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ABSTRACT: The 2008 SIMCI Combined project resulted in a successful robust demonstration of integration
of Battle Command, Simulations, and emerging Technology. The 2009 SIMCI Combined project is being
executed by a team from Project Manager Battle Command (PM BC), PM OneSAF, and George Mason
University. It will expand the standard, Net-Centric Enterprise Services compatible, web-service interface
between simulations and BC which can be re-used readily by many systems. It also will expand the standard
Army Net-Centric Data Strategy compliant, JC3IEDM based, mediation capability for BC and Simulation
systems to use. The capability provided includes advanced technology support for automated plans, orders,
and reports that will reduce training costs and improve tactical operations effectiveness. The products from
this project will be incorporated as part of the Battle Command Common Services within the Army BC
System by PM BC and fielded as part of the C2 Adapter within OneSAF by PM OneSAF. The tools and
reusable components are also being provided to the ArmyCIlO/G-6 for standard common Army wide use.

The purpose of SIMCI is tochieve full interoperability
between Modeling and Simulation (M&S) systems and
The Simulation to C4l Interoperability (SIMCI) Battle Command (BC) syems as an integral part of the
Overarching Integrated Product Team (OIPT) manag@§quisition process, from capabilities determination
the SIMCI program. The SIMCI OIPT was chartered ifhrough fielding and sustainmer8IMCI provide policy,
FY2000 by the Deputy Under Secretary of the Army foProcess, organizational, and technical recommendations
Operdions Research (DUSA OR) and the Army Chiefo Army Leadership that will improve M&S and BC
Information Officer (CIO/G6). The SIMCI OIPT is eo Systems irgroperability.

chaired by the Program Executive Officer for Commandrhe giMCl objectives includémproving the operational
Control & Communication S_ystems_, Tactical (I_DEO Q3befectiveness of BC systems by:

and the Program Executive Officer for Simulation,
Training, and Instrumentation (PEO STRI). The OIPT
currently includes 3 member organizations representing
material developers, combat developers, and policy ¥
makers, working across the TEMO, ACR and RDA
domains, including the live, virtual, constructive, anst te
communities. The SIMCI OIPT leadership is made up of ¥
a ninemember executive council with a core group for
decision making.

1 Background

¥ Achieving standardized/common interoperability
solutions between M&S and BC systems.
Ensuring alignment (and commonality, where
feasible) of M&S and BCsystemsO standards,
architectures, data, components, and services.
Enhancing future the ArmyOs
LandWarNet/Battle Command (LB) capabilities
through increased M&S and BC integration and
interoperability.



¥ Institutionalizing interoperability designs and ¥ Provide standard JC3IEDM compliant mediation

processes for both M&S and BC systems. capability foruse byBC and M&S systems.
Current Battle Command (BC) and Modeling and ¥ Extend currently implemented intgrerability to
Simulation (M&S) applications do not share a common include support for automated Plans, Orders, and
data model. Even within the Battle Command domain or Reports.

within the Modeling and Simulation domain, virtually
every instanceof each of type of system &ats own
representation of data which is not common. ¥ Build an ABCS Battle Command Common
Server Data Mediation Service (DMS) to
mediate between the ABCS DDS data format
and the USIC3IEDM data forrat

The objectives of this project are

The Army and JoinC2 communitiesare attempting to
solve this data model inconsistency by standardizing on
the JC3IEDM as the Common Data Model. Legacy

systems such as efireg BC and M&S most probablhyill ¥ Incorporate a JC3IEDM mediation service into

not reimplement their internal data models to be the the C4l Adapter and augment OneSAF to accept

JC3IEDM. electronic automated plans and orders

The SIMCI OIPTfunds smallprojects that address key ¥ Build a generic Army JC3IEDM Reference

SIMCI issues/shortfalls. One of those projectsvides a Implementation (RI) Web interfacéncluding a

standard NeCentric webservice interface bewen M&S publishsubscribe capability, that is NCES

and BC which will provideimproved BC systems compliant for incorporation into the C4l Adapter

operations, training, and testing in Army, Joint, and and the DMS

coalition environmentsThis project is called the SIMCI

Combined Project since it is the integration of three ¥ Incorporate the standa_trd Army ‘]C3.|EDM

individual projects. Software Development K_|t Java Classes into the
Reference Implementation (RI) for the CA4l
Adapter and the ABCS DMS

2 Project Descrigion ¥ Incorporate the Battle Managementariguage
common method to exchange electronic

2.1 2007 Phase 1 Project automated Plans, Orders, and Reports
information in the RI for the C4l Adapter and

The 07 SIMCI funded program combined the efforts of ABCS DMS.

the Common C4l Adapter team with the PM Common

Software team to add JC3IEDM support to the Commog Project Leads

C4l Adapter as well as interfiag it to the ABCS

developed SADI SOAP servgia JC3IEDMusing a Web ¥ Dr. Stan LevineSIMCI, ProjectArchitect

Service interface The objectives of this combined effort ¥Mr. Ted Troccola Battle Command Technical
were accomplished in the resultant interfaces developed Lead

and demonstratedto the SIMCI community at the ¥ Ms. Lori Topor, Modeling & Simulation Technical
November €8, 2007 SIMCI meeting. Lead
2.2 2008 Phase 2 Project ¥Dr. Mark Pullen, Battle Maragement Language

TechnicalLead

In its 2008 program SIMCI funded a JC3IEDM

Combined Project (JCP). Igoalwasto extend currently 4  Battle Command (BC) Design and
supported data sets to include Plans/Orders, Tasid Implementation Plans

Materiel, thereby increasing information exchange

capabili_tie_s between the M&S and ABCS communitiesThe Army Battle Command System (ABCS) community
The exsting Battle Management Language (BML)distributes data via the Data Dissemination Service
solution vas leveraged to exchange Plan/Order and TasipDS). The format of this data is specified by the Publish

information. The objectivavas met jointly by teaming and Subscribe Services (PASS) schemas.
three individual SIMCI projects of PM Battle Command,

PM OneSAF, an@eorge Mason university (GMU Data providers advertise datahile data consumers
subscribe to receive information via DDS. To avoid
The pupose of this projeavasto: many pointto-point connections, as well as data

transldions, the data is distributed in the format of the
¥ Provide standard NCES compatible wedyvice PASS schemas.

interface between M&S and BC which can be re
usedreadily.



Details about how DDS works and the content of thé.2  Architecture

PASS schemas are available on the Army Knowledg - .
Online (AKO) websitg6] ES shown inFigure 1. ABCS DDS DMS Architecture, the

ABCS DDS DMS consiss of two components the
Documentation describing which systems publish anddvertised Data Mediation Service and aJ{S3IEDM to
subscribe toecific data is also on the AK[F]. PASS translator

The Army Battle Command System (ABCSPpata TheData Mediation ServiceOs advertig¢8DL is that of

Dissemination Service (DDS) Data Mediation Servicehe USJC3IEDM Reference Implementation (RI)As

(DMS) provides a USJC3IEDM Web Service intéace to mentioned previouslythe USJC3IEDM Rlis a reusable
the ABCS communityOne of theprimary functiors of component thatvasalso builtas part of the SIMCI FY08
the ABCS DDS DMSis to mediate between the US Combined Project.

JC3IEDM and Rblish and Subscribe ServicesAES) The second component, the US3IEDM to PASS

data formats. translator is responsible for mediating between the two

4.1  Overview data formats.It acts as apublisher and subscrib&s both,

the USJC3EDM RI and DDS. The data received by the
| is mediated and distributed to tRBCS community
nd viceversa.

Currently, Web Serviceprovide the preferred means of
communications for distributed systems. The ABCS DD
DMS will be deployed as a Web Serviemd fielded as

part of Battle Command Common Sensdce 4.3  Supported Data

Because the entire ABCS community exchanges datdhe DMS distribute data to the ABCS community using
using DDS and the PASS XML schemas define tha total of ten PASS data schemas.general description
format of thedata distributedn DDS, theDMS acs as a of the data mapping included in Table 1 belowAny
gateway to the entire ABCS community by translatindABCS systems that advertise or consume ddtshese
foreign data formats to thimternal ABCS format (PASS) typesis able exchange data using the services provided by
that is exchangedithin the ABCS community. DMS. Since the DMS is using 8JC3IEDM as its

Instead of exposing a PASS XML interface, the DMSexternaI data standard, these systeans OC3IEDM

exposs a Web Servicenterfacethat is based on the US complian0
JC3IEDM. This component is known as the -US PASS SCHEMA US-JC3IEDM DATA
JC3IEDM Refeence Implementation (RI) angas also

built as part of the FY08 SIMCI Combiné&luoject. POSRPT Fnendly/NgutraI
organizations
ABCS Community ENEMY-SIT Hostile/Unknown
organizations, features
and facilities
BECS Services — OBSPOS Uncorrelated
e hostile/unknown
organizations
GEO-REF Uncorrelated unknown
o facilities and features
> GRAPHICS Friendly/Neutral/Hostile
norrorganizations
TASK-ORG Friendly Organization
Structures
ORG-STAT Organization Status
IND-WARN Same or similar mapping
as ENEMY-SIT
CTFP Same or similar mapping
as ENEMY-SIT
SIG-ACT Same or similar mapping
as ENEMY-SIT

Figurel. ABCS DDS DMS Architecture ]
Table 1 PASS Schema to USC3IEDM Data mapping



4.4 DMS in the SIMCI FY08 Combined project this form of security based on requirements for fielding

Plan and order informatiowas generated in the ABCS on part of the BCCS

systemstranslated to USC3IEDM and sent to the M&S 5 Modeling & Simulation (M&S) Design

_systems_ The simulation syst_ems ack on th_e order and Implementation Plans

information andbegan executing the simulation. The

information was thentranslated back to USC3IEDM As noted above,wrent Battle Command and Modeling

and sent to the ABCS community. When receivedigis and Smulation applications do not share a common data

translated to the PASS data format and distributed to tieodel virtually every instance of each of type of system

ABCS community via DDS. each haveits own representation of data which is not
common. We are addressing this using the JC3IEDM as a
common model for data.

J2EES Container Legacy systemsush as existing BC and M&S most

probablywill not reimplement their internal data models
to be the JC3IEDM, however. This woultequire
tremendous time and monegnd would provide little
value add for the legacy systems that have few, if any,
new requirerents to fulfill (i.e. are in Maintenance
e eecet|  mode). If a capability existedush that different data
model implementations (BC and M&S) could be
translated to a common implementation of the JC3IEDM,
f and a OstandardO translator from the JC3IEDM to the
b target dita model representation (JVMF 6017, Simulation
one FOM representation, etc.) were available, tremendous
o reuse of translation code could be available for other
Figure 2. SIMCI JC3IEDM Combinedject SDK R applications with requirements_ to intg_rface to the same
with Scripted BML Capability target data model repre;entanon. In idd, fu_ture BC
and / or M&S applications that had requirements to
interface to the target data model would be able to OtalkO
4.5 DMS enhancements in FY09 to the legacy applications via the common JC3IEDM
interface.

US-JC3IEDM |, api catbact| ‘API
Java Client Y

BML
Client

LSUCSIEDMY _web Repl:
‘Web Client X

l:l =BML team

[ = cai Adapter Team
= SDK Team

= Validator Team

Entity Beans (SDK Generated
|US- JCIIEDM classes w/ BML

i i

Although a success, the FY08 effort and demonstratiorhe purpose of the Modeling and Simulation JC3IEDM
identified areas that required attention in order to readylan is to bud a Common JC3IEDM applicatiothat

this solution for fielding. enhance the maturity of the tools and services available
to access the JC3EDM, as well as enhance the maturity of
the actual data model itself. In addition, the purpose of the
M&S plan is to build translators and toolsat can be
feused or enhanced by M&S applications in addition to
Battle Command systems in order to be JC3IEDM

. . . compliantandto natively interface to external systems via
not trivial, andthe internal management of mediators wa P Y y

. X N JC3IEDM.The C4l Adapter team is responsible for
not scalable. These issues will be addressed in this yeqy |F'ding the JC3IEDM Referencémplementation as
effort.

shown inFigure 2.
The mapping betweehC3IEDM and PAS$s developed
and maintainedy the US MIP community. The FY08
effort identified problems wherhandling OlogapleO
JC3IEDM data entities. In order toensure maximum
interoperability with the coalitiorthis modulewill once
again be utilized However, loggable data entities will be
handled differently than neloggable data entities. This
will ensure accurateada when sharing historical data

The DMSOarchitecture was chosen to enable gimple
introduction of other mediators. The plugdesign that
was originally implemented was less than optimal. Th
ability to create mediator plugps was not as easy as
initially desired, the ability to enable/disable pling was

The design of the JC3IEDM Reference Implementation
(RI) (Figure 2) uses current industry standards such as
Service Oriented Architecture (SOA) and J2EE, is publish
/ subscribe based, and has been designed and
implemerted with reuse and extensibility as two driving
requirements. The RI specifically has been built so that
any application that has the need to interface to the
JC3IEDM will be able to use and enhance the RI to suit
Also, security was not addressed in the FYO8 solutioits unique requirements. Much effort Hasen expended
The DMS team will bereating web service handlers thaton ensuring a loose coupling (facilitating maximum reuse
support using TS3 security for the web service interfacy disparate applications), while still providing rich
The handlers will be bundled as part of the Ridse by JC3IEDM functionality.

all future Rl users. Ae DMS teancthose to implement



The RI has been built, integrated and tested in cooperatitim become Oedeveloper® working to augment their
with the other teams as shown the precedig diagram. additional functionality using the open sour@meSAF
This has enabled early feedback and robust test lbpde basendredeliveing their updates back to the base
external users, thereby hardening the RI in the process. program to be merged intm apcoming OneSAF release.
It is anticipated that the JC3IEDM tools and applications
that get Orolled backO into the OneSAF code base will

Reusable Mappings greatly enhance the rsability and richness of the
Source Destination  JC3IEDM applications available for new or existing
JC3IEDM users to use.
JC3IEDM Simulation
” ” specific
— 6 Battle Management Language (BML)

XML Design and Implementation Plans
J=

Simulation “

specific

Tactical 6.1 BML Schema and Web Services

sbuiddey uone|suel |
sbuiddey uone|suel |

y

\ﬁ> Jc3lEDM | A significant goal of the Simulation and C2 technical
communities for some years has been the ability to
communicate plans, orders and status information
unambiguously and with semantic coherence among C2
and simulation systems without human intervention.
Toward this end, the Battle Management Language
The C2 Adapter also includes a Mapper GeneratgBML) concept has been developed over the past several
Application which allows creating translation mappingyears in a sequence of projects beginning with the original
via a GUI (Figure 3) These translation mappings are thésIMCI BML proof of principle and extending through the
runtime code that is executed to transform the input dad@int Battle Management Language (JBML) proof of
into the desired output data. The GUI displays the Otedncept, as described inl][ The JBML prgect
and OfromO data models and allows dragging aé@monstrated use of BML involving ground, air and
dropping from the input source to thedtination source, maritime C2 systems (two of them operational military
including reusable and extendable OconvertersO betwsgstems) that provided orders to two interoperating
the data sourcehat come into playhen the form of the versions of the Joint Semi Automated Forces (JSAF)
parameter needs to change (such as modification to thignulation. The JBML schema is structuredunrd the
format of the datd¢ime group, or string to integer, or moreC2 Lexical grammar (C2LG) introduced by Schade and
complicaed converters). Hieb [2]. The JBML Web Services were used in 2007 for

.a complex, multinational demonstration of-Sithulation
As part of the JC3IEDM effort, the Mapper Generator 'fhterop%rability as decribed in [3]
i .

being enhanced so that part of the Translation Mappin
files can be reused, greatly enhancing the reusability &f the 2008 SIMCI Combined project, the JBML Web
the translation mappings. For example, when a Mapp&ervices were replaced by an improved design, the
file is created d translate between the OneSAF ObjecBcripted BML Web Servicpt], as shown in Figure 4.
Database (ODB) to the JC3IEDM database, another user
who wanted to be able to create the same JC3IEDM Tomcat / Axis

interaction could OneseO the mapping to the JC3IEDM (CAEDM ] oo
and insertits own source data as the OfromO interac Input——» a— o

As more and more translation mapping files are create S~ BMLServices

map to and from the JC3IEDM, users who also requ le—Response—— <J:vca3§ggﬂds
creating these same JC3IEDM database interactions will

be able to easilyeuse andmodify the resultant code

Figure3. Mapper Generator

created via the Mapper Generator aptiian.
The JC3IEDM Reference Implementation as well as the ) _ ) )
Mapper Generator application will be configuration Figure4: Scripted BML Web Service

managed and available via PM OneSAF, which is #he ScriptedwWeb Services subsequently were used by the
GOTS opersource application available to valid NATO MSG-048 Technical Activity m a particularly
gOVernment (-)rga.n|zat-|owshena Distribution Agrement Compe”ing demonstration, where three national C2
has been signed with PM OneSAF. The model fagystems interoperated with three national simulation
OneSAF enhancement is that organizations which requiggstems with both Orders and Reports exchanged via
enhancements to the OneSAF code base are encourag®fl as shown in Figur& and described in5]. MSG-



048 was chartered to investigatend validate the tables). Whereas the JBML Web Services were coded in
capability of BML to function in a coalition environment. the Java language based on IDEF1x diagrams that define
The configuration of Figure5 was their second the mapping process, the IBML Web Services provide a
experiment and demonstration of such a capability. It wasripting environment where the mapping information is
assembled in onljour months from initial agreement by coded in nachinereadable XML files The scripting
using the Scripted Web Services, slightly enhanced toenvironment, in turn, is composed of Java code using the
meet MSG048 needs, as an open source Referen@AX and DOM parsers that are available, open source, as
Implementation, accessed over the Internet from GMU. part of the Java support environment. The scripted BML
Web Servicewill be available as open sourceftgaare on
GMUOs BML web site.

= NOCF;TSC' spz The Army BML Architectureand MSG048 projects are
s cae = planning to use the Scripted BML Web Services produced
FFI C2IEDM Gateway by the SIMCHICP []. As a result, future changes and
CBML XML fle plugein enhancement to BML Web Services will require only
= orers changes to thechkema and the associated XML script.
| Icc C2LG Reports scipio | N This will expedite the development process and also will
Air C2IS Orders =) . . . . . . e
o transiatiy = simplify validation of the service design. In addition to
Reports =N the scripting capability, th&criptedBML Web Services
L, Lo will replace the previous JBML database accesger
= | isis P‘JCZLG 4 =with the SIMCHICP System Development Kit (SDK)
8 nacas = % = Reference Implementation (RI), incorporating a

ISIS translator C-BML XML file plug-in

publish/subscribe mechanism and JC3IEDM validation as
Bgers  descibed above and shown in Figuze

Figure5. MSG-048 I/ITSEC Demonstration 7 Demonstration
Configuration

The project demonstration was held on 19 Novemb

2008. The Demonstration diagram is shown in Figure 6.
The line of development leading to the JBML Schema
and Web Swiices has continued. Significant O n O
developments include a geospatial BML (geoBME) [ m_ DI
sponsored by TEC. GeoBML schema and services are ’ B |co i sl
being combined with the JBML work in a new project
called Integrated BML (IBML), also sponsored by TEC.
The goals of IBMLare (1) to integrate the JBML and el
geoBML schemas and Web services, (2) to include *4t,(-.1/0!
support for Situational Awareness (SA) reports, and (3) to 2
ensure that the resulting schema and Webs services ar{ Adapter !
extensible and consistent with the C2LG grammar. While VMF .
IBML is being developed for geospatial use, it is open (g
source software that also provides a S|gn|f|cant{; 8

JBCZ

MCT PVD L

R (H0PP
"H$9%6&!()!
*+#,(-.1/0!

enhancement for other activities such as the SHICP NI
and NATO MSGO048. The IBML schemaincludes 4 BTG
transition support for the original JBML capability as _sL 1— \
extended for MSG048; the digitized US Army e XL WS
Operations Order (OPORD) Schema as developed for
geoBML, including a basic operations order and
Fragmentary Order (FRAGO); and a Reports schema. Figure6. Combined ProjedDemonstration
Primary input for the OPORD and FRAGO schemas are ] )

being developed by AS, while MSG048 has proviced Configuration

primary inputs for the Reports schema The steps of the Demonstration are as follows:

The GMU C4l Center also is participating in the SIMClp p Al systems are Prinitialized with the Task

JCP to provide a BML capability. The target here is drganizatior® DIV DBDE - BN DPCODUAYV Plt
capability to create and validate BML Business Objecty . OneSAF sends starting location and materiel
composed of multiple JBEDM entities {.e. database nformation for all Friendly Units




A - Location information will be received by the Acknowledgments
FBCB2 (via JVMF) ) _
B - Location and Material information will be received The authors of this paper are only a fraction of the team

by MCS via the RIs, JBDM, DMS, and DDS responsible for the success of this effort. All team
2 B CAPES/JTCW tasks UAV Recon PLT to go to andneémbers need to be recognized, in particular the

A - OneSAF sends UAV PLT LDR position reports toViecore FSD Ing.Brad Norris, Noah Guilbault, and Eric

FBCB2 by JVMF Tichi, Northrop GrummanDouglas Corner, Samuel

B - OneSAF sends UAV posith reports to MCS Singapogu, Nicholas Clark, and Priscilla McAndrews
through the Rls, JC3IEDM, DMS, and DDS GMU C4l Center

C - OneSAF notifies NVIG of UAV movement through
HLA and NVIG simulates the video feeds on the JBC2S 9  References
4 b OneSAF creates 12 UAV sensor reports (4 UAVs

sensing 3 enemy units each) [1] Levine, S., M. PullenM. Hieb, C. Pandolfo, C.
A D OneSAF sendshe reports to the FBCB2 (via Blais, J. Roberts and J. Kearly, OJoint Battle
JVMF) and through the RI to tHeevell FCS Fusion Management ~Language (JBML) Phase 1
SurrogateR| via XML WS Development and Demonstration Results,O IEEE Fall
B DLevell FCS Fusion Surrogate correlates the 12~ Simulation Interoperability Workshop, Orlando, FL,
reports into 3 enemy units 2007

C D Levell FCS Fusion Surrogate sends the R
correlated report through tHBMS RI, JC3IEDM, and [2] Schade, U. and M. HiebOBattle Mangement

DDS to the MCS Language: A Grammar for Specifying Reports,O
5 - MCS sends CTRL Measures via DDS through the EEE Spring Simulation Interoperability Workshop,
DMS, JC3IEDM, RIs, to OneSAF 2007, Norfolk, VA

6 DThe CAPES/JTCW orders OneSAF unit (1 Company

to move and attack (the order includes the route to takdl Pullen, J.et al, NATO MSG048 Coalition Battle
and when to start) Management Initial Demonstration Lessons Learned

and Way Forward, IEEE Spring Simhation
8 Summary/Conclusions Interoperability Workshop, Providence, RI, 2008
[4[ Pullen, J., D. Corner and S. Singapogdciipted
Battle Management Language Web Service Version
¥ The modifications/extensions to the C4l Adapter 1.0Operation and Mapping Description Langugde
capabilities (including the RI) will be included in C4l IEEE SpringSimuation Interoperability Workshop,
Adapter employment managed by PM OneSAF. 2009, San Diego, CA

¥ The DMS (including the RI) will be fielded by PM [5] Pullen, Jet al., Adding Reports to Coalition Battle
BC as part bthe BCCS within the ABCS system of Management Language for NATO MS@&80 Joint
systems. SISO/SCS European Multiconference, July 2009,
Istanbul, Turkey

The project will transition many products:

¥ The tools and reusable components (including the RI)
will be provided along with the JC3IEDM SDK for [6] Hieb, M., M. Powers, J. Pullen, and M. Kleinek,
standard common Army use. GeaspatialBatie Management Language (GeoBML)
for Terrain Reasoningpaper 110, 11th International
Command and Control Research and Technology
Symposium, Cambridge, UK, 2007

¥ Planning for integrated CM angrocesses for the
maintenance of products and docuntaion will be
included in standard Army processes.

This project is being executed byceoss functionateam [7] deReus, N, Krom, P., Schade, U. and J. Pullen, Battle

from PM OneSAF, PM BC, an@MU. This project will Management Language: Proof of Prireipnd
result in standard interfaces for BC to M&S Future Developments, paper 8166,
interoperability that will support both current edgilities InterService/Industry Training, Simulation and
and future capabilitiedt will support more efficient and Education Conference 2009, Orlando, FL

effective transition to NCES and Army JC3IEDM

compliance.It has been estimated that this project wil[8] Army Knowledge Online (AKO) websiteith ABCS

provide for significant cost savings as a result of DDS and PASS information

becoming a standard M&S to B6terface standard. https://www.us.army.mil/suite/collaboration/folder V
.do?foid=6857797




[9] AKO website with @cumentation describing which
systems publish and subscribe to specific :data
https://www.us.army.mil/suite/folder/9868500
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