
Jon Lloyd 
Dstl, UK MOD 

United Kingdom 
jplloyd1@dstl.gov.uk 

Nathan Newton 
Dstl, UK MOD 

United Kingdom 
nnewton@dstl.gov.uk 

Richard Perkins 
Dstl, UK MOD 

United Kingdom 
rlperkins@dstl.gov.uk 

Keywords: 
CBRN, CBR VB, Modelling and Simulation, Analysis, Acquisition, Training, 
Experimentation, Mission Rehearsal, Re-use, HLA 1516-2010, CBRN FOM 

Module  

ABSTRACT: The United Kingdom (UK) Defence Science and Technology Laboratory (Dstl) has developed a Chemical, 
Biological, and Radiological (CBR) Modelling and Simulation (M&S) capability titled the CBR Virtual Battlespace (CBR 
VB). The CBR VB is a modelling framework that includes a dispersion engine for simulating the transport of CBR 
materials within a synthetic natural environment. The synthetic environment drives a number of mathematical models to 
calculate the effects of the dispersion across the defence battlespace to produce measures of effectiveness such as 
casualties or sensor alarms. 

This paper details how the CBR VB is used to give advice to CBRN Defence equipment acquisition programmes through 
its capability to provide sensitivity analysis on certain parameters within CBRN vignettes. The capability has provided 
advice to the United Kingdom (UK) Ministry of Defence (MOD) for the procurement of individual protective clothing suits, 
body armour, medical countermeasures and sensor technologies. It has achieved this by providing performance analysis 
and cost/benefit analysis of various CBRN equipment options, and as such has played a key role in procurement decisions. 

A key requirement of the CBR VB framework is to support a range of different use cases and questions to cover the CBRN 
domain.  Therefore it needs to be as agile as possible to interoperate with different tactical, operational and strategic 
modelling systems to provide the necessary modelling capability. As such, this talk will also discuss how the system has 
been developed as a common CBRN M&S component that can be utilised as a modelling service by other systems, and 
how this has led to the development of CBRN simulation interoperability standards for use in distributed simulation in 
North Atlantic Treaty Organization (NATO). This has enabled the use of the CBR VB in other domains outside of 
Operational Analysis, such as training and experimentation where it can be used as the common CBR M&S component 
within various different systems. 

1. Introduction and Background
Dstl is an agency of the UK Ministry of Defence (MOD) 
whose purpose is to ensure that innovative science and 
technology contribute to the defence and security of the 
UK. Among other roles, Dstl provides advice to MOD 
with regards to the effectiveness of future military 
equipment options to help MOD make informed 
procurement decisions. Dstl therefore undertakes this 
advice role to aid the procurement of future CBR defence 
equipment.  
In order to inform the advice Dstl gives to the 
procurement of CBR defence equipment, Modelling and 
Simulation (M&S) is utilised to aid in the assessment of 
the effectiveness of various equipment options. This has 
resulted in the development of a synthetic environment 
modelling and simulation capability titled the CBR 
Virtual Battlespace (CBR VB). 

In 2010, the UK MOD conducted a Strategic Defence and 
Security Review (SDSR). The SDSR identified that MOD 
should embrace a step change in its exploitation of modern 
simulation systems in order to increase operational 
effectiveness, reduce costs and minimise the MODs 
environmental footprint. 
The SDSR recommended that MOD’s future simulation 
technology and tools should be based on enterprise 
solutions to decrease diversity and maximise 
interoperability, collaboration and re-use. Policy was 
established to ensure simulation systems and tools were 
developed in line with these recommendations. 
Many of the recommendations that came out of the SDSR 
were aimed to align the future acquisition of simulation 
technology more closely with the System of Systems 
Approach (SOSA) to capability acquisition [1] defined 
within the Acquisition Operational Framework (AOF).  
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SOSA is defined in the AOF as the “enabling way of 
working by which Defence will ensure that all delivered 
systems are procured and built”. This is in accordance 
with the SOSA Vision to “enable enhanced capability 
through achieving commonality, reuse and the 
interoperability of independently procured systems”.  
In order to comply with this strategic policy there was a 
need to develop CBR M&S capabilities that could be re-
used in this way at the Enterprise level. The CBR VB had 
become established as a successful simulation capability 
in the analysis and acquisition domains and therefore was 
used as the starting point for an Enterprise Approach to a 
CBR M&S capability. However, the CBR VB needed to 
be further developed to enable its exploitation in other 
M&S domains, such as Training and Education, 
Experimentation Test and Evaluation, Mission Rehearsal 
etc. 
This paper discusses how Dstl has developed a CBR 
M&S capability to support Acquisition advice and how 
this has been further developed so that it can be reused to 
support CBR M&S use across different M&S domains, 
including: 

 Undertaking Operational Analysis Studies;
 Providing CBR Equipment Acquisition Advice;
 Supporting Experimentation;
 Supporting CBR Training and Education;
 Developing a CBR Mission Rehearsal capability.

2. CBR Virtual Battlespace
The CBR VB is a modelling framework that allows the 
user to estimate the effects of introducing CBRN agents 
into a battlefield. The framework of the CBR VB is based 
upon representing individuals and equipment, such as 
chemical or biological detectors, as entities within a 
synthetic environment. A number of mathematical 
models have been developed within the CBR VB to 
simulate the effects of a CBR release on these entities. 
The framework has been developed to allow different 
mathematical models to be plugged in and used as 
dictated by study requirements. To ensure the framework 
is as flexible as possible, the CBR VB has an open 
interface which allows models to be written in any 
language. 
This modelling framework includes a dispersion engine 
for simulating the transportation of CBR materials. This 
dispersion engine enables a variety of different 
atmospheric dispersion models to be included within the 
CBR VB and therefore provides the user with a wide 
range of capability. These capabilities include: 

 The ability to model atmospheric dispersion
across either open terrain or within a confined
urban environment;

 Defining a variety of source term models,

depending on how the CBR material has been 
released; 

 Modelling the interaction between the local
terrain and the CBR release;

 The ability to utilise different meteorological
inputs, such as real-world data or output from a
Numerical Weather Prediction (NWP) model.

The following models are used within the CBR VB to 
calculate the effects of the dispersion on entities within the 
battlespace: 

 CBR Casualty Model – this model uses toxicity
data to predict the likelihood that an individual
would become a casualty due to inhalational or
percutaneous exposure to a CBR agent. The
model provides output for different effects levels,
and uses a protection factor due to wearing CBRN
Individual Protective Equipment (IPE).

 Method for Evaluation of Total Heat Strain
(METHS) model – this model estimates the level
of physiological burden imposed on an individual
resulting from different CBRN protective
postures. The main output from the model is a
prediction of how an individual’s core
temperature profile varies over time. This data is
subsequently used to assess whether military
personnel could encounter excessively high levels
of heat stress whilst conducting missions in
CBRN IPE. The model uses four different types
of input data:

o Clothing data – the amount of resistance
which clothing imposes against the flow
of heat and water vapour will affect how
effectively an individual can regulate
their core temperature. This clothing data
is calculated using trials on thermal
manikins;

o Mission profile – defining the intensity
of work being undertaken;

o Meteorological data – defining the
ambient temperature and relative
humidity of the local environment;

o Anthropometric data – defining the
height, body type and aerobic fitness of
the individual.

 CBR sensor model – different types of sensor
models can be plugged into the CBR VB
framework. Dstl are investigating a range of CBR
sensor technologies within the current S&T
research programmes, and therefore a number of
different mathematical models for detectors have
been developed. The commonality between these
models is that they use the underlying mean
concentration (and variance) of CBR agent
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The CBR FOM module developed by Dstl and Riskaware 
Ltd. was peer reviewed by the nations participating in the 
group and also incorporated into the NETN FOM. The 
NETN FOM dependencies of the CBR FOM Module are 
shown below in Figure 5. 

Figure 5: CBR FOM Module dependencies within the NETN FOM. 

6. Use to support Experimentation
To support the onwards acceptance and exploitation of 
the NETN FOM by partner nations, a verification 
experiment was undertaken to integrate the full set of 
developments undertaken through MSG-106 and to 
exercise them within a representative operational context 
(scenario) [6]. Its purpose was to prove that the 
developments not only worked in isolation, but as a 
coherent whole, thereby raising the technology readiness 
level of the group’s output. 
A scenario based on a CBR incident was implemented in 
order to exercise the technical developments, and was 
split into the following five mission phases: 
 Initiation;
 Ingress & Rendezvous;
 CBR Event & Dispersion;
 Blue Forces at Risk;
 Embarkation and Egress.

MNB
MNB

M
T
F

MNB

MNB

Figure 6: Overview of the NETN FOM Experiment Scenario. 

Operational simulation systems were used to exercise the 
developments, including: 

 OneSAF: The One Semi Automated Forces
(OneSAF) system is an entity level Computer
Generated Forces (CGF) system developed by the
United States (US) Army Program Executive Office
for Simulation Training and Instrumentation (PEO-
STRI).

 SWORD [7] is a Land constructive simulation
developed by the MASA Group and designed for
command post training (at division or brigade level).
Units in SWORD are aggregated at company or
section levels and include a doctrine compliant
intelligent automation.

 Pitch Actors is a CGF system mainly used in testing
as a federate to stimulate other federates and for
demonstration purposes.

 Virtual Battlespace 2 (VBS2) is a virtual reality
battlefield simulation system developed by Bohemia
Interactive [8].

 CBR VB is a CBR M&S federate developed by Dstl.
The following architecture was represented in the 
experiment: 

HLA 1516-2010 RTI: NETN + RPR FOMs

OneSAF
(UK)

Pitch 
Actors 
(SW)

CBR VB 
(UK)

C2
(UK TBC)

C2
(FR TBC)

SWORD 
(FR)

VBS2 
(UK)

Unit Locations
Unit Orders

CBRN release and visualisation
Entity-level constructive simulation

Testing
CBRN hazard and effects

modelling

UAV Simulation
3D Visualisatio 

Unit Locations
Unit Orders

Aggregate Level
Constructive simulation

Figure 7: MSG-106 Experimentation Federation architecture and federate 
responsibilities 

The CBR VB was used as the common CBR M&S 
component as part of the development of the experimental 
federation. As part of this experiment a number of 
distributed and face to face tests were performed to verify 
and validate the design of the CBR FOM module and other 
FOM modules within the federation. The tests performed 
focused on verifying the exchange of CBR release, CBR 
effects and CBR contour information between the systems. 
Later tests investigated how the benefits of the HLA 1516-
2010 standard and the NETN FOM could be demonstrated 
through CBR use cases. These use cases included the use 
of the following capabilities:  
 Transfer of Modelling Responsibility (TMR) was used

to enable the CBR VB to take ownership of the CBR
attributes of entities owned by the other systems. This
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IPE, medical countermeasures and future sense 
technologies. 
The utility of the CBR VB as an enterprise approach to 
CBR M&S has been demonstrated and it has been 
developed to support use outside of the Acquisition and 
Analysis M&S domains. 
To enable this enterprise use, a common API for 
interoperating the CBR VB with third party simulation 
systems has been developed. This has been developed as 
a CBR FOM Module within the HLA 1516-2010 
simulation interoperability standard and incorporated in 
the NETN FOM to support Training and Experimentation 
use. 
The CBR VB has demonstrated how it can be used in this 
manner to support Training and Experimentation through 
interoperating it with the OneSAF, SWORD, and VBS2 
simulation systems. 
The CBR VB has also been partially developed to 
interoperate with CBRN C2 systems to demonstrate its 
utility as a simulated CBRN C2 operator training and 
Mission Rehearsal capability. 
Observations from the use of the CBR VB as an 
enterprise approach to CBR M&S are discussed below: 
 The key drivers for the Operational Analysis mode

are the ability to provide multiple replications of
runs. These multiple runs are used to generate
measures of effectiveness to support studies trying to
answer specific questions. This requires the
modelling to be able to be run deterministically and
as fast as possible.

 In Operational Analysis mode the CBR VB aims to
provide an element of uncertainty and risk in its
modelling. This means the modelling is deliberately
not representative of a particular instance in the real
world. Specifically, the dispersion modelling of the
hazard is calculated as an Ensemble Average, which
is a statistical representation of the release based on
the mean average distribution within a number of
states.

 The key drivers for the Training and
Experimentation mode are the ability to run in real
time and generate CBR effects that can be used to
stimulate a training response/effect or generate a
verification/validation test effect.

 For Training and Experimentation the CBR VB
needs to be synchronously interoperated with
heterogeneous third party simulation systems and run
in a real time war gaming mode. In this mode it is
desirable to have the CBR VB running in the
background and controlled by the host simulation (so
as to not add management/operator overhead).

 The modelling in the Training and Experimentation
mode only needs to be fit for purpose to generate the

intended training/test effect. However a cautionary 
note exists here that the ensemble average modelling 
mode is not suited as it may give an impression of a 
specific scenario that is not realistic due to the nature 
of the modelling. This may result in negative training 
or an incorrect series of events occurring in a given 
timeline. In the Training and Experimentation mode 
the dispersion should be run in non-ensemble average 
mode or some sort of concentration realisation 
modelling should be used alongside the Ensemble 
Average modelling. This will help to ensure that the 
dispersion output for display and generation of effects 
such as sensor alarms is more realistic and fit for 
purpose.     

In summary, this work has demonstrated the re-use of 
CBR models from the Acquisition and Analysis M&S 
domains within the Training and Experimentation 
domains. This re-use provides cost effectiveness but the 
modelling fidelity and Synthetic Environment architecture 
requirements employed in the acquisition and advice 
domains are different to those in the Training and 
Experimentation domains. Careful consideration needs to 
be given to the intended use of the models to ensure that 
they are fit for purpose to meet the intended requirement. 
In this instance some model changes were required; 
however the re-use of the models was achievable. It has 
also been demonstrated that the CBR VB also can operate 
as a Synthetic Environment architecture for a multi-
replication analysis mode or as a real time war gaming 
mode.  
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