ EntityManagementFamilyPdus.xml 12
-------- @ InformationOperationsFamilyPduss|| 13 S <attribute name="entityID" comment="Unique ID for an entity that is tied to this state information">
-------- rﬂ_—ﬂl,l LiveEntityFamilyPdus.xml 14 <classRef name="EntityID"/> |
-------- @ LogisticsFamilyPdus.xml 15 B </attribute>
-------- @ MinefieldFamilyPdus.xml 16
________ I RadioCommunicationsFamilyPdus.x 17 < <attribute name="forceId" comment="What force this entity is affiliated with, eg red, blue, neutral, etc">
________ @ README.md 18 <s::.soenum type="ForceID" comment="uid 6"/>
-------- @ SimulationManagementFamilyPdus ;g i </attribute>
% z;:;::::;xﬁ;;%ﬁ;ﬁE::nv:lt;;:llfE: 21 S <attribute name="numberOfVariableParameters™ hidden="true" comment="How many variable parameters are in the variable length list. In earlier versions of DIS
, . ’ these were known as articulation parameters">
........ @ WarfareFamilyPdus.xml 22 <primitive type="uint8"/>
‘BE8 SISO REF-010 enumerations 23 L </attribute>
-------- (e SISO-REF-010.xml 24
"""" @ SISO-REF-010.xsd 25 S <attribute name="entityType" comment="Describes the type of entity in the world"> .
26 <classRef name="EntityType"/> N Ps-d efl ned XM L
27 - </attribute>
4 28
e ax| 29 S <attribute name="alternativeEntityType"> data stru ctu res
30 <classRef name="EntityType"/>
31 - </attribute>
52 for DIS
33 S <attribute name="entityLinearVelocity" comment="Describes the speed of the entity in the world">
34 <classRef name="Vector3Float"/>
35 - </attribute>
36
37 S <attribute name="entitylocation" comment="describes the location of the entity in the world">
38 <classRef name="Vector3Double"/>
39 - </attribute>
40
41 S <attribute name="entityOrientation" comment="describes the orientation of the entity, in euler angles with units of radians">
42 <classRef name="EulerAngles"/>
43 - </attribute>
‘%’14 v
Text v | INEW Grid Schema WSDL XBRL Authentic Browser
Info @SISO—REF—MO.me @EntitylnformationFaminPdus.me @DIS_7_201Z‘autogenerated.xsd @I\/IergeOpenDisTempIatesIntoDis7Schema.stt @build.xml @DIS_?_ZMZ.me 4P



https://github.com/open-dis/opendis7-source-generator/tree/master/xml/dis_7_2012
https://savage.nps.edu/open-dis7-java/xml/DIS_7_2012.autogenerated.xsd
https://github.com/open-dis/opendis7-source-generator/tree/master/xml/dis_7_2012

@1 File Edit Project XML JSON DTD/Schema Schema design XSL/XQuery Authentic DB Convert View Browser WSDL SOAP XBRL Tools Window Help

=20 S X B MR Yy U Een[ IO LB 8 P mEA ] < > o .

Project ax %|§| QE| ('_'_‘)|
@ open-dis7-source-generator =f5| element DIS ann:
B DIS schema of2| element head ann:
"""" @ build.xml of2| element meta ann: Au to e n e rate d
-------- @ DIS_7_2012.autogenerated.xsd of8| complexType rootType ann: g
i MergeOpenDisTemplatesintoDis7S: comment EntitylnformationFamilyPdus.xml contains 7 classes
"""" @ READMEmd ) ofs complexType AttributeRecordSetType ann: X M L S c h e m a
1@ PDU representations of2| element AttributePdu ann:
........ D?S_?_2012.xrrrl . . ofs| element CollisionElasticPdu ann: f D I S
-------- @ DistributedEmissionsFamilyPdus.xm Ele . CollisionPdu - o r d o c u m e n ts
........ [Em EntitylnformationFamilyPdus.xml DE gemen - - - -
________ @ EntityManagementFamilyPdus.xmi ||-2 complexType Ent!tylnformatlonlnteractlonFamlIdeuType ann:
-------- @ InformationOperationsFamilyPdus.x DE slmmami An 3 E ann:
________ @ LiveEntityFamilyPdus.xm =fa|element EntityStateUpdatePdu ann:
________ @ LogisticsFamilyPdus.xml ~ comment WarfareFamilyPdus.xml contains 5 classes
........ @ MinefieldFamilyPdus.xml ofa|element DetonationPdu ann:
........ @ RadioCommunicationsFamilyPdus.x ofs|element DirectedEnergyFirePdu ann:
........ @ README.md of2| element EntityDamageStatusPdu ann:
-------- @ SimulationManagementFamilyPdus ofz|element FirePdu ann:
-------- @ SimulationManagementWithReliabi| |5 | complexType WarfareFamilyPduType ann:
-------- @ SyntheticEnvironmentFamilyPdus.xr comment LogisticsFamilyPdus.xml contains 7 classes
@ WarfareFamilyPdus.xml ofs complexType LogisticsFamilyPduType ann:
‘B8 SISO REF-010 enumerations =fa|element RepairCompletePdu ann:
"""" @ SISO-REF-010xml ofz|element RepairResponsePdu ann:
"""" @ SISO-REF-010.xsd ofs|element ResupplyCancelPdu ann:
=f5| element ResupplyOfferPdu ann:
< N D% element ResupplyReceivedPdu ann:
ofa| element ServiceRequestPdu ann:
Info 2x comment SimulationManagementFamilyPdus.xml contains 13 classes
B [] Enable Extended Schema Valida... I
f-n-No Schema Rule files assigned Attributes _ Identity constraints
2=l H
Name Type Use Default Fixed
protocolVersion xs:string
exerciselD xs:unsignedByte
pduType xs:string
timestamp xs:unsignedLong
length xs:unsignedShort
protocolFamily ~| v | DISProtocolFamily.ENTITY_INFORMATION_INTERACTION
family | | EntitylnformationinteractionFamilyPduType
forceld xs:string | A ]|
numberOfVariableParameters xs:unsignedByte | |
Text @ Grid W WSDL XBRL Authentic Browser
M @SISO—REF—MO.me ‘@EntitylnformationFaminPdus.me @DIS]_ZN2.autogenerated.xsd MergeOpenDisTemplatesIntoDis7Schema.xs|t ‘@build.xml‘@DlS]_Zm 2.xml

https.//savage.nps.edu/open-dis/-java/xml/DIS 7 2012.autogenerated.xsd



https://savage.nps.edu/open-dis7-java/xml/DIS_7_2012.autogenerated.xsd
https://savage.nps.edu/open-dis7-java/xml/DIS_7_2012.autogenerated.xsd
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@ File Edit Project XML JSON DTD/Schema Schema design XSL/XQuery Authentic DB Convert View Browser WSDL SOAP XBRL Tools Window Help

- & X
e BB MR OOy Y B ROE . [(BE e R oz % &,
Project ax 1 <?xml version="1.0" encoding="utf-8"?> >
@ open-dis7-source-generator 2 <?xml-stylesheet type="text/xsl" href="SISO-REF-010-spreadsheetml.xsl” title="SpreadsheetML" alternate="yes"?> -
BB DIS schema 3 <?xml-stylesheet type="text/xsl" href="SISO-REF-010-c99%h.xsl" title="C99 Header" alternate="yes"?>
________ @ buildxml 4 [=]<ebv xmlns="http://www.sisostds.org/schemas/SISO-REF-010/2.6" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:schemalocation="http://www.sisostds.org/
........ @’ DIS 7 2012 autogenerated.xsd schemas/SISO-REF-010/2.6 SISO-REF-010.xsd" title="SISO-REF-010-v30-DRAFT-20220129-d11" release="" date="2022-01-29" href="http://www.sisostds.org/doclib/doclib.cfm?
y - o 9 U SISO_RID_1003262" description="Enumerations for Simulation Interoperability" organisation="Simulation Interoperability Standards Organization">
-------- @ MergeOpenDisTemplatesintoDis7S A . 1
5 © <copyright><![CDATA[
"""" @’ README.md . 6 Copyright © 2010-2011, 2013-2022 by the Simulation Interoperability Standards Organization, Inc.
‘EE PDU representations 7 7901 4th St N, Suite 300-4043
"""" DIS_7.2012xml - _ 8 St. Petersburg, FL 33702
-------- % DistributedEmissionsFamilyPdus.xm 9 All rights reserved.
-------- EntitylnformationFamilyPdus.xml 10
-------- @ EntityManagementFamilyPdus.xml 11 Schema and API: SISO hereby grants a general, royalty-free license to copy, distribute, display, and
-------- @. InformationOperationsFamilyPdus.» 12 make derivative works from this material, for all purposes, provided that any use of the material
-------- @ LiveEntityFamilyPdus.xm| 13 contains the following attribution: “Reprinted with permission from SISO Inc.” Should
........ @. LogisticsFamilyPdus.xml 14 a reader require additional information, contact the SISO Inc. Board of Directors.
-------- @ MinefieldFamilyPdus.xml 15
________ fm RadioCommunicationsFamilyPdus.x 16 Documentation: SISO hereby grants a general, royalty-free license to copy, distribute,
________ @l README.md 17 display, and make derivative works from this material, for noncommercial purposes, provided that
’ ’ B 18 any use of the material contains the following attribution: “Reprinted with permission from SISO Inc.”
-------- @ SimulationManagementFamilyPdus N ; N N
. . . . 19 The material may not be used for a commercial purpose without express written
-------- @ SimulationManagementWithReliabi L. N
________ @l SyntheticEnvironmentFamilyPdus xi 20 permission from the SISO Inc Board of Directors.
’ 21
-------- @ WarfareFamilyPdus.xml 22 SISO Inc. Board of Directors 5. SISO-REF-010-2020: Reference for Enumerations for Simulation Interoperability
BB SISO REF-010 enumerations ) . ) S bilit
........ @ SISO-REF-010.xml 23 7901 4th St N, Suite 300-4643 ® https://www.sisostds.org/ProductsPublications/ReferenceDocuments.aspx SIS@ Slt':nud:r;snor:ggaci’fael‘l;zn”y
-Xm 24 St. Petersburg, FL 33702 ~
________ @ SISO-REF-010.xsd 25 | 113</copyright> (scroll down to bottom of page)
26 @ <r‘eviz)i/on§ uid="1" name="Revision Histor‘y">|:|</r‘evisions> e Abstract. SISO-REF-010 specifies numerical values and associated definitions for fields that are identified as enumerations in
958 P <dict uid="2" name="Acr‘onyms"> E(/dict> SISO Standards Products and SISO-sponsored standards published by IEEE for High Level Architecture (HLA) and Distributed
q » 2723 @ <enum uid="3" name="DIS-Protocol Version" size="8">|:|</enum> Interactive Simulation (DIS). Enumerations for simulations may be applied in other architectures, such as the Test and Training
Info ax| 2740 @ <enum uid="4" name="DIS-PDU Type" size="8">[...|</enum> Enabling Architecture (TENA).
2832 @ <enum uid="5" name="DIS-Protocol Family" size="8">|:|</enum> ® Resources include SISO-REF-010-2020 distribution, enumerations PDF and Operations Manual (OPMAN)
2857 @ <enum uid="6" name="Force ID" size="8">[...|</enum>
2890 @ <enum uid="7" name="Entity Kind" size="8">[...|</enum>
2902 @ <enum uid="8" name="Platform Domain" applicability="1,3-5,7-9" size="8">[...|</enum>
2918 @ <enum uid="9" name="Platform-Land Category" applicability="1.1.X" size="8">[...|</enum>
3654 @ <enum uid="1@" name="Platform-Air Category" applicability="1.2.X" size="8">[...|</enum>
3137 @ <enum uid="11" name="Platform-Surface Category" applicability="1.3.X" size="8">[...]</enum>
3224 ©  <enum uid="12" name="Platform-Subsurface Category" applicability="1.4.X" size="8">
3225 <enumrow value="@" description="0ther" uuid="c2eabbl8-5269-11df-alc6-080069138b88" />
3226 <enumrow value="1" description="SSBN (Nuclear Ballistic Missile)" uuid="c2ebc436-5269-11df-9f4f-080069138b88" />
3227 <enumrow value="2" description="SSGN (Nuclear Guided Missile)" uuid="c2ecd59c-5269-11df-a951-0806069138b88" />
3228 <enumrow value="3" description="SSN (Nuclear Attack - Torpedo)" uuid="c2ede806-5269-11df-91d5-080069138b88" />
3229 <enumrow value="4" description="SSG (Conventional Guided Missile)" uuid="c2eef200-5269-11df-b7f8-080069138b88" />
3230 <enumrow value="5" description="SS (Conventional Attack - Torpedo, Patrol)" uuid="c2f@0780-5269-11df-beb6-080069138b88" />
‘“’3231 <enumrow value="6" description="SSAN (Nuclear Auxiliarv)" uuid="c2f1136e-5269-11df-827f-080069138b88" /> v
| Text v | [NEW Grid Schema WSDL XBRL Authentic Browser
Info @SISO-REF-OW.me @EntitylnformationFaminPdusme @DISJ_ZM24autogenerated4xsd MergeOpenDisTempIatesIntoDis7Schema4stt @buildxml @DIS_7_20124me 4 b

https://raw.qgithubusercontent.com/open-dis/opendis7-source-generator/master/xml/SISO/SISO-REF-010.xml 11



https://gitlab.nps.edu/Savage/NetworkedGraphicsMV3500/-/tree/master/specifications
https://raw.githubusercontent.com/open-dis/opendis7-source-generator/master/xml/SISO/SISO-REF-010.xml

Javadoc

describes Java interfaces in detail,
providing online documentation and context-sensitive help

Be sure to update or add Javadoc entries in your programs.
Having Javadoc available greatly aids understanding and will
often uncover flaws that might otherwise go unnoticed.

Guidance:
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https://docs.oracle.com/en/java/javase/17
https://www.oracle.com/technical-resources/articles/java/javadoc-tool.html

< C O B8 https://savage.nps.edu/open-dis7-java/javadoc/

PACKAGE CLASS USE TREE DEPRECATED

open-dis7 Javadoc

B 9% ©® =

open-dis7 Javadoc

SEARCH: |2, Search X

A

% The open-dis7-java library provides a complete type-safe Java implementation of both the DIS Protocol version 7 (IEEE 1278.1-2012) and SISO-REF-010 Enumerations specifications, interfaces and objects, all as open source.

e Over 22,000 SISO-REF-010 enumeration values are provided.

e edu.nps.moves.dis7.pdus package contains IEEE DIS Protocol Data Unit (PDU) packet-definition classes.

e edu.nps.moves.dis7.utilities package contains network interface and data-conversion utilities.

e edu.nps.moves.dis7.utilities.stream package contains stream utilities for DIS file saving, conversions and playback.
o Experimental DIS XML schema™ and documentation ™ assist with data-centric processing of DIS streams.

Distribution binary available at open-dis7-full.jar®. Further examples, presentations and projects are provided in Networked Graphics MV3500 course archive by the Modeling, Virtual Environments, Simulation (MOVES) Institute™ of

the Naval Postgraduate School (NPS)¥.

Package

edu.nps.moves.dis7.entities

edu.nps.moves.dis7.entities.afg.lifeform.land
edu.nps.moves.dis7.entities.afg.platform.land
edu.nps.moves.dis7.entities.alb.platform.surface
edu.nps.moves.dis7.entities.are.platform.air
edu.nps.moves.dis7.entities.are.platform.surface
edu.nps.moves.dis7.entities.arg.munition.antiship
edu.nps.moves.dis7.entities.arg.platform.air
edu.nps.moves.dis7.entities.arg.platform.subsurface

edu.nps.moves.dis7.entities.arg.platform.surface

OPEN_DIS)

Description

The entities packages provide a large number of autogenerated utility classes for world entities of interest.

Afghanistan (AFG) LIFE_FORM LAND typed classes for world entities defined by SISO-REF-010-v30-DRAFT-20220129-d11 (2022-01-29)
enumerations.

Afghanistan (AFG) PLATFORM LAND typed classes for world entities defined by SISO-REF-010-v30-DRAFT-20220129-d11 (2022-01-29)
enumerations.

Albania (ALB) PLATFORM SURFACE typed classes for world entities defined by SISO-REF-010-v30-DRAFT-20220129-d11 (2022-01-29)
enumerations.

United Arab Emirates (ARE) PLATFORM AIR typed classes for world entities defined by SISO-REF-010-v30-DRAFT-20220129-d11 (2022-01-29)
enumerations.

United Arab Emirates (ARE) PLATFORM SURFACE typed classes for world entities defined by SISO-REF-010-v30-DRAFT-20220129-d11
(2022-01-29) enumerations.

Argentina (ARG) MUNITION ANTI_SHIP typed classes for world entities defined by SISO-REF-010-v30-DRAFT-20220129-d11 (2022-01-29)
enumerations.

Argentina (ARG) PLATFORM AIR typed classes for world entities defined by SISO-REF-010-v30-DRAFT-20220129-d11 (2022-01-29)
enumerations.

Argentina (ARG) PLATFORM SUBSURFACE typed classes for world entities defined by SISO-REF-010-v30-DRAFT-20220129-d11 (2022-01-29)
enumerations.

Argentina (ARG) PLATFORM SURFACE typed classes for world entities defined by SISO-REF-010-v30-DRAFT-20220129-d11 (2022-01-29)
enumerations.

https://savage.nps.edu/open-dis7-java/javadoc 3



https://savage.nps.edu/open-dis7-java/javadoc

U Networked Graphics MV3500 examples - Apache NetBeans IDE 12.6 - X
File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help Q- search (Ctrl+I)
PRHGEED 0B R E DE awesnd - @ FTH D-BR-HO0O0Gadandm EEmEe0Oacn 0
Projects - open-dis7, MV3500 Networ... | Files X | Favorites - ..3d ‘ @ ExampleSimulationProgram java X ‘ @ SimulationManager.java X \@ build.xml [MV3500 pdu capture logs] X | D AllPduReceiverLog.txt X | D ExampleSimulationProgramLog.txt.. 4 » ¥ O
5. ; N . - = : I
[pNetworked Graphics MV3500 Source | History |16 [ - B -| Qe &5 B L9 & B[ 2u[@ 0|l ®
"EloNetworked Graphics MV3500 assignments 1 . ~
: . n
B Networked Graphics MV3500 examples . ) . -
: X 2 * Copyright (c) 2008-2022, MOVES Institute, Naval Postgraduate School (NPS). Alll rights reserved.
@ BasicServletDemo ) ) ) ) ‘ ) )
b DisDemo 3 * This work is provided under a BSD open-source license, see project license.htiml and license.txt
8 . . 4 * @author brutzman@nps.edu
: @B DisShooting 5 y
: WebsocketGatewa - . . -
gﬂb id Y 6 package OpenDis7Examples; / —_ - - = ¥ (r r ; ( (\ = ) = \ L
: ui -
| v CAAITIPDISONTILIaCON~rogralil. jeve
‘B3 dist S < - — - = = — — 4 — —
. 8 import ...13 lines
'ElanbprOJect o1
[+ [Tgpdulog . . . . . s . .
BB orc 22 /** The purpose of this inheritable class is to provide an easily modifiable example simulation program
; 23 * that includes DIS-capable entities performing tasks of interest, and then reporting activity wvia PDUs
[ HttpServietExamples
. 24 * to the network.
1 OpenDis4Examples L . . .
£ [EY——— 25 * Default program initialization includes PDU recording turned on by default.
- ,:_|, 4 v 26 * @see <a href="https://gitlab.nps.edu/Savage/NetworkedGraphicsMv3500/-/blob/master/examples/src/OpenDis7Examples/ExampleSimulat
ExampleSimulationProgram.java - Navigator X - 27 */
— @ public class ExampleSimulationProgram
Members v | <empty> v Lo 26 (
E"lfb ExampleSimulationProgram A 30 protected boolean verboseComments = true;
""" <& ExamplesimulationProgram() 31 static final String NETWORK ADDRESS DEFAULT = "239.1.2.3";
""" ¢{» ExampleSimulationProgram(String address, int port) 32 static final int NETWORK_PORT DEFAULT = 3000;
""" O getNetworkAddress() : String 33 String networkAddress — NETWORK ADDRESS DEFAULT;
""" O getNetworkPort() : int 34 int networkPort — NETWORK PORT DEFAULT;
""" O getTimestampStyle() : TimestampStyle 35 String thisHostName = "localhost";
""" % handleArgs(string ] args) 36 String DEFAULT OUTPUT DIRECTORY = "./pduLog";
""" O initializeSimulationEntities() 37
""" O isVerboseComments() : boolean 38| [E] /** seconds for real-time execution (not simulation time, which may or may nlot be the same) */
""" (b main(string]] args) 39 double currentTimeStep = 1.0; // seconds
""" © runSimulationLoops() a0| [ /** initial simulation time */
""" © sendAllPdusForLoopTimestep(EntityStatePdu entityState 41 double initialTime = 0.0;
""" O sendCommentPdu(VariableRecordType commentType, 42| /** current simulation time */
""" % sendSinglePdu(Pdu pdu) 43 double simulationTime;
""" O setNetworkAddress(String newNetworkAddress) 44
""" (O setNetworkPort(int newNetworkPort) 45 /% *
""" O setTimestampStyle(TimestampStyle newTimestampStyle 46 * Output prefix to help with logging by identifying this class (overridden in subclass) .
""" O setUpNetworkinterface() 47 */
""" O setVerboseComments(boolean newVerboseComments) 48 protected static String TRACE PREFIX;
""" (O tearDownNetworkinterface() v 49 B
< > . I I P . R - v
i < >14
R =
@088 ® 8 s S o




-
Q.
| -
Q)
O
X
()
)
>
O
—a
=
(4V)
| -
(@)
O
| -
al
-
O
)
©
>
=
0
Q
Q.
=
)
>
LL]

100
101
102
103

public void initializeSimulationEntities ()

{

entityID 1.setSitelID(

entityID 2.setSiteID(

entityStatePdu 1.setEntityID(
entityStatePdu 1.setForceld(

1) .setApplicationTID(

1) .setApplicationID (

entityID 1);
ForcelD.FRIENDLY) ;

entityStatePdu 1.setEntityType (new 00lPoseidon()):;

entityStatePdu 1.setMarking (

) r

entityStatePdu 1.getMarkingString():

entityStatePdu Z.setEntityID(
entityStatePdu Z.setForceld(

entityID 2);
ForceID.OPPOSING) ;

entityStatePdu Z.setEntityType(new 002Triton());

entityStatePdu Z.setMarking(

munitionDescriptorl.setQuantity (

firebPdu la.setDescriptor(

simulationManager.setDescriptor (

simulationManager.addHost (

) ;

1):

munitionDescriptorl) .setRange (

thisHostName) ;

simulationManager.setDisThreadedNetworkInterface (

2) .setEntityID( 3):

2) .setEntityID( 4) ;

1000.01f) ;

)7

disNetworkInterface);




opendis Python project

Testing legacy python DIS using a software-defined radio.
(a) GNU Radio block diagram,
(b) Ettus Research USRP B205mini-i Software Defined Transceiver,
(c) ADS-B PDU Encoder console output,
(d) Wireshark UDP network capture of ADS-B messages,
(e) backyard antenna position,
(f) demodulated signal response,
(g) radio transceiver box with USB connection.
rmﬁ A . = =
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UHD: USRP Source Time ICA0O Callsign A'Lt cltmb Speed Hdng Latitude Longitude
Stream args: B205i : {aq

Aupenics o 1S :30: aco8fa SKW5025 11150 -1280 398 -74 42.8322950 -89.2147391

Samp rate (Sps): 2M ADS-B Framer _

ChO: AGC: Default Detection Threshold: 10m :30: a3alcc 24100 -960 441 -26 42.5952976 -89.9870336
:30: aas8b74 128 413 -169
: 30: a43b04 N3718T 8050 192 135 -154 43.1376801 -89.5318674

ChO: Gain Value: 100
ChO: Gain Type: Absolute (dB)
ChO: Antenna: RX2

2301 a2d8db N2828B 40225 -3392 580 -30 42.9291237 -89.0175738

:30:10 a05225 N121D 21000 64 285 -2 42.9336090 -89.5163461
:30:10 a16862 N190OCE 2200 -192 135 43.1164856 -89.4494061
T F :30:10 a35e3c N316MP 3225 -448 99 59 43.0941514 -89.3744332
. . . . Message Filter: Extended Squitter Only Socoded] :30:10 a54501 3125 128 122 58 43.1247253 -89.
{ ADS-8 Demod demodulated! demodulated g or Correction: None T :30:10 a36e61 ASA1014et240250 0 443 '

Sample Rate: 2M oy st i :30:10 a5ff57 N486ER -1 1024 95 43.1620245 -89.

find QT GUI Time Sink Jo. Time Source Destination Protocol Length Info

Number of Points: 300 26971 1196.4973536... 127. 127.8.8.1 DIS 186 PDUType:

Constant Source ﬁ Sample Rate: 2M 26972 1196.4978965.. 127. 127.8.6.1 DIS 186 PDUType:
Constant: 10m — Autoscale: Yes a 26973 1196.4980517.. 127. 127.8.8.1 DIS 185 PDUType:
26974 1196.4982870.. 127. 27.6.0.1 :

- ' - 26975 1196.4987409.. 127.
ia 26976 1196.4988770.. 127.
‘ ESEM ; ) 26977 1196.4990076.. 127.

P ARCT e AREID HELAES 26978 1196.4995425.. 127.
_ 26979 1196.4997723.. 127.
P | -2 - A 26980 1196.4999055.. 127.
- Eeie "';; geg !l!! ] 26981 1196.5000341.. 127.

— : ‘ d 26982 1196.5003034.. 127.
26983 1196.5004986.. 127.
26984 1196.5006301.. 127.
26985 1196.5007579.. 127.
26986 1196.5008794.. 127.
| ® 26987 1196.5010054.. 127.
P"Q CH THH o : 26988 1196.5011609.. 127.

b o E' mt"_l Extra: ©

T Mrerenecc

|W? ﬂ. 2“";"3;”;5 '
Mkﬂﬂm'%h&@Lf

Time {us)

00000000 D00 O
[cRcNoNoN-RoNoRoRoRoRoRoNoRoNoNoRoN-)
L S gy o Y

= 08 uuﬁn

;;' _-

u iy
- :, . 5 - Entity Linear Velocity
igz Xz ‘543
Y: 6
Z: 0

~ Entity Location
X: 42.9538429

Y: -90.6040519
Z: 29000




NPS course MV3500 Networked Graphics Simulation

C @ O B8 https://gitlab.nps.edu/Savage/NetworkedGraphicsMV3500 0% Ty ¥ =

. _ . [
& GitLab = Menu 7 Search GitLab Q D® Hv @ @~ @ v
Please review any and all PUBLIC repositories, groups, and associated files. These allow anyone on the Internet to access without authentication. Repository and group owners are responsible for their content and permission settings. Go
y p group y p ry group P p g

N  NetworkedGraphicsMV...
to your project(s), click on Settings > General and expand the "Visibility, project features, permissions” to change this setting.

(] Project information
€ savage > NetworkedGraphicsMV3500

B Repository

L (e NetworkedGraphicsMV3500 & Q v [ rstar2] ¥ Fork 13

31 Merge requests N Project ID: 1563 3

g ci/cp
-0- 2,439 Commits % 1Branch < 0Tags [%] 795.5 MB Files 795.5 MB Storage

O Security & Compliance
Source code and resources for Networked Graphics course MV3500

) Deployments
N B B

L3 Monitor
NetworkedGraphicsMV3500 / | + v History Find file Web IDE & v

Infrastructure

All course assets are
Students use version control

- -
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https://gitlab.nps.edu/Savage/NetworkedGraphicsMV3500

B £ *Adspter for loopback trffic capture - X
File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help
: = .de Bl] & T
made XRC Q& = A= Qe F ‘ REIR Qaa_and = ‘
[ cp.port == 3000 [| p.port == 3000) 8.ds =3 )+
W [udp s ais BT -]+ Tine DefaTme Souwce  Destration Protocol Lenghh Info D
o. Time source Destination Protocol _Length  Info A| - 30417623098 0.000000 10.0.0.20 239.1.2.3 OIS 176 POUTypes 1 Entity State, Other, Other, (2:0:8)
) 3105 17629374 0.006276 10..0.20 239.1.2.3 DIS 128 POUType: 2 Fire
1058 274.217173  172.20.223.70 239.1.2.3 DIS 700 PDUType: 1  Entity State, Other, Other, (8 106 17 ca0008 0000594 10.6.0.20 2391 2.5 OIS T 5 FnE
1060 275.862604  172.20.223.70 239.1.2.3 DIS 630 PDUType: 1  Entity State, Other, Other, (8:0: 3107 17.630656 0.000615 10.0.0.20 239.1.2.3 DIS 92 POUType: 4 Collision
1062 276.217818  172.20.223.70 239.1.2.3 DIS PDUType: 1 Entity State, Other, Other, (0:0:0) €0 AR (HCZ7E EHKFD B3 5 QLD B S (s
g - 3109 17.631811 0.000553 10.0.0.20 239.1.2.3 OIS 60 POUType: & Resupply OfFfer
1081 277.863769  172.20.223.70 239.1.2.3 DIS 674 PDUType: 1  Entity State, Other, Other, ( 110 17622568 0000575 10.0.0. 20 299.1.2.9 OIS T 7 Py Frete
1083 278.229691  172.20.223.70 239.1.2.3 DIS 796 PDUType: 1 Entity State, Other, Other, (8 3111 17.632968 0.000584 10.0.0.20 239.1.2.3 DIS S6 POUType: 8 Resupply Cancel
v 3112 17.633545 0.000577 16.0.6.20 239.1.2.3 DIS 60 PDUType: 9 Repair Complete
- - - - - N A|| 313 17.630128 6000579 10.0.0.20 235.1.2.3 b1 60 PoUType: 10 Repair Response
Frame 1062: 732 bytes on wire (5856 bits), 732 bytes captured (5856 bits) on interface \Device\NPF_{C83E7248-F10F-4805-867B-22B46BOAFOGE}, id © 114 17, 6a4675 0000995 10.0.0. 20 299.1.2.9 OIS ey i Gty
Ethernet II, Src: 02:50:41:00:00:01 (02:50:41:00:00:01), Dst: IPvdmcast_01:02:03 (01:00:5e:01:02:03) 3115 17.635251 0.000572 10.0.0.20 239.1.2.3 DIS & POUType: 12 Remove Entity
Internet Protocol Version 4, Src: 172.20.223.7@, Dst: 239.1.2.3 3116 17.635844 0.000593 10.9.0.20 239.1.2.3 DIS 76 POUType: 13 Start / Resume
’ M 3117 17.636630 ©.860786 18.0..20 239.1.2.3 DIS 72 PDUType: 14 Stop / Freeze
User Datagram Protocol, Src Port: 3000, Dst Port: 3000 3118 17.637972 0.001342 10.0.0.20 239.1.2.3 DIS 64 PDUType: 15 Acknowledge
v Distributed Interactive Simulation 3119 17.640451 0002479 10..0.20 239.1.2.3 DIS 72 POUType: 16 Action Request
« Header 3120 17.64198 0.001517 10.0.0.20 239.1.2.3 OIS 72 PouType: 17 Action Response
. 3121 17.642957 0.000959 10.0.0.20 239.1.2.3 OIS 72 PouType: 18 Dsta Query
Proto version: IEEE 1278.1-2012 (7) 3122 17.643463 0.000506 10.0.0.20 239.1.2.3 OIS 72 PouType: 19 Set Data
Exercise ID: @ 3123 17.644083 0.000620 10.0.0.20 239.1.2.3 OIS 72 PouType: 20 osta
PDU type: Entity State (1) 3124 17.644583 0000500 10.0.0.20 239.1.2.3 OIS 72 PouType: 21 Event Report
. S . ) . 3125 17.650408 0.005825 10.0.0.20 239.1.2.3 OIS 144 PoUType: 22 Conment v
Proto Family: Entity information / interaction (1)
Tinestamp: 00:60.060800 (relative) e bytes on wire (1408 bits), 176 bytes captured (1408 bits) on interface \Device\WPr_Loopback, id 0 NullLoopback
PDU Length: © Internet Protocol Version 4, Src: 10.0.0.20, Dst: 239.1.2.3 P bl b 2
PDU Status: 0x@0 User Datagram Protocol, Src Port: 3000, Dst Port: 3000 Family
. ~ Distributed Interactive Simulation
Padding: 0@ Pisirituted interactive Sinulat
v Entity State PDU M ln;emet Protocol Viersion 4
; [T A A W L AR A AR SR A A
v Entity ID Entity ID s
Entity ID Site: @ Number of Articulation Parameters: @
Entity ID Application: @ v Entity Type, (2:0:2:0:0:0:8) Identifcation Flags Fragment Offset
i ity: ind: Other
Entity ID Entity: © pomain wsf 29) Time to Live | Protocol Header Checksum
Force ID: @ Country: Other (@)
Number of Articulation Parameters: @ Category: 8 Source Address
Entity Type, (0:0:0:0:0:0:0) sbetegory: © Destration Address
Alternative Entity Type, (0:0:0:0:0:0:0) Roanine
Entity Linear Velocity Alternstive Entity Type, (0:0:0:0:0::0) User Datagram Protocol
Entity Location Entity Linear Velocity Pov i b @S s b &
Entity Orientation ¥ ettty Location Source port bestraton Port
Appearance: @x20000000 vi2 Length Checkeum
Dead Reckoning Parameters v
v Entity Orientation Payload
01 00 Se 01 02 03 62 50 41 00 00 01 @8 00 45 00 AP A E ~ =i
02 ce 66 5d @0 ac 01 11 d3 b6 ac 14 df 46 ef o1 £] F g:ma ° Distributed Interactive Simulation
02 03 60 00 00 00 00 00 00 00 00 00 00 00 00 00 Sopenianee: oxovanoom T T
00 00 00 00 00 00 07 60 1c 06 00 @0 60 00 00 00 . . . bond Reckoning Paraneters Header
Entity Marking
Frame (732 bytes)  Reassembled IPv4 (2074 bytes) Capabilities: 0
(O 7 Distributed Interactive Simulation: Protocol Packets: 1083 - Displayed: 225 (20.8%) Profile: Default (5 7 Tartitem (text), $2bytes T T ) T

NDPS)
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https://www.wireshark.org/

Test Scenario for Playback Compression

Raw DIS PDU Data from Simulation or Live Streaming:

-1

Dead Reckoning (DR)

Sliding Window Interpolator for X3D Animation Playback:

|
X3D PositionInterpolator,
Orientationinterpolator

Omitting repetition for constant motion
yields significant stream compression

2021 Virtual Simulation Innovation Workshop (SIW) for chosen dEgree of ﬂde“ty 10 SIS({) =




LVC playback Scan Eagle telemetry

3DBrowser Options  Help Thu Oct 14 8:19

Xj3D Browser - Aviatrix3D

| : ] Location: file:/Users/terry/javaapis/robodata/DFDL/dataFormats/klv/src/main/resources/edu/nps, <
Projects X
S
[HgSource Packages
I’} src/main/resources
[ edu.nps.moves.klv.x:
53] kiv-hello.x3d
\;j package-info.javd
5 edu.nps.moves.kIv.x:
edu.nps.moves.kIv.x:
Test Packages
src/test/resources
Libraries
Test Libraries

kiv-hello.x3d - Navigator x [}

&4® Scene
\“/ e%:‘ @ ;1 %- u} € Scan Eagle port side 8 »

File '/Users/terry/www.web3d.org/x3d/content/examples /Savage/Locations /MontereyBayCaliforr 22.2 !m-

~ Xj3D_-_NPS_GitLab (run) bodata - /Users/terry/javaapis/robodata x Debugger Console x KLV (run) x

. [PDUs successfully sent for this loop]
sending PDUs for simulation step 505, monitor loopback to confirm sent
... [PDUs successfully sent for this loopl
sending PDUs for simulation step 506, monitor loopback to confirm sent
... [PDUs successfully sent for this loopl
sending PDUs for simulation step 507, monitor loopback to confirm sent
+.. [PDUs successfully sent for this loopl

" o

0:00:08
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https://savage.nps.edu/videos/ScanEagle-KLV-3D-2021-10-13.mov

Track distillation, replay, visualization

Now working to refine processes for linear-regression curve fits
and track distillation to encourage further analytic assessment

Treating Track as a first-class media type, augmenting with KML
waypoints and X3D interpolators is valuable for gaining insight
and understanding

AC
AC

justing timestamp epoch to commencement is enabler for LVC
ding COMMENT PDUs as narrative, plus diversity of DIS PDUSs,

orovides rich capabilities for recording/analyzing simulations

with real-world experimentation
B THE MOVES INSTITUTE

N
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C2SIM: Command and Control for Simulation

SISO standard, NATO interoperability experimentation, much activity.
DIS seems to be a good complement for state updates.

Command and
Control Systems
C 2 p /"",-_d_‘h--“""--.._\l

/  Robotic \
Simulation C2SIN Messages I1 and '
M &S Systems (Orcers, Reports, etc.) | Autonomous |
\ Systems /

Autonomous d

System
ata- ase




Future work: lots

Compressed DIS (C-DIS) PDU encoding and DIS version 8
Unit testing suites might lead to conformance criteria

Multiple encodings tested: DIS binary, plain text, XML, EXI, JSON
PDU track classes for scenario analytics

Conformance tests for specified DIS behaviors

Publishing libraries of repeatable examples and tests
Your project here...

T-Em,-.,'ﬂ—nf MOWVES INSTITUTE
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openc
openc

openc

Conclusions and Recommendations

IS/ source generator is working and repeatable
is/-java is working and ready for broad use
is/-python testing and refinement has begun

Now that stable design is achieved, much greater presence in
github forums is planned, all participation is welcome

DIS offers opportunity for mainstreaming M+S in many ways

T-Em,-.,'ﬂ—nf MOWVES INSTITUTE
M L I T o | PO SsS T G READL % T E S C H OO L
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Availability

OpenDIS on github

MV3500 Networked Graphics Simulation course

o
with
.,_(EEEL,THE MOWVES INSTITUTE
M oA N AL F O ST G RADLLATE 5 C ool

N
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https://github.com/open-dis
https://github.com/open-dis/opendis7-source-generator
https://github.com/open-dis/opendis7-java
https://github.com/open-dis/opendis7-python
https://gitlab.nps.edu/Savage/NetworkedGraphicsMV3500
https://gitlab.nps.edu/Savage/NetworkedGraphicsMV3500/-/tree/master/conferences/IITSEC2021

Contact

Don Brutzman

Code USW/Br, Naval Postgraduate School
Monterey California 93943-5000 USA
1.831.656.2149 work
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