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Abstract 
 

The Defence Science Technology Organisation (DSTO) has undertaken the 
Mission Success Prediction Capability (MSPC) project to provide greater 
insight into the mission planning requirements at all stages of the 
operation of a precision strike weapon; to enhance the information 
available to the decision-makers and therefore ensure the efficient and 
effective use of these systems. The MSPC is a use case of Model-Based 
Systems Engineering (MBSE) approach to conceptually model the 
operational and tactical level planning capability in Defence.  
The MSPC models a complex system-of-systems (SoS) where integration 
and adaptability is critical to the project’s success. Modelling using MBSE 
methods has identified the operational activities currently being performed 
in precision strike weapon operational and tactical level planning, a 
number of gaps in the planning process, and an early understanding of 
integration risks. MBSE, through functional and system analysis, also 
provides the modelling requirements to enhance the current capability to 
meet the user needs. Existing systems and newly developed models, 
simulations, and/or tools are required to be integrated to allow a complete 
prediction of success for a given mission. MBSE also provides an inherent 
initial verification capability through simulation of the system’s functional 
behaviour.  
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1. Introduction 

Defence is purchasing highly complex systems to ensure its capability edge 
is maintained in the long term. This increasing complexity necessitates an 
holistic modelling approach to ensure that critical existing elements along 
with any new requirements associated with a particular system are 
encapsulated and maintained with a sufficient level of detail. As evidenced 
in Carrier et al. (1997): “the escalating complexity of systems and 
operations creates profound integration challenges requiring superb M&S 
for success – and for the avoidance of downright failures”. This suggests 
that consideration of the entire system of systems (SoS) is increasingly 
important when proposing new systems, changing existing systems, or 
during capability development. 
The Defence Science and Technology Organisation (DSTO) has undertaken 
the Mission Success Prediction Capability (MSPC) project to provide 
greater insight into all stages of the mission planning process for a 
precision strike air-to-surface weapon system, to complement existing 
decision-making processes. The MSPC employs a well-established and 
internationally recognised Model-Based Systems Engineering (MBSE) 
approach (INCOSE 2007) to conceptually model the mission planning 
capability in Defence in response to the increasing complexity mentioned 
above. 
Through this MBSE approach the DSTO has developed conceptual models 
of the operational activities for the entire planning process relating to the 
launch of a precision strike weapon. This includes mission planning at the 
Strategic, Operational, Tactical Headquarters and Unit levels, as well as 
Battle Damage Assessment and feedback for incorporation of validation 
and verification data, and lessons-learnt? Through consultation with 
subject matter experts, users and relevant guidance documentation an 
Operational Activity Model (DODAF [2010] OV-5) was created. The 
analysis of the operational activities facilitated identification of operational 
needs directly in the model, from which the MSPC functional specification 
(requirements) was then derived. These elements are provided as a 
Description of Requirements (DOR) for stakeholders, industry and subject 
matter experts. This rigorous modelling approach will provide the 
framework for a robust solution to the user’s needs. 
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The high-level operational concept (OV-1) graphic for MSPC is shown in 
Figure 1. In this overview, the MSPC is shown as software either working 
alongside existing mission planning software, or standalone elsewhere 
such as during weaponeering. A key feature of MSPC is combining data 
from various planning-related information sources and considering the 
many factors influencing an entire weapon mission. The MSPC software 
provides information to the mission planning user, who may change the 
mission plans in response to this feedback. These mission plans are then 
input via standard means to the launcher and weapon system. 
The MSPC will integrate into an already complex SoS where adaptability 
and an evolutionary approach will be critical to the project’s success. 
Modelling using MBSE has identified a number of residual gaps in the 
mission planning capability along with an early understanding of 
integration risks. The approach also provides modelling requirements for 
filling those gaps and an inherent verification capability through discrete-
event simulation of the system’s functional behaviour.  
This paper will discuss the requirement for MSPC in more detail; including 
reasons for using MBSE during the project definition phase, outputs from 
the modelling process and the critical modelling requirements thus 
derived. 
 

 

Figure 1. MSPC operational concept (OV-1) graphic 
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2. Mission Success Prediction 

The MSPC aims to: 
Use all available data to predict the success of a given mission 
enabling Commanders the flexibility to make more efficient and 
effective use of complex weapon systems. 

Calculation of overall mission success is not trivial; combining many 
sources of information and assessing many possible failure modes. The 
current prediction system used by Defence includes a variety of manual, 
personnel-driven and procedure/doctrine-based activities using a wide 
array of tools on different computer and paper-based systems1. Given this 
primarily manual process, and some inherent capability gaps identified 
during a test and evaluation programme, the DSTO was tasked to provide 
a mission success prediction capability for Defence.  
The MSPC is expected to be delivered as a capability system; combining 
information from these various sources, assessing the expected outcome of 
the mission and providing feedback on any performance-related issues. 

 

                                                      
1  The Australian Defence Doctrine Publications, Australian Defence Force 

Publications and relevant Procedures Manuals are examples of the publications used 

currently to inform the planning process. 
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Figure 2. MSPC integrates data from many different sources to determine 
its prediction 
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The modelling to support MSPC required consultation with all 
stakeholders to ensure that an holistic understanding was formed of the 
user needs and current operational activities. This provided the 
understanding (highlighted above) of the current capability (gaps and 
requirements) for MSPC. Figure 2 shows the complexity of the MSPC aim. 
The problem of integration and adaptation of existing modelling and 
simulation tools, and data sources with new tools in various locations to 
enable a complete prediction (lethality, survivability, reliability and risk) is 
not trivial, given the data available and confidence in those data at various 
stages of the planning process. 
Mission planning in Defence is already “acknowledged” as complex 
(Dahmann and Rebovich Jr. 2008)  although not explicitly recognised as 
such. To achieve its aim the MSPC needs to integrate into the current SoS, 
using new and existing tools. Rigorous and robust systems engineering 
(SE) is desirable to achieve the MSPC project success. MBSE is one such SE 
paradigm, and allows a thorough identification of the problem space and 
traceable results in a single knowledge model. 
 

3. Model-Based Systems Engineering 

Traditional SE has been performed on many systems over the past half 
century. This has typically been a document-centric process, reliant on the 
a some-what disconnected set tools and processes to ensure all 
requirements are generated properly, and flow down to the system design 
as well as into test and evaluation plans. As systems are becoming more 
and more complex it is becoming difficult to maintain the required 
traceability using document-centric methods. Model-centric SE methods 
provide the rigorous traceability necessary for the development of modern 
complex systems. The goal is to create a model of and about a system; 
linking together, and within a model of the problem-space, the 
requirements of a systems solution and even system design (Logan & 
Harvey 2010, Waite & Logan 2011). 
Model-centric Systems Engineering or MBSE is particularly relevant to 
defence systems due to the high complexity of the systems and the need to 
operate within a complex SoS. The rigorous traceability that is provided by 
MBSE also provides accountability for decision makers who are spending 
tax-payer dollars. In the MBSE approach, the knowledge model (c.f. Davis 
et al. 1993) represents a “single source of truth” that encompasses the 
problem space, system design and specification. This conceptual model is 
used in all phases of the system lifecycle from determining the required 
capability, through the development and acquisition phases and on to the 
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operation and retirement of the system. MBSE reduces development risk 
and provides a high level of integrity to the process by linking the 
operational space to the system and component spaces.  
There are a number of tools available to support the creation of an MBSE 
model. One such tool is CORE™, developed by the Vitech Corporation that 
was used to model the MSPC project. The reason that CORE™ was used is 
based on heritage and it is acknowledged that there are a range of suitable 
tools that could have been used for this analysis. CORE™ essentially 
provides a database that captures project elements in classes (the elements 
in each class have the same attributes), and the relationships between these 
elements. The information captured in the model can be analysed through 
a suite of “views”, or other interconnected diagrams that support the 
development of an MBSE model. This model can then be used to extract 
relevant documentation to guide the development process and to ensure 
the system produced satisfies the operational requirements.  
The Whole-of-System-Analysis-Framework (WSAF) uses a CORE™ model 
base to develop documents that conform to the Defence Capability 
Development Handbook (DCDH) (2012), thereby generating outputs in 
specific formats to support defence materiel procurement. The WSAF 
started as an architectural method for defining capability analysis 
(Robinson and Graham 2010). More recently it has been expanded into the 
domain of Australian Defence capability definition (Robinson et al. 2010) 
whilst maintaining compliance with the Australian Defence Architecture 
Framework (AusDAF2). The WSAF has also been extended for use with 
MBSE tools and is underpinned by MBSE principles and methods 
(Robinson et al. 2010). 
 

3.1 MBSE Application to MSPC 

This paper documents the results of a portion of the WSAF process applied 
to the requirements analysis phase, to support the development of the 
MSPC. An MBSE knowledge model was developed to simulate the 
operational activities and information flows including decision-making 
processes within the current Defence planning process. Modelling the 
problem space in this way highlighted capability gaps and user-needs 
within the process. Knowledge of the user-needs is key to the development 
of requirements to resolve the identified capability gaps. The requirements 
specification for MSPC and the outputs discussed below were generated 
using the WSAF philosophy, and provide the documentation required by a 
DSTO Engineering Management System (EMS) (Wilson et al. 2008). This 



Unclassified 
 

M. Tetlow, et al 

   
     7 

 
Unclassified 

will allow any software product to comply with all relevant Defence 
constraints, including security, safety, usability, etc. 
The initial focus of work for MSPC was to analyse and model the existing 
mission planning process (e.g. operational activities and information flows) 
using enhanced functional flow block diagrams. The modelling was 
supported by a number of workshops to elicit stakeholder needs and 
processes, and thereby ensure that the knowledge model was accurate. 
These workshops updated and validated the operational activities and 
information flows, and identified a number of user needs; some of which 
were not being met or were only partially being met by the current system. 
Based on the current activities and needs functional requirements were 
added to the knowledge model that must be satisfied by the proposed 
MSPC system. Describing the requirements and providing context for the 
problem requires a specific package of information that can be found in the 
MSPC Description of Requirements (DOR). 
 

4. Description of Requirements 

The DOR defines both the operational concept and functional and 
performance characteristics of the capability. In a major acquisition projects 
these are usually captured in an Operational Concept Document (OCD) 
and a Function and Performance Specification (FPS). The DOR document is 
based on DID-ENG-DEF-DOR-V1.1; a project-developed DID identified 
but not otherwise defined in ASDEFCON Complex Materiel (2008). It has 
been developed in accordance with the guidance contained in the Defence 
CDD Guide (2009) and the Defence Materiel Organisation FPS 
Development Guide (2004).  
 
As the DOR is not part of the CDD suite, its content is generally not well 
known. The DOR contains five sections: 

1. Introduction – identifies the subject capability, introduces the 
document and provides reference data. 

2. Needs definition – establishes the operational scope of the 
capability; identifies the capability users; summarises one or more 
operational scenarios and the derived operational needs and 
constraints; and identifies applicable operational policies and 
capability constraints and limitations. 

3. Solution independent system requirements – define the solution 
system mission, context, function and performance required to 
satisfy the operational needs identified; the design and 
implementation constraints that bound any system solution; 
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materiel system acquisition boundaries and additional system 
elements required and the consequent system and operational test 
boundaries; plus description of and comparison with the existing 
materiel system solution. 

4. System solution concept – defines the materiel system solution by 
identifying the mission system architecture, allocation of function 
and performance to the constituent mission and support systems; 
the support system concept and introduction into service needs; 
and a high level validation concept. 

5. Requirements – provide the function, performance, interface, and 
effectiveness requirements together with the design and 
implementation constraints requirements that the material system 
solution is required to satisfy. 

The DOR is important as it provides decision makers with a list of 
requirements placed in the context of an operational scenario, with enough 
background information to make an informed decision on the procurement 
of the capability. Similarly the DOR provides industry with requirements 
and operational context, as well as a high level solution concept to support 
their development of the capability. The DOR is a project-specific 
development in the DSTO Engineering Management System being used for 
MSPC. This paper highlights the user needs and modelling requirements 
aspects of the DOR as key results output from the stakeholder elicitation 
workshops. 

 

4.1 User Needs 

The top-level User Needs elicited from the stakeholder workshops (Table 

1) are traced to the validated Operational Activities for this phase of the 
MSPC development. These needs have been used to develop the functional 
and system requirements for the development of the MSPC. 

Table 1. Top-level User Needs for MSPC 

Top Level Need Description 

1. Determine weapon 
effectiveness 

The user needs to determine an appropriate 
weapon solution for a particular mission. 

2. Determine terminal 
model limitations 

The user needs to determine the limitations of a 
given terminal model. 

3. Determine weapon The user needs a prediction of the weapon 
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mission success mission success. 

4. Support technical 
user level changes 

Tactical mission planning users need the ability 
to change aspects of the weapon mission plan if 
appropriate, with adequate feedback on the 
estimated impact of those changes on mission 
success. 

5. Provide supporting 
documentation 

The user needs to document the results of the 
mission success prediction processes in order to 
provide relevant information to commanders. 

6. Evaluate weapon 
against target of 
opportunity (TOO) 

The user needs information to support the 
decision to use the weapon against a TOO. 

 

4.2 Solution System Modelling Requirements 

The current mission planning process involves Defence personnel using a 
combination of tools and information from multiple organisations to plan 
each precision strike mission. There is currently no formal analysis 
undertaken to estimate the probability of success of the mission. The MSPC 
is designed to fill this capability gap by analysing the mission at various 
stages in the mission planning process and providing relevant information 
to users on the estimated probability of success. This capability will 
improve the use of high value precision guided weapons. 
The MSPC will be integrated into the mission planning process, supporting 
three specific areas: 

 Weaponeering. The MSPC will support the weapon selection 
process by providing the user with a better understanding of the 
probability of mission success for a number of weapon options. 

 Terminal model development. The MSPC will aid in the 
development of terminal models by predicting the terminal (final 
stage of weapon flight) guidance performance based on the 
modelled features, strike timing and environmental conditions. The 
MSPC will provide feedback to the user to enable modification of 
the terminal model based on its prediction. 

 Tactical mission planning. The MSPC will support tactical mission 
planning by estimating the overall probability of mission success 
(lethality, survivability, reliability) based on up-to-date 
environmental and operational information.  
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Based on the user needs and requirements, the MSPC is being developed 
as a capability enhancement. The solution concepts cover the major system 
and all other supporting elements, known as the Fundamental Inputs to 
Capability (FIC). The FICs include; the personnel, organisation, collective 
training, major systems, supplies, facilities, support, and command and 
management required to provide that capability. The mission system of the 
MSPC major system element will comprise a central tool, the Mission 
Success Prediction Tool (MSPT), which uses existing and newly developed 
sub-components (models, simulations, tools, etc.) to estimate the success of 
the mission and provide supporting information and graphics. These are: 
 
1. MSPT-dataset – receives information (input and data files) from 

external systems and organisations; extracts relevant data and 
information; and passes it to the other subcomponents within MSPT.  

2. MSPT-lethality analysis engine – calculates aspects such as terminal 
effectiveness and miss distance; performs detailed CDE analysis; and 
generates probability profiles of collateral damage. MSPT-lethality uses 
a terminal guidance performance and an IR environment simulator to 
aid in miss-distance estimation, and a weapon-target interaction tool to 
estimate the effect of the weapon on the target.  

3. MSPT-survivability analysis engine – estimates the probability-of-
survival of the launch platform and the weapon, based on their 
planned trajectories. MSPT-survivability uses the threat environment, 
launch platform and weapon characteristics; and environmental factors 
to estimate the enemy's ability to detect and destroy the weapon or 
launch platform during the mission.  

4. MSPT-reliability analysis engine – uses weapon manufacturer 
reliability data and historical information about how the weapon was 
stored and cycled prior to the mission to estimate the reliability of the 
weapon.  

5. MSPT-risk analysis engine – uses mission-related risk information to 
estimate the risk to mission success. 

6. MSPT-output – collates the output information from the tool, generates 
reports and displays the information for the user. 

 
 

5. Discussion and Conclusions 

MSPC was identified as a requirement during a test and evaluation 
programme conducted ca. 2010. The MSPC project is using MBSE to 
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provide a robust and adaptable knowledge model to ensure that any 
proposed capability enhancements are based on sound science that is 
traceable to specific user needs and the existing and proposed operational 
activities.  
To support this, an MBSE modelling and analysis task was performed of 
the operational and tactical level planning processes within Defence to 
determine the actual user needs in the context of the current mission 
success prediction process. These needs were then used to inform a 
functional analysis of the current system. The functional analysis was used 
to extract the desired functional behaviour of a new capability that would 
satisfy the operational needs. A system level analysis was then performed 
to allocate these functions to high level components (models, simulations, 
tools). 
These modelling tasks supported the development of the MSPC DOR, 
which is a project-specific component of the DSTO EMS used to present the 
operational concept and the functional requirements for the capability. The 
DOR was automatically generated from the information contained in the 
MSPC knowledge model, using CORE™ scripting, and will inform 
stakeholders, industry and subject matter experts of the requirements for 
MSPC. 
The MSPC knowledge model allows automated extraction of many other 
artefacts for distribution. The knowledge model represents the authoritive 
source of our current understanding. Modelling using the MBSE paradigm 
allows the knowledge model to be robust to operational user input and 
adaptable to feedback and progress. This inherent capability and 
robustness means that MSPC will be produced for a user-validated set of 
requirements and should therefore be a capability enhancement for 
Defence. 
This paper has introduced the MSPC and the capability it will provide 
Defence given the user needs identified. It has also presented the current 
output from the modelling process (the DOR) and the key modelling 
requirements for MSPC (new and existing). Based on an MBSE paradigm, 
MSPC will provide a robust, traceable solution for the capability 
enhancement required in precision strike weapon mission planning. 
 
 

6. Project Progression 

The MSPC project is currently revising the system requirements and 
specification (System Design Specification). The intent is to develop this 
capability iteratively with industry and Defence stakeholders within a 
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comprehensive test and evaluation regime. This will require further 
research in a variety of areas, including: statistics; seeker scene generation; 
terminal guidance performance evaluation; and weapon-target interaction 
for both threat and friendly systems. Although the knowledge model 
developed under the MSPC project was for a particular weapon system, it 
is adaptable to a wide variety of problems and projects, given it covers a 
vast array of operational activities associated with the broad SoS of 
planning in Defence. 
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