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Abstract

The Synthetic Environment (SE) Tower is one of the UK MoD’s Batch 1 Towers of Excellence, established to provide a mechanism to enable MoD, Industry and Academia to work together on future areas of research for mutual benefit. 

The objectives of the SE Tower Exploitation Special Interest Group 5 (SIG5) are to enable and encourage pull-through and exploitation of Modelling, Simulation & Synthetic Environments (MS&SE) techniques, technologies & experience developed in the warfighting focused defence capability acquisition and training domain to support other related defence domains.

This paper present activities, deliverables, and lessons learnt on the first contracted phase of work ‘DIMSO’ – focused on the ‘Demonstration of an Integrated M&S Tool Suite to support Deployed Forces in conducting full spectrum of current operations, particularly for planning & training’. A prototype tool suite demonstration was successfully ‘deployed’ to the Land Warfare Centre, Warminster, in March 2008.
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1
Background

1.1
Synthetic Environment Tower of Excellence

The SE Tower is one of MOD’s Batch 1 Towers of Excellence established to provide a mechanism to enable MOD, Industry and Academia to work together on future areas of research for mutual benefit. A number of Special Interest Groups (SIGs) have now been established as part of the SE Tower to further investigate the requirement for research into SE technology and the application of that technology.

1.2
Special Interest Group 5 - Exploitation

The objectives of Special Interest Group 5 (SIG5) are to enable and encourage pull-through and exploitation of Modelling, Simulation & Synthetic Environments (MS&SE) techniques & experience developed in the Warfighting-focused defence capability acquisition and training domain to support other related defence domains.  

SE Exploitation is seen as the process of enabling transition from MS&SE research to beneficial application, and of identifying new applications, thereby delivering tangible benefits to the defence and other communities.  The SE Exploitation theme undertakes this by identifying stakeholder opportunities, MS&SE solutions and trends and, where appropriate, feeding technology maturity requirements into other SE Tower SIGs.  The goal is to promote and demonstrate the maturity of research topics and applications to the point that a stakeholder grasps the SE potential within this context. 

SIG 5 has identified 3 orthogonal yet inter-related dimensions to the potential exploitation of MS&SE:

· Stakeholder domain, e.g. Warfighting, Operations Other Than War (OOTW) etc.,

· Application, e.g. support to capability acquisition, planning, training, 

· Technology / ‘media’, e.g. simple model, complex simulation, ‘live’ synthetic environment

The first contracted research programme within SIG 5 had the objective of demonstrating an integrated modelling, simulation and synthetic environment (MS&SE) tool suite to support deployed forces conduct their missions and tasks across the full spectrum of military capability; especially in the prepare phase by supporting pre-deployment training (PDT), mission planning and rehearsal.

2
Project DIMSO

2.1
Introduction

Within the SE Tower of Excellence Thales leads a team comprising Aegis Simulation, HVR, QinetiQ and SCS to undertake the ‘Deployed Integrated Modelling & Simulation for Operations’ (DIMSO) project. The DIMSO project has demonstrated an integrated modelling & simulation (M&S) tool suite to support deployed forces conduct their mission full spectrum of military operations.

As network enabled capabilities and supporting doctrine evolve, there is an increasing ability for Joint and Coalition operations at the most tactical levels. A key deliverer of this capability is the human element supported by the information and training to improve trust and collaboration and improve Commander’s situational awareness and decision making. The use of affordable, rapidly-adaptable and deployed Modelling, Simulation and Synthetic Environments  (MS&SE) can greatly enhance theatre specific, pre-deployment training and in-theatre mission preparation, planning and rehearsal. These can offer direct benefit in support of current operations.

Integrated MS&SE suites based on affordable commercial technologies can provide rapid generation of 3D terrain, specific to a theatre of interest, with accurately modelled communications, ISTAR, kinetic and non-kinetic effects and interactive opposition forces and civilian populations. These offer the benefits of improved operational readiness brought through faster and more cost effective delivery, with less time away from home in the weeks before deployment, and once deployed, the ability to better prepare and adapt to the evolving situation. In some circumstances these are the only way to affordably deliver the necessary advances in the human line of development.

High fidelity MS&SE suites are available today and are contributing to preparation and pre-deployment training of UK forces deploying to theatres. Many of these have emerged in ad hoc fashion to fill gaps in current capability. A comprehensive understanding of the user need is required to better target efforts in this area and the DIMSO project will demonstrate the deliverable benefits to current operations and beyond.

2.2
Aim & Context

The DIMSO research project has the following overall stated aim:

‘To demonstrate an integrated M&S tool suite to support deployed forces in conducting the full spectrum of current operations, particularly for planning and training’

It arose as a result of a perception in MoD that current UK operations are not fully supported by an extant training, mission planning and mission rehearsal capability. Whilst the existing capability satisfies many of the requirements, it does not exhibit all of the functionality required by forces deploying to and deployed on current operations. However, the need to support other operations needs consideration when determining overarching DIMSO requirements which should consider all aspects of the Contemporary Operating Environment (COE).

The technical concept behind this programme was to examine the derived requirement, establish a clear architectural framework, survey available technology and bring together elements from the SE toolsets which provide the maximum military benefit to the roles assigned. To ensure that the derived system could align to operational needs, it was decided to select a current deployed Mission Planning Toolset yielding a realistic series of operational tools, and a rapid route for operational exploitation if the research proved successful. The visualisation aspects were provided by the use of currently favoured M&S toolsets from within the extant UK capability. This provided both a test of the tool in a realistic operational capability, and a method to assess how close the tools came to meeting expectation against a current operational scenario.

2.3
Methodology

The programme was split into 4 tasks representing distinct phases of the programme. The initial task set out to detail the requirement, and determine the specific desires of the operational community against current operations. Once this element was established, the team sought to create an operational scenario to exercise the system against these requirements. The second element sought to synthesise an initial system design from extant and available design elements to execute the operational vignette established in Phase 1. The third phase refined the design and scenario components to lead to a demonstration of the complete system against the agreed scenario in front of a group of relevant stakeholders. At all stages, there was direct interaction with the stakeholder community to ensure that both the system design and the scenario were endorsed by the commissioning authority. The final phase sought to collect all customer and stakeholder feedback into a Final Report containing feedback, conclusions and recommendations for future research. 

2.4
Requirement Development

Task 1 commenced with a survey of the Stakeholder community conducted by an acknowledged team of experts with experience in the fields of military operations, training and support to operations fields. They targeted and approached key stakeholders to successfully capture preliminary user requirements. Existing SE capability was analysed to identify those areas of the “Support to Operations” capability that are least well served, in order to identify gaps, which need to be addressed. The outcomes were analysed, initially on a ‘by-service’ basis before being reduced to the following core set of DIMSO User Requirements (see Table 1).

Table 1 – DIMSO User Requirements

	Ref
	Operational Baseline Statement
	Remarks

	DIMSO 

OBS 01
	The ability to plan quickly and iteratively tactical land operations which require air and/or maritime support 
	Tactical level comds should be able to:

Capture the relevant environmental and operational features in the model quickly & accurately 

Input the plan into the model with minimum overhead, using model features to assist in the planning detail.

	DIMSO 

OBS 02
	The ability to visualise a tactical plan in time and space, and identify the consequences of external influences.
	Tactical comd teams should be able to rehearse a plan, including likely external reaction/activity.

	DIMSO 

OBS 03
	The ability to access (ideally electronically) all relevant  environmental & operational data, eg own, allied and “enemy” forces, CIVPOP, combat indicators, comms networks, terrain, infrastructure (incl roads, waterways, routes etc).
	All baseline and background data, including data from previous operations, should be easily and readily available and be the best data currently available without significant overhead effort by the tactical planning team

	DIMSO 

OBS 04
	The ability to develop and/or load a tactical plan into the model quickly and without undue extra load on the tactical planning team and without significant external assistance.
	Semi-automation of own force (and “enemy”) force behaviour would minimise the level of plan detail that needed to be manually programmed.

Interoperability with extant planning systems (eg air mission planning systems) would reduce user effort overheads.

	DIMSO 

OBS 05
	The ability to run the plan at varying speeds and view its progress in an easily-understood form with a replay facility for closer examination of identified events of interest.
	Visual presentation should be maximised and replay of key events should be easy and quick to set up and effect.  The use of 3D and virtual reality graphical presentation is highly desirable.

	DIMSO 

OBS 06
	The ability to vary key elements of the plan (including external influences) and re-run the plan variant.  (The “What If?” capability.)
	Variants of the plan should also be retrievable to allow return to earlier options for further branch and sequel analysis.

	DIMSO 

OBS 07
	The ability to use the DIMSO model in collaboration with others who may not be co-located.
	Distributed working capability would allow dispersed forces (incl air support elements) to participate in the plan development and to see the plan rehearsal output.

	DIMSO 

OBS 08
	The ability to use DIMSO at classification levels up to SECRET and inter-connect with other M&S and OpCIS systems.
	Inter-connectivity would confer significant benefits, but presents security accreditation issues.  

	DIMSO 

OBS 09
	DIMSO must be easy to use and quick to produce results
	Unless the benefits of DIMSO are easily realised without significant additional burden on users, DIMSO will not be used

	DIMSO 

OBS 10
	The ability to access the system to augment the debriefing process of ops – from end-user level to higher command.  The ability for this information to be fed-back and ‘learnt’ for subsequent ops.
	To enhance debriefs with J2 to a repository for mission reports, that has connectivity to facilitate pull-through from homeplate to inform subsequent PDT


The review of current programmes concluded that the most pressing gap in capability not being addressed by others is to maximise the use of M&S to support mission planning, plan visualisation, situational awareness, mission training and rehearsal at the tactical level in the land/air environment for forces deployed in the Theatre Of Operations (TOO). It was concluded that these gaps offer the best opportunity for immediate benefits to operational preparedness and effectiveness. It was proposed that DIMSO effort was best concentrated on:

· Conducting planning, plan visualisation, situational awareness, mission training and mission rehearsal at the tactical level.

· Military operations with emphasis on land operations and air support

To best demonstrate how this capability could be utilised, an outline scenario, ‘OP CLERIC’, was developed which offered the necessary context to demonstrate the capability and address the OBS statements.

2.5
System Design

2.5.1
Process Model

To translate the OBS into an Initial System Concept, an analysis of activities conducted during a planning process was undertaken and the candidate SE intervention areas identified. The process map developed for the chosen scenario is shown in Figure 1 below, with planning activities highlighted in blue, planning products highlighted in green and potential DIMSO intervention areas in peach. At each step during the activity cycle, candidate interventions were identified.
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Figure 1: Process Model

2.5.2
Architectural Model

To support the intended approach, an outline DODAF/MODAF Architecture was developed to achieve a sound engineering basis to the project and to ensure an ‘Open Systems’ approach. This approach led to the development of Architecture based on ‘capability’, rather than being implementation-focused onto specific tools. This approach allows different tools to be used to satisfy the same requirements within a consistent framework that satisfies the requirements, thus also addressing:

· Flexibility – the ability to choose the latest or most favoured tool for a particular purpose. 

· Rapid re-configuration – the ability to rapidly adapt a fielded system to meet specific and/or unanticipated demands.

· Requirements evolution – the ability to manage changes to requirements in the future.

· Open Systems – the ability to add other tools into DIMSO without the restriction of bespoke interfaces

2.5.3
System Design

The resultant system consisted of the toolset below (Figure 2) integrated into a cohesive system. The tools chosen were those that were available to the project team in the required timeframe, although it is re-iterated that alternative tools could be applied for specific capabilities. 
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Figure 2 – System Configuration

The planning tools were based on current OpCIS equipment allowing for the early pull-through of the capability into current operations. 

For the Synthetic Environment element of the design, a view has been taken to utilise equipment that is, or is expected to form, the basis of the medium solution set for the UK MoD. In selecting these equipments, the team members have used their experience and judgement based on close involvement with the UK customer community and the SE ToE community.

2.6
Scenario Development

The Task Force (TF) is situated at a Forward Operating Base (FOB) and a re-supply convoy is to be deployed to a Non-Government Organisation (NGO) depot.
The lay down of the scenario is shown in Figure 3. 
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Figure 3 – OP CLERIC Lay Down

A convoy consisting of 16 vehicles will move along Route 1. 

During the planning phase, a possible IED/ambush. When the virtual convoy reaches the threat position, the demonstration switches to the use of VBS in order to fully appreciate the potential of a powerful visualisation tool to enhance situation awareness and to give all convoy members an appreciation of the position prior to entering the threat area. 

Once in the threat zone, the convoy halts at a prominent road junction and VBS (Ref1) visualisation is used to survey the planned route, providing visual feedback on route alternatives and enhanced situation awareness. 

After the planned route through the threat zone is verified, it is flown-through using VBS to identify and reconnoitre the suspicious building and surroundings. With Route 1 still considered to be the best route choice, the Commander takes appropriate force protection action by sending convoy protection forces to surround the ‘suspect’ building. This is designed to produce a ‘soft’ deterrent effect on the insurgents so that they decide not to endanger the convoy as it transits the village. 

The convoy continues north on Route 1 until one of the convoy lorries suffers a breakdown. Following Standard Operating Procedures (SOP), the Force Protection troops form an all round defence cordon around the main body of the convoy, whilst the repair is carried out.  

However, the Insurgents become aware of the halt to the convoy and decide to mount an attack from across the Green Zone and the waterways with in it.

The defensive posture of the convoy is shown in JSAF. In this case the direct fire weapons of the FP are 7.62 machine guns.

The enemy move an 82 mm mortar into position and engage the convoy target.  Some 30 rounds fire for effect land in and around the convoy.  JSAF will simulate this fire and effect.  The FP troops return fire, but as the mortar base plate is at 2,700m, their fire is ineffective and does not suppress the target. 

The solution is to task one of the accompanying AH to engage the enemy weapon position and this too is played in JSAF

Thus JSAF can validate TTPs for halts and breakdowns and for the employment of AH for on tactical fire support.  The model could be used to analyse reaction timings, vehicle dispersion, weapon mixes and other parameters of the operation.

2.7
Verification & Validation

The DIMSO system has been subjected to V&V based on the emergent DEFSTAN UK MOD DEFSTAN 03-44 for VV&A of Synthetic Environments.

The reactive nature of providing M&S support to operations places demands on the V&V process that precluded the adoption of detailed evidence collation, assessment and reporting.

In accordance with the process, V&V is achieved by showing that each of a number of high-level V&V objectives has been met. These high-level objectives are:

· The DIMSO system must be validated as fit for the purpose of answering the experimental question.

· The DIMSO system design must be derived logically from the system requirements.

· The DIMSO representation of a scenario must be credible to the military subject matter experts, based on their military experience (subjective credibility).

· The representation of those technical aspects that are adjudged important to the validity of the DIMSO system must reasonably match an appropriate real world referent (objective credibility).

The report’s conclusions include:

· That the modified DEFSTAN Process (Review level) is workable in DIMSO.

· The added value from V&V includes:

· Data input verification.

· Appropriate selection of `fit for purpose’ components.

· Informed acceptance and increased credibility.

The recommendations are for further:

· A priori V&V of DIMSO components and databases.

· Certification of HLA compliance for components.

· V&V templates and Standardised V&V reporting.

· Further consideration of V&V of COTS.

· Inclusion of Tower Synthetic Natural Environment (SNE) and CGF findings

2.8
Demonstration

Figure 4 outlines the flow of operations during the demonstration and illustrates how the toolset implemented aligns to the planning and visualisation elements of the demonstration.
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Figure 4 – Demonstration Flow

The DIMSO team performed the demonstration to key Stakeholders at the JETTS BattleLab, Warminster on 13 March 2008. The speakers presented the Requirements and then demonstrated the various tools that comprise the DIMSO System running, whilst running through the OP CLERIC scenario, illustrating the potential capability it offers to military users.

At all key points during the demonstration, the possibilities provided by the visualisation were displayed in various modes as shown by the following snapshots (Figure5a-d).

	[image: image5.jpg]- 7 Interactwi ATz %





	[image: image6.jpg]




	Figure 5a – Convoy at Road Junction (VBS)
	Figure 5b – Force Protection deployment (VBS)

	[image: image7.jpg]Overlays





	[image: image8.png]File Edit Scale Feaures Force ShowAs  Special

JSAFO05.
Windows  Views

Federation: gold PO Database: 105 __ Terrain: afg|

rvtese SRR

i

5%
05:30:36 -0800 S

o T
o
1:40,256<"'
b
tools
EieYyeN
o
.A
Imy
®
Al Zoam, clc s o zo0m i sroun pant; lck ight o 200 cutaround pan; lck and rag ol o st screen area | frersezen fpeassiove
Sefect an e s et
‘ & L= Terminal Mon Mar 10
SAFGUI 131PM






	Figure 5c – Convoy passing a suspicious building 
	Figure 5d – Convoy Disposition (JSAF Screenshot)


2.9
Stakeholder Feedback

The demonstration elicited a positive response and significant discussion took place during the course of the day. 

The concept of the use of current operational equipment was considered a positive step forward and the ability to actively run through the plan prior to execution was viewed as likely to give operational benefit.

The fidelity of the terrain database was a major concern and the need for increasing levels of detail was expressed. Clearly when used for mission planning purposes, the impact of incorrect representation of a route would be misleading at best and hazardous at worst. 

There was also a clear desire not to add to the logistical burden through unnecessary additional equipment. Indeed, the desire was for the capability to be held on existing infrastructure. Related to this topic was the concern regarding any further load on the bearer infrastructure, and a requirement to ensure interoperability with existing bearer systems.

The stakeholder community also stressed the minimisation of the training burden that such a system would invoke. The use of operational planning tools will result in no additional training burden as this will have taken place as part of the acquisition of that capability. It is imperative that the the visualisation element is operable with the minimum of intervention 

There was a substantial debate during the demonstration about the need for the ability to simulate civil population, and general white force behaviours. The precise use of, and availability of, this simulation was the subject of the debate rather than technical aspects of integrating it into the system

2.10
Conclusions

DIMSO offers the capability to increase fidelity in assessing the probable outcomes of specific mission plans.  Current Decision Management applications are unwieldy except for operations with long lead times. Should DIMSO design recommendations be taken forward, tactical commanders at all levels of command will be able to tailor their planning to ensure improved effects outcomes, and achieve efficiency savings through improved prediction of resource utilisation and attrition.

DIMSO also offers increased capability in support to complex planning, especially for those dependent on Network Enabled Capability (NEC).  Complex planning can be considered where the military platforms, neutral participants, targets and the environment have complicated prediction algorithms and high impact on desired outcomes. Currently, human experience is used to support this requirement to offset known risks and unknown factors; but DIMSO will provide an analysis component capable of matching the required tempo of operational planning.

Tactical forces frequently operate in hostile environments where ad hoc travel is high-risk and knowledge transfer difficult.  DIMSO offers a means to better transfer ‘commander’s intent’ to the extent where distributed collaborative planning increases as a viable approach.

The use of modelling, simulation and synthetic environments (MS&SE) at low levels, such as at the small group (troop/platoon), is proven and accepted, (e.g. JCOVE) DIMSO demonstrated the potential of networking such systems to higher level planning should important man-in-the-loop (MITL) inputs on performance and effects analysis be required.

The establishment of a clear architecture for the DIMSO system is considered to have been a key outcome of the programme ensuring that clear boundaries were established within the system. The level of architectural work needs to be appropriate to the project scope, but represents a clear step in rationalising system design

The ability to embed a current Operational CIS within this framework is considered a powerful vindication of the concept. 

The relative ease of taking the OpCIS output and re-creating this in the virtual world was shown to add a powerful additional dimension to the mission planning ability. The team believe that this conversion process could be relatively easily automated once standards are established.

The establishment of a repository of acceptable databases, and a capability for rapid update and verification of the update is a key enabler to the operational utility of a Mission rehearsal system.

2.11
The Way Forward

This first element of the research has set out an architectural framework that will allow the work to be taken in a number of directions.

· The system should be further exercised by the insertion of alternative Mission Planning and visualisation tools to fully validate the architecture.

· Alternative Air, Maritime and Joint scenarions should be exercised to validate the use accross all domains.

· A federated exercise could beneficially verify operation across extant bearers

The addition of communication modelling will further enhance the capability and provide increased confidence in the mission being planned.

The level and detail of other modelling areas such as weapon dynamics and behaviour modelling could augment the system fidelity but care is required to ensure that these elements are realistic and not disruptive to the primary purpose of the operation

It is recommended that a research programme be established to assess the interfaces between Mission Planning & Visualisation Systems and propose a minimum set of parameters to be exchanged to allow Mission Visualisation & Rehearsal.

A programme to insert this capability onto a currently operational hardware framework should be undertaken.

Further research to the development of a rapid database manipulation and update capability is essential for maximum utility in rapidly changing environments.

3
Summary

The DIMSO programme has successfully demonstrated the potential benefits of bringing M&S visualisation capabilities to the Mission Planning and Mission Rehearsal environment. 

The system can offer the opportunity to run an Analysis of Alternative courses of action and then run through the chosen selection, visualising key choke points in the mission and creating alternate action plans to minimise risk and the potential for disruption. This will bring a clear opportunity to iterate towards a specific mission objective, for example - minimum risk, minimum civil interference or minimum time.

The approach has a primary dependency, particularly in the Land Domain, on accurate terrain representation and the establishment of a repository of verified databases is a core enabler to its useful introduction. 

It is anticipated that the system can use a variety of extant and emerging software tools, allowing the maximum leverage of output from COTS technologies as they evolve. 

To take the topic further it will be necessary to establish an agreed interface between the Mission Planning tools and the Visualisation capabilities. This is not considered a difficult issue. In addition, further capability can be introduced with relative ease.

The potential to share the planning and visualisation across networks presents a major operational benefit, offering a significant step towards more cohesive collective planning and rehearsal, and giving commanders an enhanced capability to inform their decision making.
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