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Abstract:  Research work in the UK to support the development of C2-Sim capability has 
included various architectural configurations to enable the UK to participate in a number national 
and international experimentation and demonstration events.  
 
Each event has needed its own configuration depending on specific requirements for: C2 
systems; simulations; schemas and middleware; networking specifics; non-BML applications; 
initialisation and operational objectives; and scenario aspects.   
 
In consequence it was decided by staff within the Defence Science and Technology Laboratory 
(Dstl) that the current C2SIM testbed capabilities should be re-examined and the supporting 
data captured in an architecture framework. In the UK this is the Ministry of Defence 
Architecture Framework (MODAF). The aim of the new architecture is to permit easier 
reconfiguration for new uses, which may include: 
 

 System Evaluation; 

 Training Capability – de-risking; 

 Operational Concept Development: 
o Mission Planning; 
o Mission Rehearsal; and 
o TTP Development and Evaluation. 

 
This paper describes the process and key architectural views developed to date. 
 
  



Introduction 
 
The UK Ministry of Defence (MoD) has been active in Command and Control (C2) to simulation 
(C2SIM) and simulation to C2 (SIMC2) interoperability research since the mid-1990s. One of the 
first major programmes was the Synthetic Theatre of War (STOW) project which was a joint UK-
US funded activity that was a distributed event that introduced the High Level Architecture 
(HLA) and utilised a C2SIM interoperability language known as Command and Control 
Simulation Interoperability Language (CCSIL).  
 
CCSIL had been developed by Mitre in the USA in order to connect C2 and simulation 
systems.[1] It was not utilised for simulation to C2. The culminating event took place in 1997, 
and CCSIL despite its intent had limited success and was considered difficult to use. In fairness 
CCSIL’s utility was limited by: 
 

 The availability of tools to support the development of tasking expressions; 

 No  tools to manipulate the LISP-based orders; 

 No ‘native’ support in any C2 applications. 

Further attempts to develop C2SIM interoperability languages followed. These were referred to 
as Battle Management Language’s (BML). A BML is described as the unambiguous language 
used to command and control forces and equipment conducting military operations and to 
provide for situational awareness and a shared, common operational picture. It was intended to 
provide a standard digitized representation of a commander's intent to be used for real troops, 
for simulated troops, and for future robotic forces. BML is particularly relevant in a network 
centric environment for enabling mutual understanding. 

The development of the Eagle Combat Model BML was an attempt to solve the C2SIM 
interoperability conundrum by the US Defence community of practice [2]. In the international 
C2SIM community there was a similar history of complementary efforts to achieve system-
independent technical and semantic standards for conveying information relevant to C2 from 
simulation systems. The need for common BML was identified by the U.S. Army's Simulation to 
C4I Interoperability Overarching Integrated Product Team (SIMCI OIPT) and they successfully 
carried out a Proof of Principle demonstration.[3]  

It was from these efforts that the international community came together under the umbrella of 
the Simulation Interoperability Standards Organization (SISO) to develop a BML that would 
support coalition operations this was referred to as Coalition BML or C-BML. In addition to C-
BML another form of BML was under development to support the US Army OneSAF 
Programme. This was the Military Scenario Definition Language (MSDL). MSDL is used primary 
for initialisation and C-BML for execution. Despite both taking longer than anticipated to become 
standards, they have been used in a number of experiments since their inception.  

Many of these experiments were conducted by NATO Modelling and Simulation Group (NMSG) 
048 and the follow on technical activity NMSG 085 and although it has been through the efforts 
for every event demonstration architectures had to be developed and these were primarily in 
tools such as PowerPoint and Visio and laid down the systems that were been used and the 

connectivity between them. An example is shown in Figure 1. 



 

Figure 1 – Demonstration Architecture at I/ITSEC in 2007 

Challenges 
 
With the ever increasing pace of digitization, the challenges faced in developing a C2SIM 
interoperability capability have increased. It is not only the interoperability semantic language 
that is required to exchange data but equally as important to understand the processes that 
need to be in place to enable C2SIM interoperability, the skills that may be required by staff 
operating the systems, and the appropriate systems and interfaces that need to exist.  
 
Although there have been numerous UK and other nation’s research activities that have sought 
to enhance C2SIM interoperability capability and vice-versa, each one has been independently 
conducted and the supporting architectures produced are similar to that illustrated in Figure 1. 
 
One of the challenges in conducting many of the research activities has been the ability to 
conduct repeatable events or utilisation of previous work. In part this was caused by limited 
resources to document and capture the architectures that were created to support the events 
being undertaken, and also the loss of skilled personnel who understood the requirements. In 
addition the use of architecture, in particular frameworks was less mature than is currently the 
case, and the availability of software tools was also a contributing factor. 
 
Architecture Approach 
 
In 2005 QinetiQ was tasked by the UK MoD under the Research Package “Training for Combat 
Readiness” to assess the utility of BML (Carlton, et. al., 2005) as an enabling technology to 
support interoperability within the context of a proposed Integration Coherence Framework 
(ICF). [4] 



At that time the research indicated that no one architectural approach will solve the integration 
problem and recommended that an ICF be developed to provide guiding principles for when and 
where particular architectural approaches such as the US Department of Defense Architecture 
Framework (DODAF)/UK Ministry of Defence Architecture Framework (MODAF), High Level 
Architecture (HLA), or XMSF should be applied. A secondary challenge was to recognize when 
there is no suitably mature off-the-shelf approach in a particular area in order to identify the 
need for refinement of an existing approach or development of a new one.   

It was clearly recognised that if the maximum benefits of C2 capabilities were to be realized, 
then C2 information must be passed in an unambiguous manner between C2 nodes and 
between C2 capabilities (including those of other UK services and other nations). 

Furthermore, to enable the concept of “train as you fight” for mission rehearsal and COAA, it is 
vital that C2 capabilities can unambiguously communicate with Collective Training, mission 
rehearsal, and decision support systems to pass C2 information in both directions. 

It has therefore been acknowledged that in order to achieve this it required an unambiguous 
structured language, rooted in doctrine, with the necessary protocols to enable communication. 
This to some extent meant that other aspects required to develop a persistent capability were 
not examined as closely as they should have been. 

 
Architecture Frameworks 
 
Several architectural frameworks1 (AF) exist for specifying the operational context of military 
capabilities in the form of a military Enterprise Architecture that is understandable by all 
stakeholders and includes the means to describe requirements, information flows, 
organizations, processes, interfaces, data, protocols etc). The principal frameworks are: 

 NATO Architecture Framework (NAF) [5];  

 US Department of Defense Architecture Framework (DODAF); 

 UK Ministry of Defence Architecture Framework (MODAF); 

 Canadian Department of National Defense Framework (DNDAF)2. 

All frameworks provide a number of views or viewpoints that can be used that facilitate system 
design. The UK’s MODAF contains seven views, at the highest level are the Strategic Views 
(StV) and the others include; Acquisition Views (AcV) Operational Views (OV), System Views 
(SV), Service Views (SOV) and Technical Views (TV) as illustrated in Figure 2. 

                                                                 
1
 http://www.iso-architecture.org/ieee-1471/afs/frameworks-table.html  

2
 DNDAF is currently at version 1.7 released on 30th April 2010 

http://www.iso-architecture.org/ieee-1471/afs/frameworks-table.html


 

Figure 2 – MODAF Views 

DODAF Version 2.0 has renamed views to viewpoints and includes many more including a 
Project Viewpoint (PV) and the TV in MODAF now is called the Standards Viewpoint (StdV). 
The change in terminology was in order to align with ISO Standards.  

Revision 3 of the NAF, promulgated in November 2007, is identical to MODAF at its core, but 
extended the framework by adding views for Bandwidth Analysis, SOA and standard 
configurations. In effect, the NAF is comprised of structural and behavioural views that include 
conceptual, logical and physical model views. The conceptual model (CM) is akin to an ontology 
and represents an operational view of what information is exchanged. The logical model (LM) is 
a Platform Independent Model (PIM) or domain model; it is a complete, normalized description 
of the information identified in the conceptual model. The LM may be broken down into 
additional horizontal/vertical layers (e.g. message models, capability packages). The physical 
model (PM) is a Platform-Specific Model (PSM) sometimes referred to as a message model. 
The LM is implementation independent while different PMs may be created to support various 
payload types (e.g. SOAP/XML RESTful/JSON, DDS/IDL, etc.). 

The Canadian DNDAF was based on DODAF but was subsequently developed to meet the 
specific needs of the Canadian Armed forces. 

An AF links operational needs to technical requirements and provides the necessary traceability 
to the solution through the definition of a formal model. This approach is quite flexible and 
therefore facilitates evolution of the requirements, model and or derived products. 

The value of an AF is that it allows the systems that must be integrated (e.g. simulations, C2 
software) to be compared in a like-with-like way, for example, to assess the degree to which 
they could interoperate at the business and technical level. It could support direct comparison 
and assessment of the systems, for example when determining how to implement particular 
levels of representation and stimulation, and the specific differences between two systems that 
require additional development activity. [4] 

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


Given the increasingly widespread use of MODAF3 within UK MOD to support procurement 
activities, it is therefore considered essential to more precisely understand how in particular it 
could be used to support integration of C2 with simulation systems.  

SINEX 
 
The NATO MSG-085 Technical Activity formed a series of Common Interest Groups (CIG) in 
early 2012 to address domain-specific issues for the Air, Land and Maritime domains. In 
addition a CIG was established in 2012 with the specific purpose of developing a prototype 
engineering process for the development and maintenance of a unified C2SIM Scenario 
INitialization and EXecution (SINEX) Model. As part of this activity, the group also developed a 
draft C2SIM Distributed Simulation Engineering and Execution Process (DSEEP) Overlay for 
the development of federations comprised of simulation and C2 systems. [6]  
 
Key objectives of the Requirements, Recommendations and Specifications (2RS) CIG  were 
documenting a formal process and creating a prototype production chain based primarily on 
existing COTS tools and those made available by the Multilateral Interoperability Programme 

(MIP) Block 4 Working Group. The SINEX process is based on the Systems Engineering 
iterative Vee-model adapted for the development of technical interoperability standards, 
described in the SINEX Process Description Document. [7] In Table 1 below there is a 
description of the components identified in support of the iterative Vee-model. 
 

Table 1 SINEX Production Chain Components
4
 [7] 

 
COMPONENT DESCRIPTION 

Requirements 
Editor  

Allows user to enter requirements into a workspace as per SINEX Requirements 
Management Process, based on the NATO Architecture Framework (NAF). 
  
Requirements can reference external sources or other requirements.  
 
Requirements have unique ID used for traceability purposes.  

Model  
Editor  

Allows the user to generate or revise Model Definition Packages (for Major Model 
Revisions) and also to generate Change Proposals (for Minor Model Revisions). The 
outputs of the editor are XML files that are used as inputs for the fully automated 
Model Processor. The editor also can generate RTF and HTML documents for Model 
Definition Packages and Change Proposal to facilitate the review process.  

Model  
Processor  

The Model Processor has two modes:  
 
1) model creation mode; and 
2) model revision mode.  
 
Model creation mode requires a model definition package that may reference a model 
that has been imported. The output of the Model Processor is a SINEX LDM. Model 
revision mode requires an existing SINEX LDM and a set of Change Proposals.  

                                                                 
3
 It should be noted that it is planned to replace MODAF v1.2.1 and NAF v3.1 with NAF v4 by merging 

both frameworks. The next stage proposed is to merge NAF v4 with a merged DODAF/DNDAF to create 
a Unified Architecture Framework. 

4
 Currently not all the software components used in the SINEX Process are open source and therefore not 

available for general use. The SISO C2SIM Product Development Group is investigating the availability of 
software components that can be used. 



COMPONENT DESCRIPTION 

Model  
Importer  

The Model Importer can import OWL Ontologies, XML Schemas and UML models 
such that they can be referenced by the requirements interface and/or by the model 
editor. This allows for re-use of existing models in several manners:  
 
1) direct re-use of data elements as part of SINEX LDM;  
2) reference to existing data element for the purposes of subsequent translation and 
mapping.  

Document 
Generator  

Allows for the automatic creation of documents based on the SINEX Workspace 
Package Structure. Document generation formats include HTML, RTF and PDF. 
Document content is based on information and diagrams comprising the SINEX 
Requirements Model and LDM, including inputs entered using the Requirements 
Interface and the Model Editor.  

Model  
Exporter  

The Model Exporter is based on the Model Driven Architecture approach and 
consists of a set of Model Transforms. In the short term:  
 
1) UML→XSD;  
2) UML→HLA-FOM; and subject to future research:  
3) UML→ JSON ;  
4) UML→ OWL; 
5) UML→ EBNF.  
 
The Model Export ensures that the various SINEX outputs or PSM representations 
are consistent and that they readily can be generated following a SINEX LDM major 
or minor revision.  

 
In the context of developing a UK C2SIM Testbed Architecture and the approach that was 
undertaken it was the view of the team tasked with development that the use of an AF as 
part of the production chain was a key component. A similar conclusion had been reached 
by members of NMSG 085 and was a conclusion reached by the authors of a paper 
presented at the Spring 2013 SISO Interoperability Workshop (SIW). [8] Neither NAF nor 
MODAF capture requirements explicitly although requirements can be derived from taking 
an AF approach. 
 
DSEEP 
 
The DSEEP, shown in Figure 3 , provides a framework for defining, constructing and executing 
distributed simulations. DSEEP overlays are defined to tailor the DSEEP for specific 
applications or use cases. Overlays have already been provided for HLA, DIS and Distributed 
Multi Architectures (DMA) (see [9][9] and [10]).  

 

Figure 3 – DSEEP Top-Level Process Flow View (IEEE 1730™ 2010) 



 
The C2SIM DSEEP Overlay is intended to help the user community better understand how 
C2SIM interoperability standards should be used to support (distributed) simulation 
environments that are connected to or part of a larger C2SIM federation. The C2SIM DSEEP 
Overlay describes recommended practices for applying DSEEP to the development and 
execution of distributed simulation environments that involve one or more C2 systems used to 
command and control autonomous and simulated entities. 
  
The two main contributions of the C2SIM DSEEP Overlay are:  
 

 A description of issues and recommendations related to the definition, development and 
execution of a federation of C2 and simulation systems; 

 A description of the additional inputs, tasks and outcomes for each of the seven DSEEP 
steps (see [9]).  

 
The NMSG-085 2RS CIG has made an initial effort for a C2SIM DSEEP Overlay. Additional 
work is required and should be extended to the larger community that could include participation 
from NATO and SISO:  
 

 Elaborate on the issues that have been identified; provide additional details concerning 
the C2SIM DSEEP steps (e.g. activity inputs, tasks and outcomes);  

 Define a C2SIM reference architecture.  
 
Both of these points were considered to be relevant in developing a UK C2SIM Testbed 
Architecture. 
 
Current UK C2SIM Testbed Capability 

 
The recent work of the UK C2SIM project has included various test-bed configurations to 
support different national and international experimentation and demonstration events including: 
Support to Anglo-French Interoperability Readiness (SAFIR), NMSG 048, 085 and 106, The 
Joint Operational Training System Concept Capability Demonstrator (JOTS CCD) and the 
Coalition Attack Guidance Experiment (CAGE). Each event has needed its own test-bed 
configuration depending on specific requirements for: C2 systems, simulations to be used 
(including DIS/HLA considerations), schema and middleware, networking specifics, non-C-BML 
applications to be used, initialisation and operational objectives and scenario aspects. In 
consequence it has been decided that the current C2-Sim test-bed capabilities should be re-
examined to show how they can be simplified to permit easier reconfiguration for new uses and 
to help make them easier to use in general. System configuration, initialisation and execution 
should be as easy as possible. 

The development of systems and networks which are easier to configure and use will underpin 
the establishment of persistent capabilities at Dstl, international and other sites. This will make 
the demonstration of national and coalition C2SIM capabilities and concepts much easier than 
at present and help foster the requirements in the user communities. 

Proposed Way Ahead for C2SIM Testbed Development 
 
The work to develop a way forward was organised as follows: 

 Review current capabilities; 



 Review potential future use cases; 

 Identify areas for development; 

 Develop a MODAF-compliant architecture of current and proposed capabilities; 

 Propose a “Way Forward” development plan for re-architected and new test-bed 
components. 

A number of previous C2SIM activities have been undertaken in the period between leading up 
to the end of 2013, many building on the experiences gained in earlier work supporting MSG-
048. From a UK point of view some of the main events may be summarised in Error! Reference 

source not found. below: 

Table 2 – Some previous uses of UK Test-bed Systems and Capability 

Date Event New Capabilities Comments 

Jun 2011 SAFIR  
Used BCIP/JSAF/Modified 
OpenBML GUI/SBML 

Anglo-French, focussed on exchanging 
plans, orders and reports between French 
and UK systems. Used French APLET 
system to support Joint Mission Planning 

Nov 2011 
I/ITSEC 
Demonstration 

Unified integration of 
systems using MSDL 
standards via SBML web 
services 

Use of C-BML for logistics operations and 
mission planning (DEU and FRA systems) 

Jan 2012 
FFI 
Demonstration  

Enhanced version of Nov 
2011 I/ITSEC demo 

One-off NOR/UK/USA demo to Norwegian 
defence staff 

Dec 2012 
MSG-085 I/ITSEC 
Demonstration 

Use of schema translation 
services 

 

Jun 2013 JOTS CCD Use of VMASC CBMS.  
Supported distributed (four UK sites) UK-
wide air-land event 

Oct 2013 CAGE IIIa 

Integrated C2-Sim test-
bed with CAGE Joint Fires 
system architecture, 
including UK autonomous 
UAS system 

TTCP Joint Fires experiment (CAN-AUS-
UK), integrated coalition C2ISTAR 
environment 

Nov 2013 
MSG-106 
Experimentation 

Use of PITCH HLA-E 
commercial products, use 
of DGA-developed C-BML 
FOMs 

Investigate use of C-BML FOMs in HLA-E 
environment 

Nov 2013 
MSG-085 I/ITSEC 
Demonstration 

Introduced C-BML/JChat 
Preparation for Ft Leavenworth, Kansas, 
USA demo 

Dec 2013 

MSG-085 Final 
Demonstration  
(Ft Leavenworth, 
USA + ESP + UK) 

Prototype use to support 
NATO COPD 

Demonstrated integrated use of C2-Sim 
for development of war-fighting plans and 
orders 

 
These activities may be classified as follows: multi-national (NATO, TTCP, Anglo-French, etc.) 
experimentation systems, multi-national demonstration systems, UK-only research activities. 
Inevitably all these involve a number of participating organisations and a degree of flexibility to 
set them up. The aims have been to show C2SIM information exchange, using structured data 



may be achieved using complex, heterogeneous federations of legacy systems. They have 
been used to support military activities such as mission planning, mission rehearsal, 
development of Tactics, Techniques and Procedures (TTPs), collective training and much else 
in joint, coalition environments. 
 
To support these activities a number of MSDL and C-BML software applications have been 
developed permitting MSDL and C-BML message processing to take place. Early versions of 
these applications were exchanged with Defence Research and Development Canada (DRDC) 
who reviewed and redesigned them for their own purposes, principally supporting the CAGE II 
event in 2012. DRDC then returned the modified system designs and software to Dstl. It is 
proposed that these modified components should be used as the basis for a future C2-Sim test-
bed architecture. 

The current UK capabilities allow a number of UK C2 systems to use an interim version of C-
BML, developed by MSG-048, and known as Integrated Battle Management Language (IBML) 
to task a limited number of simulations, principally JSAF but also to a lesser extent OneSAF and 
VBS2, with a number of representative air and ground tasks. Using C-BML middleware there is 
the capability to share common initialisation data (MSDL), and C-BML tasking and reporting 
messages with coalition C2 and simulation systems. 

A C-BML system, a system containing C2 applications integrated with a combination of other C-
BML-enabled C2, simulations, and robotic systems, may require any of the components or 
capabilities in:  

 C2 Systems 

 Simulations 

 Robotic Systems 

 Exercise Management Systems 

 Translator Capability 

 Standards and Schemas 

 Middleware 

 Networking Capability 

 Supporting Infrastructure 

 Human-Machine Interface Functions 

 
Future C2SIM Testbed 
 
The test-bed will be required to support a number of research and experimentation use cases 
and will be the basis for a readily configurable, permanent (or easily established and re-
established) coalition C2SIM capability. Example cases where the new capability will be used 
include: 

 Support for: 

o Multi-national events supporting TTCP, ABCA, NATO, Anglo-French and similar 
experimentation; 

o UK research programmes, e.g. SE Tower, Dstl research and experimentation 
activities; and 



o Development of prototype capabilities. 

 Integration of new or alternative C2, simulation, robotic and related capabilities; 

 Alternative C2SIM schemas, e.g. experimental variants of MSDL and C-BML and their 
next generation, SISO C2SIM; 

 De-risking training events; 

 Capability demonstration and education. 

Figure 4 shows the outline concept for the test bed required to support the above cases. For 
each specific research or experimentation task a different set of components drawn from a 
number of test bed capabilities would be. It should be noted that the test bed does not include 
the Non UK based location node (of which there could be several), and not all 
nodes/components are needed for all tasks. 

 

 

Figure 4 – OV1a Distributed Testbed Concept 

C2SIM Test Bed Architecture 

The initial set of views for the test bed to be developed includes: 

 AV1 – These include a number of specific AV1s that enable the user to understand the 
Architecture Meta-Model, provide an aid to navigation into the views modelled, and 
overview of architecture; 

 AV2 – These include Architecture Glossary, Data Dictionary, View Index and QA; 

 OV1a – A number of OV1a that illustrate the generic capability and specific aspects; 



 OV2 – A generic OV2 that shows in the form of need lines the requirement to exchange 
or share information with each node; 

 OV5 – Describes operational activities (or tasks); 

 SV1 – This links the operational and systems views by depicting how resources are 
structured and interact to realise the logical architecture specified in the OV-2; 

 SV4 – Functionality Description is the SV counterpart to OV5; 

 TV1 – Technical Standards which documents policy, standards, guidance and 
constraints. 

Choice of Architecting Tools 

There are a number of architecting tools that are readily available to support the development of 
an architecture using an AF approach such as MODAF or NAF. In the UK MOD the MooD 
software has been in use since the mid 1990’s. The architecture has been modelled using 
MooD 15 which is the latest version of the software. This is a modelling tool that enables the 
capture and display of complex designs, organisational structures and concepts including 
relational information that joins the whole design together. The data is held in a repository (MS 
SQL). Key features are; Themes, Elements, Definition Fields, Models and Measures. Other 
tools can be used but this software application is easier to use than many others. The 
architecture can be published as a web-enabled architecture. 

Current Status 
 
The model is DRAFT and is subject to review and revision. It is anticipated that new views will 
be added as the programme of work unfolds. To help develop the MODAF architecture, the 
main systems, requirements and supporting standards have been recorded in a simple spread-
sheet. 

Of the eight planned MODAF views described above, the following are contained in the initial 
draft architecture: 

 OV – three views: Distributed C2-Sim testbed concept, Initialisation concept and a 
generic C2-Sim Testbed node; 

 SV-1 – C2-Sim Initialisation and order processing; 

 TV-1 C2-Sim standards. 

Conclusion 
 
The current C2-sim test bed architecture requires further development and the Testbed itself will 
also need to be enhanced to enable new research tasks and experiments to be conducted and 
the TRL level of the capability to be improved to enable use by non-expert users. 

An approach based on discreet steps prioritised according to the need to support planned 
research and experimentation is the best method of delivering the required development to 
achieve maximum benefit and with minimum risk 
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