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[bookmark: _Toc204202233]Abstract (500 words)
This study addresses the challenge of applying Systems Engineering (SE) within the context of the Defence Science and Technology Laboratory’s (Dstl) Support to Operations and Crises (S2OC) programme. S2OC projects are characterised by accelerated timescales, dynamic operational requirements, and the need to deliver impactful Science and Technology (S&T) for time-critical UK defence and security needs. The absence of a tailored SE approach for this environment creates a potential for project inefficiencies, inconsistent outcomes, and an inability to effectively balance speed with the engineering rigour required for qualified systems. The primary aim of this research was to therefore investigate existing SE practices and develop a tailored SE approach that meets the demands of the S2OC portfolio.
The research was conducted using a qualitative, multi-stage methodology. First, an extensive literature review was performed to survey the relevant SE and project management philosophies. This covered traditional, document-centric SE models as well as the principles of Agile and Lean methodologies, the spiral model, and the shift towards model-based Systems Engineering (MBSE). Subsequently, an in-depth case study of a representative S2OC project, “Project X,” was conducted. This retrospective analysis identified the real-world limitations faced by the project team, including time pressures, key person dependency, indirect stakeholder communication, requirements ambiguity, and contractual firewalls with industry partners.
The findings revealed that no single SE framework would be a suitable solution for Project X. Traditional SE models would have been too slow and rigid, while a purely Agile approach would have struggled with the hardware complexities and the need for formal qualification. This analysis demonstrated a clear need for a hybrid, flexible approach that allows teams to select the appropriate tools based on their specific context.
The principal output of this study is a “Systems Engineering Toolkit for Rapid Payload Development,” although the toolkit could be readily applied to any other system. This toolkit is a collection of SE methods, tools, and practices drawn from the diverse frameworks studied. It is structured across different phases of the project lifecycle – from problem structuring and requirements capture, through to manufacturing and quality assurance. The toolkit is designed not as a prescriptive process, but as a “handrail” for decision-making, providing guidance on how, when, and why a certain tool could be used alongside its benefits and limitations. By offering methods ranging from collaborative tools like Rich Pictures to rigorous analysis techniques like Failure Mode & Effect Analysis (FMEA), the toolkit empowers teams to construct a fit-for-purpose SE strategy.
The study concludes that a flexible toolkit approach offers the most pragmatic path forward for S2OC – and potentially wider areas of Dstl. It provides a means to blend the essential discipline of SE with the pace demanded by modern operations. However, its success is dependent on the SE maturity of the practitioners. The final recommendation is for this static toolkit to be evolved into a dynamic, living document, driven by community feedback and continuous improvement to ensure it remains a relevant and powerful enabler for Dstl projects. 
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1. [bookmark: _Toc204202236]Introduction 
The effective application of Systems Engineering (SE) principles is broadly acknowledged as indispensable for navigating complexity and achieving success in multifaceted projects across numerous domains. Its methodologies offer a structured approach to the design, realisation, and management of complex systems, ensuring all aspects function cohesively to achieve a common goal. Throughout the Ordnance, Munitions, and Explosives (OME) Level Six course, the importance of applying a robust SE approach to projects has been consistently reinforced. SE methodologies are a vital tool for achieving success, and their significance is particularly amplified in fields where the consequences of failure can be catastrophic (such as the OME sector), leading to equipment or structural damage or causing human injuries or fatalities.
Within the UK’s defence sector, The Defence Science and Technology Laboratory (Dstl) stands as a pivotal organisation tasked with delivering cutting-edge Science and Technology (S&T) across a broad portfolio of capability areas for UK Defence and Security. Recognising the evolving nature of operational demands, one of these areas is Support to Operations and Crises (S2OC). The S2OC programme was formed in 2024 to cohere S&T efforts from across the laboratory, maximise the impact of S&T on current and planned operations, and drive impact through a stronger focus on prototype warfare. This concept emphasises the rapid development and deployment of experimental or early-stage capabilities to gain an operational edge, often in dynamic and unpredictable environments.
This operational focus inherently means that S2OC projects operate under exceptionally demanding conditions. Consequently, project timescales can be highly expeditious, frequently requiring functional products in the hands of users within months rather than years. Such accelerated timelines necessitate a pragmatic approach, where trade-offs to system functionality are sometimes needed, and an accepted, albeit carefully managed, level of project risk is tolerated. Unlike other areas of the Ministry of Defence (MOD), such as Defence Equipment & Support (DE&S), which follows the more prescriptive “CADMID” (Concept, Assessment, Demonstration, Manufacture, In-service, Disposal) lifecycle, Dstl projects do not mandate any one type of SE approach for product development. This flexibility is mainly due to Dstl S&T areas covering a wide range of capabilities, from cybersecurity, virology, and animal behaviour to advanced materials and counter-terrorism.
Additionally, Dstl works on projects with a technology readiness level (TRL) spanning from one (basic principles observed) to six (system/subsystem model or prototype demonstration in a representative environment). Therefore, any single approach to product development may prove effective for some areas but restrictive or inappropriate for others. While this adaptability serves Dstl’s broader mission, it presents a distinct challenge for S2OC, where the imperative for speed and agility in delivering solutions is paramount and could benefit from a tailored, yet flexible, SE approach.
It is this specific challenge that motivates the current study. This study aims to identify existing SE practices employed across the defence sector and wider industries to assess the feasibility of these approaches when applied to rapid development projects. The central hypothesis is that while traditional, comprehensive SE models may be ill-suited to highly compressed timelines, core SE principles, if adapted, can provide essential structure and rigour. One recent example project from the S2OC portfolio has been selected as a use case to achieve this. From this assessment, the primary objective is to develop tailored SE guidance for rapid development projects, such as those found in the S2OC portfolio. This guidance is envisioned to equip project teams with practical SE tools and adaptable practices applicable at various stages of the project lifecycle, from stakeholder identification through to requirements analysis and solution verification. It is anticipated that a structured SE resource will reduce project risk by providing clear guidelines for decision-making and trade-offs, ultimately increasing the success and quality of the solutions developed under severe time constraints.
For classification purposes, the specifics of the use case in this study have been redacted or genericised. The project name will be referred to as “Project X” henceforth.
2. [bookmark: _Toc204202237]Methodology
To systematically address the research question, “What does an effective Systems Engineering approach to rapid payload development projects look like?”, a multi-phase qualitative research methodology was employed. This approach was selected to facilitate a comprehensive exploration of existing SE practices and subsequently ground these findings in a real-world context, leading to the development of practical SE guidance in the form of a tailored toolkit. The methodology comprised three core stages: an extensive literature review, an in-depth case study analysis, and the subsequent generation of this SE toolkit.
The foundational stage of this research involved a comprehensive literature review. This review was conducted to identify and critically evaluate current, trending, and emerging SE techniques across the MOD and wider comparable high-tempo industries. The primary objective was to identify practices that are demonstrably suitable for, or adaptable to, fast-paced projects characterised by compressed timelines and dynamic requirements, which could directly inform the development of the SE guidance. Furthermore, the review aimed to anticipate future trends, ensuring the development of a forward-looking and adaptable SE approach. A key focus was the examination of why traditional SE methodologies, often characterised by their rigid, linear structures (such as waterfall models), frequently struggle to keep pace with the rapid iteration and evolution demanded by modern, complex projects. This recognition necessitated an exploration of Agile or similar approaches. Sources consulted included university library resources, online journals, published works and discussions with Dstl SE Subject Matter Experts (SMEs).
Following the literature review, the second stage involved a qualitative case study. The identified SE approaches, frameworks, and tools were critically assessed for their applicability and potential efficacy by comparing them against the chosen use case, “Project X.” This specific project was selected from the S2OC portfolio as it was deemed representative of the highly dynamic and time-constrained operational support tasks undertaken by the business unit, exhibiting typical challenges such as evolving user needs and the imperative for rapid deployment of a viable solution. The case study aimed to identify effective tools and, crucially, the practical limitations in where or how they could be applied within such an environment. Data for the case study analysis was drawn from available (genericised) project documentation, which outlined project objectives, timelines, challenges encountered, and solutions developed. This allowed for a structured comparison of theoretical SE approaches from the literature with the realities and constraints evidenced in Project X, thereby highlighting gaps, facilitators, and barriers to SE application in rapid S2OC contexts, further informing the structure and content of the proposed SE toolkit.
The final stage of the methodology focused on identifying insights and generating the SE toolkit as the primary tangible output of the SE guidance developed. Utilising the insights gained from the literature review and case study analysis, a toolkit of relevant SE approaches, methods, and specific tools was developed. This development process involved a thematic analysis of the findings from the preceding stages, identifying recurring patterns of success, common pitfalls, and critical enablers for effective SE in fast-paced projects. The toolkit was designed to provide projects with a practical “handrail” rather than a prescriptive mandate, offering clear guidance for selecting appropriate SE methods and techniques tailored to different activities and decision points within a condensed project lifecycle. Emphasis was placed on modularity and adaptability, allowing project teams to select and apply elements of the toolkit most relevant to their specific context, scope, and constraints. The toolkit aims to structure key SE activities by providing practical tools and adaptable practices for stages such as stakeholder identification, requirements elicitation and analysis, trade-offs analysis, and risk management.
It is acknowledged that the necessary redaction and genericisation of specific details about “Project X” for classification purposes impose certain limitations on the depth of the case study data that can be presented. However, the essential characteristics and challenges relevant to the project's SE application were preserved to ensure the validity of the analysis.
3. [bookmark: _Toc204202238]Literature Review
[bookmark: _Toc204202239]3.1.	Introduction to the Literature Review
This literature review aims to critically examine existing SE practices, methodologies, and underpinning philosophies relevant to the challenges of rapid development projects, particularly within contexts similar to the Dstl S2OC portfolio. The review will first explore foundational SE principles and traditional lifecycle models to establish a baseline, referencing authoritative texts such as the INCOSE Systems Engineering Handbook [1] and works by Blanchard & Fabrycky [2]. It will then delve into the evolution of systems thinking, drawing on pioneers like Checkland [3] and Gharajadaghi [4], to understand its role in managing complexity. A significant portion will be dedicated to evaluating the emergence and impact of Agile and Lean principles, as well as their specific application to SE, as articulated by authors such as Douglass [5] and Wernham [6]. Methodologies such as the Spiral model, Agile Scrum, Dynamic Systems Development Method (DSDM), and the role of Model-Based Systems Engineering (MBSE) will be assessed for their suitability in fast-paced, high-stakes environments. The overarching goal is to identify theoretical underpinnings, practical approaches, and noted limitations in existing literature that can inform the development of tailored SE guidance for rapid, iterative, and risk-tolerant projects.
[bookmark: _Toc204202240]3.2.	Traditional Systems Engineering: A Foundation for Discipline
Traditional SE, as extensively documented in foundational texts such as Blanchard and Fabrycky’s Systems Engineering and Analysis [2] and the INCOSE Systems Engineering Handbook (Fourth Edition) [1], provides a disciplined and structured methodology for developing complex systems. These approaches often manifest in sequential lifecycle models such as the Waterfall model or the V-model. The V-model (as seen in Figure 1), for instance, emphasises a clear progression from requirements definition and decomposition on the left side, to integration, verification, and validation on the right, ensuring that each level of design is validated against its corresponding requirements. Key tenets include comprehensive upfront planning, detailed documentation, formal reviews at predefined milestones, and rigorous configuration management. This methodical approach is designed to ensure thoroughness, traceability, and a high degree of predictability, making it suitable for projects where requirements are stable and well understood from the outset, and where failure carries severe consequences [1].
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[bookmark: _Ref201427801][bookmark: _Toc204202265]Figure 1 - V-model diagram
However, the inherent rigidity and linear progression of these traditional models can present significant challenges in the context of rapid development projects, such as those within S2OC. These projects are often characterised by evolving requirements, high uncertainty, and the need for expeditious delivery, as highlighted in the introduction. The long cycle times and emphasis on comprehensive upfront specification inherent in traditional SE can be ill-suited to environments demanding flexibility and iterative feedback [6]. While the discipline and rigor of traditional SE are valuable, their direct application without adaptation may hinder the agility required for prototype warfare and time-critical support to operations, necessitating an exploration of more adaptive frameworks.
[bookmark: _Toc204202241]3.3.	Spiral Model
The Spiral model is also known as a Meta-model because it incorporates elements of other systems engineering approaches (e.g. Waterfall or Agile) whilst providing a more flexible framework – in essence, it is a model of models. The Spiral model is not restricted to fixed development phases and can specify the phases required, depending on the system's complexity and the broader environmental context. There are four phases to the Spiral model:
1. Planning – this is the first phase of each iteration cycle. It involves identifying the project mandate and conducting a requirements analysis. It defines the scope of the project for that iteration, whilst setting the groundwork for subsequent stages.
2. Risk Analysis – this stage assesses the project risks and outlines mitigation strategies to address or eliminate them. Engineering activities should also be scoped in this stage. Capturing the potential risks should be conducted at an early stage to manage development and inform decision-making proactively.
3. Engineering and Construction – with risks identified and mitigated, product development begins, aiming to transform the project’s design into a deliverable product. 
4. Evaluation and Planning – after the product has been developed, it is evaluated against the project mandate, along with gathering customer feedback. 
[image: ]
[bookmark: _Toc204202266]Figure 2 - Spiral model phases
This cyclical process allows for incremental development and refinement, with each iteration potentially yielding a more mature prototype or version of the system. While flexible, successful implementation requires skilled risk assessment and active stakeholder participation throughout the cycles to prevent uncontrolled iteration.
[bookmark: _Toc204202242]3.4.	Agile Scrum
The Agile Scrum process (Figure 3), often referred to simply as Scrum, is a highly influential framework, initially established for software development but increasingly explored within the SE domain [7] [5]. As described by Bott and Mesmer [7], Scrum is an iterative and incremental framework for managing complex work. It is structured around defined roles (e.g. Product Owner, Scrum Master, Development Team), events (e.g. Sprint Planning, Daily Scrum, Sprint Review, Sprint Retrospective), and artifacts (e.g. Product Backlog, Sprint Backlog, Increment). Work is performed in fixed-length iterations called Sprints, typically lasting one to four weeks, aiming to produce a potentially shippable increment of the product.
Vision

[bookmark: _Ref201428997][bookmark: _Toc204202267]Figure 3 - Agile Scrum Process
Douglass [5] extensively discusses the adaptation of such agile principles to the broader SE context. For S2OC projects, Scrum’s emphasis on rapid iterations, continuous feedback through Sprint Reviews, and adaptability to changing requirements offers significant appeal. The ‘fail-fast’ mentality of S2OC aligns well with Scrum’s iterative nature, where issues can be identified and addressed quickly. However, applying Scrum to SE projects involving hardware or complex physical systems presents challenges not always encountered in pure software development. These can include longer lead times for physical components, the need for more detailed upfront architecture to manage interfaces, and ensuring SE rigor (e.g. requirements traceability, safety analysis) within rapid sprint cycles [5]. The development of a ‘Definition of Done’ that encompasses SE is therefore critical.
[bookmark: _Toc204202243]3.5.	Model-Based Systems Engineering
Model-Based Systems Engineering (MBSE) represents a paradigm shift from traditional document-centric SE approaches towards the formalised application of modelling to support system requirements, design, analysis, verification, and validation activities throughout the system lifecycle. As advocated by INCOSE [1], MBSE aims to manage system complexity, improve communication among stakeholders, and provide a coherent and consistent authoritative source of truth for the system being developed. Languages such as SysML (Systems Modelling Language) are commonly used to create these integrated system models.
The SE Community of Practice (CoP) at Dstl [8] illustrated MBSE’s growing adoption. Douglass [5] also explores the synergies between MBSE and Agile SE, suggesting that models can serve as a central artifact that evolves iteratively, much like software code in Agile development. For S2OC projects, MBSE could offer significant advantages by enabling rapid exploration of architectural options, facilitating impact analysis of changes, and providing a clear, shared understanding of the system, which is crucial when dealing with urgent timescales and evolving requirements. However, the adoption of MBSE is not without challenges. These can include the initial learning curve for modelling languages and tools, the effort required to establish and maintain robust models, and the risk of ‘analysis paralysis’ if modelling becomes an end in itself rather than a means to delivering value [1]. For rapid S2OC projects, a ‘just enough’ MBSE approach, focussing on modelling critical aspects, might be more appropriate than attempting to develop an exhaustive model.
[bookmark: _Toc204202244]3.6.	Dynamic Systems Development Method (DSDM)
The Dynamic Systems Development Method (DSDM), an agile framework that shares similarities with spiral development, provides a structured yet flexible approach to software and systems development. A core principle of DSDM is ‘fitness for business purpose,’ [9] emphasising the delivery of solutions that meet essential business needs, which aligns with S2OC’s focus on delivering viable products for operational impact. Its philosophy is underpinned by principles such as iterative and incremental development, continuous user involvement, integrated testing throughout the lifecycle, and clear communication [6]. The MoSCoW prioritisation technique (Must have, Should have, Could have, Won’t have this time) is central to DSDM. For S2OC, where trade-offs to system functionality are often necessary due to expeditious timescales, the MoSCoW method provides a pragmatic mechanism for scope management, ensuring that the initial ‘Must have’ requirements and potentially critical ‘Should have’ functionalities are addressed in early iterations, with ‘Could have’ features deferred if necessary. This structured approach to prioritisation is vital for delivering Minimum Viable Products (MVPs) effectively. 
[bookmark: _Toc204202245]3.7.	Complex System Science
The environments in which S2OC projects operate are often characterised by significant complexity and uncertainty. Gharajedaghi [4] provides valuable insights into understanding and navigating such systems. Complex Systems Science (CSS) moves beyond linear, cause-and-effect thinking to appreciate attributes like emergence (where the system exhibits properties not obvious from its individual parts), non-linearity (where small changes can have disproportionately large effects), and feedback loops that can either stabilise or destabilise a system. For S2OC, viewing projects through this lens can help in anticipating unexpected challenges, designing for adaptability, and recognising that solutions may need to evolve as the understanding of the operational context deepens. This perspective underscores the limitations of overly prescriptive SE approaches and highlights the need for methodologies that embrace iteration, learning, and adaptation in response to the inherent dynamics of the system and its environment.
[bookmark: _Toc204202246]SMART Certification
Smart Certification is a relatively new area of SE being applied for some new procurement programmes within the MOD and Defence sector. Its premise is to focus on the critical elements of a system in order to minimise tolerances, removing the need to provide robust assurance for non-critical parameters. Verification and validation of a system in the Smart Certification process leans more heavily on modelling and simulation compared to real-world testing. The expectation is that by controlling the critical parameters through a tight control of manufacturing processes and quality assurance, reliable performance is achieved. Smart Certification is therefore more suited to maturer technology areas where organisations have thorough understanding of the “why” beneath the “what” of a given system. Failure to understand the critical parameters of a system and how to control them could lead to a product being unfit for purpose.
[bookmark: _Toc204202247]3.8. SME Knowledge Share
Across Dstl and MOD, there are various communities of practice (CoPs) which focus on different technology areas and capabilities. These provide opportunities for knowledge sharing of best practice and lessons identified. The Systems Engineering CoP ran an open forum in February 2025 [8] covering experiences of applying SE across a variety of defence projects. It was highlighted that Dstl is in a unique position compared with other branches of the MOD (e.g. DE&S) who procure for in-service equipment. Dstl tends to work on lower TRL projects, spanning wide engineering and scientific disciplines. For this reason, Dstl does not mandate a particular SE approach to projects, as there is no one-size-fits-all solution. 
One very relevant example given in the open forum was work in the S2OC area developing MVPs. Due to the short, urgent timescales provided, SE could only be applied in light touches. The main approaches used here were Agile engineering sprints to:
· Define single statement of user need
· Understand use-cases
· Capture requirements
· Define system-of-systems context
· Develop architecture options
· Design concept demonstrator
· Test and evaluation of concepts
Development then followed a spiral approach, adding more functionality incrementally. A “fail-fast” mentality was adopted. It was reported that this approach was successful in this instance, but upon further questioning, it was discovered that the same approach was later applied on another S2OC project and was unsuccessful. This highlights that a one-size-fits-all approach may not be possible in this area. The speaker warned against a framework as these can often be more restrictive rather than effective.  
Another use case discussed on the open forum [8] used the MBSE approach. This was applied to a more traditional MOD procurement programme in the space domain opposed to a more document-centric approach. From this activity a Model Development, Design & Validation Plan (MDDVP) was generated to understand and document the approach to be implemented over the duration of the project lifecycle.
[bookmark: _Toc204202248]3.9.	The role of Systems Thinking
Underpinning a truly effective SE approach to rapid developments is the philosophy of systems thinking. Beyond specific SE lifecycle models or project management techniques, systems thinking provides a holistic way of viewing and understanding problems. Authors like Virginia Anderson and Lauren Johnson [10] emphasise identifying interrelationships rather than linear cause-effect chains, and recognising processes of change rather than static snapshots. This is crucial for S2OC projects that often involve multifaceted problems with diverse stakeholders and rapidly changing operational landscapes.
Peter Checkland’s works on Soft Systems Methodology (SSM) [3] offers a powerful approach for dealing with ill-structured, ‘messy’ problem situations where objectives may be unclear or conflicting. SSM provides a structured inquiry process to explore different perspectives, define ‘human activity systems,’ and debate desirable and feasible changes. For S2OC, which often deals with novel challenges, SSM could be invaluable in the early ‘planning’ or problem-scoping stages to ensure that the right problem is being addressed before committing to a specific technical solution.
Furthermore, Seddon [11] critiques traditional command-and-control management styles often found in large organisations and advocates for a systems thinking approach focussed on understanding customer demand and designing services to meet that demand effectively. For Dstl, a public sector entity, Seddon’s insights into optimising flow, understanding variation, and focussing on value from the user’s perspective are highly relevant. Applying systems thinking principles can help S2OC projects to better define user needs, manage interfaces within the wider defence system-of-systems, and develop solutions that are truly fit for purpose in complex operational environments.
[bookmark: _Toc204202249]3.10.	Summary
In summary, the literature reveals a spectrum of SE approaches, from traditional, plan-driven models emphasising rigor and predictability [1] [2], to Agile and Lean methodologies prioritising speed, adaptability, and iterative Feedback [6]. Models like the Spiral model and DSDM offer hybrid characteristics, attempting to balance structure with flexibility. The growing importance of MBSE is evident as a means to manage complexity and improve communication. Underlying these methodologies, systems thinking [3] [11] provides a crucial philosophical foundation for understanding and tackling complex, interconnected problems inherent in rapid development for defence.
However, while individual methodologies and principles offer valuable insights, a clear gap exists in providing consolidated, actionable guidance specifically tailored to the unique context of rapid S&T development projects like those in Dstl’s S2OC portfolio. These projects demand not only speed but also operate within a defence environment with inherent risks, diverse technological domains, and the need to progress solutions from low TRLs quickly. The literature discusses these elements often in isolation. Therefore, this study aims to synthesise these diverse approaches – drawing on the strengths of structured SE, the adaptability of Agile, the holistic aspect of systems thinking, and the practical lessons from internal MOD experiences – to develop a practical SE toolkit or guidance designed to navigate the specific challenges and opportunities of S2OC’s rapid development landscape.
4. [bookmark: _Toc204202250]Case Study
The literature review identified new methods that could be employed on rapid procurement activities. These approaches are looked at with Project X in mind, highlighting the benefits and limitations of these approaches, taking a retrospective look back on the use case. Through this assessment, a tailored SE toolkit could be identified to operate more successfully in an S2OC setting.
4.1. [bookmark: _Toc204202251]A Reflection of SE Approaches Taken 
Before assessing the applicability of the SE practices identified through the literature review, it was important to highlight the approaches used on the case study. This analysis of Project X provides a baseline of the working practices and environmental constraints encountered, which are understood to be characteristic of many S2OC projects, though not indicative of all Dstl activities. The limitations identified are therefore presented not as project-specific shortcomings, but as systemic challenges inherent of this type of rapid development. The full list of limitations, resolutions and outstanding challenges are provided in Table 2. 
The defining constraint of Project X was its highly compressed delivery schedule. A qualified payload system was mandated for delivery within a six-month period, necessitating a design down-select within approximately seven weeks of initiation and a full-scale trial three months later [Limitation one – tight project timescales]. This experience aligns with trends observed across the S2OC portfolio, where urgent operational demands often preclude the extensive front-end planning and requirements scoping required by traditional SE approaches (such as the CADMID cycle). Finding the right balance between the need for rapid delivery and the benefits of thorough early-phase planning is a central challenge.
The project was delivered by a core Project Team (PT), with the core roles and responsibilities detailed in Table 1.
[bookmark: _Ref189559010][bookmark: _Toc204202276]Table 1 - Project Team roles and responsibilities
	Role Title
	Organisation/Company
	Responsibilities

	Project Manager (PM)
	Dstl
	Accountable for the definition, coordination, direction and assurance of the project. Responsible for the delivery of the project in accordance with the project mandate. The PM ensures the project operates within the agreed performance, quality, time and cost.

	Lead Technical Reviewer (LTR)
	Dstl
	Provides assurance to the PM to ensure that there is sufficient independent and constructive technical challenge throughout the planning, execution and closure of a project. They will seek independently to confirm that the outputs of the project are fit for purpose and meet the project mandate.

	Project Technical Authority (PTA)
	Dstl
	Works closely and productively to support the PM throughout the planning, execution and closure of a project. Primary focus on the project technical design, technical leadership and advice.

	Project Support Officer (PSO)
	Dstl
	Supports the delivery of the project’s objectives. Enables smooth running of the project by supporting the PM through the operation of project management processes and the coordination of business management actions and activities on their behalf. Also manages some activities within a project with direction from the PM.

	Work Package Technical Lead (WPTL) - Payload
	Dstl
	The WPTL supports the PM and PTA throughout the planning, execution and closure of the project. Primary focus on the technical design of their work package and for technical leadership and advice.

	3 x Technical Partners (TP)
	Dstl
	The TPs are responsible for liaising with industry partners throughout the project. They are responsible for monitoring progress, providing technical challenge to outputs, and reaching back into Dstl if government furnished information (GFI) is required.

	SAFU Designer and Payload Manufacturer
	Industry
	Design Authority for the SAFU and Original Engineering Manufacturer (OEM) of Dstl-designed payload systems. Worked with Dstl PT to identify suitable manufacturing methods which informed design of payloads.

	Energetic Trials Co-ordinator and Delivery Team
	Industry
	Responsible for planning and execution of energetics trials. Worked with Dstl PT to identify suitable range site and target solutions for trial serials. Also responsible for liaising with DE&S Test PT for generation of required approvals.

	Trials Manager (TM)
	Dstl
	Responsible for the safety of Dstl staff for the duration of the energetics trials. Liaised with WPTL, Trials Delivery Team and Instrumentation Team to produce Trials Plan and associated safety documentation. 

	Instrumentation Team
	Dstl
	Responsible for delivering required data capture techniques on the energetics trials. Liaised with WPTL, TM, and Trials Delivery Team to identify data requirements and Trials Plan to deliver suitable trial’s results.



To supplement the core team, various SMEs from across Dstl were called upon for specialist technical support. This resource model, while flexible, was subject to systemic pressures; SMEs were often requested at short notice to support critical activities on the project, creating a dependency on their availability amidst competing organisational pressures. Dstl is a matrix organisation, and as such individuals within Dstl have two management lines (Line management and Project Management), which can lead to disparate prioritisation and direction. This presented an ongoing project risk concerning the timely provision of essential technical advice. [Limitation two – intermittent support from SMEs and reliance on priority requests].
The composition of the core team was made up predominantly of project management and senior technical staff that had a broad understanding to cover the breadth and complexity of the project. Specific expertise was concentrated in the role of the WPTL (e.g. the Author), who led specific areas of the project (e.g. payload, communications, etc.). While partially mitigated by drawing on the aforementioned SMEs, this structure resulted in one-deep areas [Limitation three – dependency on key persons]. Such a dependency creates a structural risk to project continuity and introduces the potential for team burnout, illustrating a challenge in composing sufficiently resilient, multi-skilled technical teams under typical S2OC resource models within the MOD. The project team did attempt to inject senior and junior staff into each area of the project, in order to build SQEP (Suitably Qualified and Experienced Personnel) and resilience [Limitation four– size and skill mix of the core technical team].
The process of requirements definition was also shaped by external constraints. Due to operational sensitivities and stakeholder availability, direct engagement with the end-user was not possible. Consequently, the PTA liaised with key military stakeholders who acted as intermediaries. Whilst this approach provided the necessary top-level requirements, it inherently limited the team’s ability to conduct a full requirements capture and analysis, introducing a risk of ambiguity or misinterpretation of the end-user’s needs. [Limitation five – availability of critical stakeholders].
Furthermore, S2OC projects regularly address highly specific use-cases tied to operational needs. This presents a strategic challenge: a solution designed for a very specific problem may be highly effective in the short-term, but there is a risk that its narrow focus may limit its broader utility or adaptability if the operational context evolves. [Limitation six – specific use cases].
Finally, the project’s external interfaces were governed by complex contractual arrangements. The Dstl payload was designed for a platform manufactured by industry partners under a contract held by a third-party government department. This structure required all correspondence to be routed through this third party, which introduced challenges for direct, agile collaboration between the respective technical teams – a critical factor when integrating complex systems. [Limitation seven – firewalled from industry].
[bookmark: _Ref189639035][bookmark: _Toc204202277]Table 2 - Project limitations and remedial action taken
	Limitation
	Remedial action
	Remaining challenges following remedial action

	1. Tight project timescales
	Opted for minimum viable  solution that met the key requirements. Solution could then be spiral developed to optimise performance and add more functionality.
	Initial solution may only partially meet the requirements.

Tight project timescales continued so no time to reflect before/after development cycle.

More time and money are spent having to redesign, retest and requalify designs to meet all requirements rather than designing the “gold standard” first time around.

	2. Intermittent support from SMEs and reliance on priority requests.
	Planned for additional SME support in advance where possible to improve availability. Where SMEs were not able to support, alternative feedback was provided either by representatives, or in advance via other means (e.g. comments provided by email or separate meetings).
	A risk still existed that SMEs with vital knowledge may not be able to provide support to the project.

When more urgent advice was needed with a fast-turnaround time, it was not always possible to get an answer.

	3. Dependency on key persons
	No remedial action taken during case study
	Significant risk to project delivery remained due to being one-person-deep in technical areas.

	4. Size and skill mix of core technical team
	When more specific knowledge/skills were required on the project, resourcing requests would be submitted for SMEs in these areas.
	Resourcing requests were rejected on occasions either due to there being no SMEs in that area, or SMEs having no availability.

This was not an efficient resolution as it would take time to reach back to the lab for suitable resource.

	5. Availability of critical stakeholders
	Basic requirements were provided on project startup. Key performance requirements were generated using SME judgement from prior knowledge of the domain space. This reduced the reliance on getting requirements from the end-user which may have delayed outputs if they could not be contacted in a timely manner.
	Judgement was used to infer some of the critical requirements of the system. There was a risk of delivering a solution that was not fit for purpose, or did not achieve the end-user’s aims.

	6. Specific use-cases
	Features of the solution were made to be system-agnostic where possible, to allow for greater flexibility of use. 
	The solution was still specific to the operational need. Whilst this helps create a successful solution against the question of today, there was a risk that the solution would meet the need of tomorrow.

	7. Firewalled from industry
	Communication between Dstl and industry had to take place through the delivery PT. Any expected interactions were planned in advance to allow for discussions to be held.
	This slowed down interaction with industry who in this case were integrating a Dstl system onto a platform. Communication and collaboration was therefore more challenging.



4.2. [bookmark: _Toc204202252]Application of Systems Engineering Approaches
In this section, the SE approaches highlighted from the literature review are investigated further by applying them retrospectively to Project X. Their potential effectiveness will be assessed through considerations of the limitations and challenges raised in an S2OC project setting. This assessment will help to shape the tailored SE guidance for future S2OC projects.
4.2.1. [bookmark: _Toc204202253]Agile Scrum
Retrospectively applying the Agile Scrum framework to Project X offers potential avenues for addressing several of the identified limitations, particularly those related to team dynamics, stakeholder engagement, and responsiveness to emergent understanding. Scrum’s emphasis on short, iterative cycles (Sprints) could have provided a structure for the rapid development needed, with each Sprint aiming to deliver a demonstrable increment of the payload system. For instance, early Sprints could have focussed on de-risking critical design elements or validating interfaces, aligning with the need for a design down-select within a one-month period. Of the methods that were identified through the literature review, Agile Scrum is the closest approach to what was applied to Project X in reality. The solution was incrementally developed, providing additional functionality with each new version, whilst the inherent pace of the project was equivalent to that of a sprint.
The roles within Scrum, such as a Product Owner responsible for managing requirements and a Scrum Master facilitating the process, might have helped mitigate Limitation 5 (Availability of critical stakeholders). While direct end-user contact was restricted, a designated Product Owner within Dstl, working closely with the military stakeholders acting as liaisons, could have maintained a prioritised Product Backlog. This backlog, representing evolving user and system requirements, would then feed into Sprint Planning. Daily Scrums could have improved team cohesion and knowledge sharing, potentially alleviating some of the strain on the WPTL and fostering the “multilearning” described by Bott & Mesmer [7] (Limitation 4 – Size and skill mix). Regular Sprint Reviews could have provided a forum for presenting progress to Dstl internal stakeholders and the liaising military personnel, allowing for quicker feedback than might have occurred otherwise, even if indirect.
However, applying Scrum rigorously would have presented its own challenges. The formation of a self-organising, multidisciplinary team as advocated by Scrum [7], would have been difficult given the predefined roles and the issues with SME availability (Limitation 2). Committing SMEs to fixed-length Sprints might have been impractical. Furthermore, Scrum’s typical application in software development can be less straightforward when significant hardware development and external manufacturing dependencies are involved, as with the SAFU designer and payload manufacturer (Limitation 7 – Firewalled from industry). Effective Scrum relies on close collaboration with all parties, including industry, which the existing contractual firewalls would have severely hampered. Integrating formal SE activities and documentation needed for a qualified payload system within rapid sprint cycles would also require careful adaptation.
[bookmark: _Toc204202254]4.2.2.	Spiral Model
The Spiral Model’s inherent risk-driven approach could have offered significant benefits to Project X, particularly given the right timescales and the need for a qualified system. Each cycle of the spiral, explicitly incorporating planning, risk analysis, engineering, and evaluation, could have systematically addressed the highest-priority risks associated with the payload development. For example, an initial spiral cycle could have focussed entirely on firming up the interpreted requirements and critical interface definitions, with risk analysis centred on Limitation 5 (Availability of critical stakeholders) and its impact on achieving a fit-for-purpose design, manufacturing feasibility with the industry partners, and energetic trials planning.
This methodology could have directly addressed the problems noted with the remedial action for Limitation 1 (tight project timescales), where the “simple” solution risked not fully meeting requirements and incurring redesign costs. By forcing an explicit risk assessment at each iteration, the Spiral Model might have led to a more robust initial concept or highlighted the trade-offs more clearly. For instance, the risk of “intermittent support from SMEs” (Limitation 2) could be a standing item in each risk analysis phase, prompting proactive engagement strategies or contingency planning.
The challenge in applying the Spiral Model to Project X would have been the discipline required to conduct thorough risk analysis and evaluation phases within the compressed timeframe. With a design down-select needed quickly, there might have been pressure to curtail these crucial analytical phases. Effective implementation also relies on stakeholders (including military personnel and industry partners) actively participating in the evaluation at the end of each cycle. While beneficial for risk management, the overhead of managing multiple full spiral cycles for distinct deliverables within a tight timescale might have been perceived as too slow unless the cycles were very short and sharply focussed.
[bookmark: _Toc204202255]4.2.3. Dynamic Systems Development Method (DSDM)
DSDM has a strong emphasis on being “fit for business purpose” and its MoSCoW prioritisation technique appears well suited to addressing Project X’s core challenge: delivering a viable solution under extreme time pressure (Limitation 1). The MoSCoW framework could have provided a transparent and collaborative mechanism for the project team, including liaising with military stakeholders, to define and agree upon the essential (“Must have”) functionalities for the initial solution. This would directly tackle the issues arising from Limitation 5 (Availability of critical stakeholders) by forcing a clear, albeit potentially inferred, set of priorities for the initial system. It could also help manage expectations regarding what could be delivered within such a short period, mitigating the risk of the initial solution only partially meeting the requirements.
DSDM’s principles, such as iterative development and frequent delivery of increments, align with the idea of spiral development mentioned in the remedial action for Limitation 1. Furthermore, its emphasis on empowered teams and clear roles could have helped with the challenges of team skill mix and workload (Limitation 4).
However, DSDM’s effectiveness hinges on active user involvement throughout the project and an environment that supports rapid iteration and decision-making. The indirect communication with the end-user (limitation 5) and the “firewalled” interactions with industry partners (limitation 7) would have posed significant obstacles to DSDM’s collaborative principles. For DSDM to work, the liaising military stakeholders would need to be empowered to make decisions on behalf of the end-user at the pace required by the DSDM lifecycle. The existing organisational structures and communication barriers might have made it difficult to implement DSDM effectively without significant adaptation or concessions from the wider stakeholder community. 
[bookmark: _Toc204202256]4.2.4.	Model Based Systems Engineering
Adopting an MBSE approach for Project X, even a lightweight version, could have provided a powerful means to manage complexity, improve communication, and maintain a coherent technical baseline despite the distributed team and communication challenges. Given the limited size of the core technical team and the WPTL’s significant workload (Limitation 3), a system model could have served as a central repository for requirements (even those inferred by SMEs, as per limitation 5), system architecture, interface definitions, and design decisions. This shared understanding could have been invaluable for coordinating efforts between the Dstl team, the various SMEs, and industry partners.
For instance, a system model could have precisely defined the interfaces between the Dstl-designed payload and the industry-provided platform, potentially reducing ambiguity and miscommunication exacerbated by limitation 7 (firewalled from industry). Changes to one part of the system could be analysed for their impact on other parts, aiding in the rapid design down-select process. This could also support the generation of documentation required for a “qualified payload system” more efficiently than traditional document-centric approaches. As noted in the literature review from the CoP discussions, MBSE has been applied in MOD procurement, and its principles could be scaled down for rapid S2OC projects.
The main challenges to implementing MBSE on Project X would have been the steep learning curve associated with MBSE tools and methodologies, especially within a six-month project where team members might not already possess these skills. The effort to establish a useful model quickly without it becoming an impediment would be critical. There is also a risk of requiring specific software and expertise that might not be readily available or justifiable for a short, urgent project. However, even a simplified, diagrammatic modelling approach focusing on key interfaces, functions, and requirements traceability, perhaps using less formal tools initially, could have yielded benefits in clarity and communication for the hard-pressed technical team.
5. [bookmark: _Toc204202257]Systems Engineering Toolkit
Below is a snapshot of the Systems Engineering Toolkit (Table 3) that has been derived from the SE approaches and methodologies discussed within the literature review. For this academic piece of writing, an exhaustive tool has not been developed, but the scope and principles of the tool are accurate of a solution that could be deployed within Dstl. Please note that MBSE has not been mentioned within the table. This is due to MBSE effectively operating as a digital wrapper for all other existing SE frameworks, so any of the tools identified could be incorporated into SE models if a user so desires.

[bookmark: _Ref201784460][bookmark: _Toc204202278]Table 3 - Systems Engineering Toolkit
	Problem Structuring & Scoping

	Method/Tool (Framework)
	Description
	Purpose
	When to use
	Benefits
	Limitations

	Rich Picture (Systems thinking)
	Informal, collaborative drawing capturing the elements and relationships of a complex problem.
[image: ]
[bookmark: _Toc204202268]Figure 4 - Rich picture example [12] 
	To gain a shared, holistic understanding of a “messy” problem space without imposing a formal structure prematurely
	At the very start of a project, during the concept phase, before formal requirements or solutions are discussed.
	Captures subjective aspects often missed by formal models. Encourages stakeholder engagement and helps define the problem correctly.
	Highly subjective and informal. Interpretation can vary, and its effectiveness is dependent on the skill of the facilitator.

	System context diagram (MBSE/traditional SE)
	High-level visual model defining system boundaries and interactions with external entities (i.e. users, other systems, environment).
[image: ]
[bookmark: _Toc204202269]Figure 5 - System context diagram example [13]
	To define the project’s scope and establish a shared understanding of its external interfaces and operational context.
	Early in design phase, after initial problem structuring, to formally bound the system of interest.
	Prevents scope creep by defining what is “inside” and “outside” the system. Acts as a key communication tool for all stakeholders.
	Can oversimplify complex interactions if not supported by more detailed models. Requires knowledge of modelling language (if using MBSE).

	Identify Stakeholders 

	Requirements elicitation & capture plan (V-model)
	[image: ]
[bookmark: _Toc204202270]Figure 6 - Requirements elicitation & capture plan example [14]
	For each key stakeholder it determines:

The appropriate elicitation and capture method

Any documents that would provide requirements

Who is responsible for gathering the data and by when

A method to validate the requirements

Who is responsible for validating requirements and by when
	
	
	

	Stakeholder Influence Map (Traditional SE)
	[image: ]
[bookmark: _Toc204202271]Figure 7 - Stakeholder influence map example [14]
A visual tool for identifying stakeholders and mapping them on a grid based on their level of interactions/influence over the project.
	To prioritise stakeholder engagement efforts by identifying key players who must be managed closely versus those who can be kept informed.
	Immediately after the initial project framing, before detailed requirements elicitation begins.
	Determines all potential stakeholders to ensure their views are elicited if necessary. Ensures engagement is focused where it matters most. Helps anticipate potential conflicts or support from influential stakeholders.
	Can be politically sensitive. A person’s influence can be misjudged or can change during the project. Only captures known stakeholders.

	Capture Requirements 

	Use Case (Traditional SE)
	A technique for capturing functional requirements by describing the step-by-step interactions between a user and a system to achieve a specific goal. It should also include alternative and exception interactions to determine what happens in the event the designed flow of the use-case is not followed.
	Asks the stakeholder to describe how they expect to use a system.
	During the requirements capture and analysis phases to detail the functionality needed to satisfy stakeholder needs.
	Can verify existing understanding or identify gaps in current thinking.
Helps to identify interfaces with other systems.

Can define desirable and undesirable behaviours.
	Primarily focuses on functional scenarios. Can become overly detailed and numerous for complex systems. Less effective at capturing non-functional requirements (e.g. reliability, performance).

	User Stories (Agile)
	Short, simple descriptions of a requirement from a user’s perspective, following format: “As a [user], I want [goal] so that [reason].”
	To capture requirements in a way that focuses on the value delivered to the user, promoting conversation and shared understanding.
	Throughout the requirements elicitation phase. User stories are compiled into a product backlog to be prioritised for development.
	Keeps team focused on user value. They are easy for non-technical stakeholders to understand and are designed to start a conversation.
	A single story lacks sufficient detail for development. Can be difficult to write for complex non-functional or system-level requirements.

	Requirements Workshop (Traditional SE / Agile)
	A structured and facilitated meeting where a diverse group of stakeholders collaboratively define, refine, and prioritise requirements.
	To elicit and validate a broad set of requirements in a short amount of time, fostering consensus and shared ownership among stakeholders.
	During the requirements capture and analysis phases, especially for complex systems with many interacting stakeholders.
	Can significantly accelerate requirements capture compared to individual interviews. Fosters collaboration and can resolve conflicting needs in real-time.
	Success is highly dependent on the skill of the facilitator and having the right people in the room. Can be difficult and costly to schedule.

	Analyse Requirements

	Quality Function Deployment (Traditional SE)
	The first matrix in the QFD process. It translates customer requirements into specific, technical design characteristics.

[image: ]
[bookmark: _Toc204202272]Figure 8 - QFD matrix example [15]
	
	To ensure the design is rigorously focused on meeting customer needs by linking stakeholder wants to measurable engineering specifications.
	During the requirements analysis, after initial customer requirements have been captured.
	Creates a clear, traceable link between what the customer wants and how the system will be built. Highlights trade-offs between technical characteristics.
	Can be very large, complex, and time-consuming to create properly. Its value is entirely dependent on the quality of the initial customer requirements data.

	MoSCoW Prioritisation (Agile / DSDM)
	A technique to categorise requirements into four priority levels: Must have, Should have, Could have, and Won’t have (this time).
[image: ]
[bookmark: _Toc204202273]Figure 9 - MoSCoW method example [16]
	To establish clear priorities for development, enabling effective scope management and trade-offs under tight constraints.
	During requirements analysis and revisited throughout the project to manage scope, especially when planning iterative solutions.
	Provides a simple, transparent framework for difficult scope decisions. Manages stakeholder expectations and ensures a viable core product is delivered.
	Can lead to conflict if stakeholders attempt to classify everything as a “Must have.” Requires disciplined facilitation and an empowered team.

	Functional Flow Block Diagram (Traditional SE)
	A diagram showing the sequential and parallel relationships of the functions a system must perform, without presupposing a specific physical implementation.
[image: ]
[bookmark: _Toc204202274]Figure 10 - Functional flow block diagram example [17]
	To decompose system-level functions into lower-level sub-functions and understand the logical execution order and dependencies required to achieve the system’s mission.
	During the requirements analysis and early architectural design phase to understand the functional behaviour of the system
	Helps ensure all required functions are identified and understood. Provides a basis for defining functional requirements and developing system architecture.
	Purely functional, does not capture performance, timing, or other non-functional requirements. Can become complex for large systems.

	Agree qualification and acceptance criteria

	Acceptance Criteria (Traditional SE / Agile)
	A set of predefined conditions that must be met for a system or feature to be formally accepted by a user, customer, or other stakeholder.
	To ensure there is a clear, common understanding of what “done” or “successful” means for a given requirement, removing ambiguity from the acceptance process.
	Defined alongside each requirement before development work begins on that requirement.
	Reduces ambiguity and misinterpretation of requirements. Empowers the development team by giving clear targets to work towards.
	Writing acceptance criteria can be difficult. Poorly written criteria can lead to disputes during the acceptance phase.

	Test & Evaluation Master Plan (Traditional SE)
	A comprehensive document outlining the overall plan for all test and evaluation activities throughout a project’s lifecycle.
	To provide a structured framework for planning, executing, and managing the entire verification and validation (V&V) effort, ensuring the system is thoroughly tested and meets its requirements.
	Developed early in the project lifecycle and updated continuously. It guides all subsequent test planning and execution.
	Ensures a disciplined and comprehensive approach to V&V. provides traceability between requirements and testing activities. Essential for formal qualification.
	Can be a large and bureaucratic document, potentially too heavyweight for S2OC projects unless carefully scaled down.

	Sprint Review (Agile)
	A meeting held at the end of each sprint where the development team demonstrates the working increment of the product they have built to stakeholders.
	To gather feedback on the developed functionality, foster collaboration, and allow the product owner and stakeholders to inspect progress and adapt future plans.
	At the end of every development sprint or iteration.
	Provides regular, tangible evidence of progress. The feedback loop allows for rapid course correction and ensures the final product is aligned with user needs.
	It is not a formal sign-off gate; it’s a feedback session. There is a risk that stakeholders may not fully engage or may misinterpret the demo as the final product.

	Iterative Development & Risk Management

	Timeboxing / Sprints (Agile)
	An approach where development work is divided into fixed-length periods (e.g. 2-4 weeks), with a commitment to deliver a defined increment of work by the end.
	To create a predictable development rhythm, enforce focus and prioritisation, and ensure a regular opportunity for feedback on a working product.
	During the engineering, construction, and testing phases to manage the iterative delivery of system functionality.
	Creates a predictable rhythm and a sense of urgency. Provides regular milestones for demonstrating progress and allows for course correction.
	Can be challenging for tasks with long hardware lead times. May create pressure to sacrifice quality or documentation to meet the deadline.

	Failure Modes & Effects Analysis (FMEA) (Traditional SE)
	A systematic, proactive method for evaluating a system’s design to identify potential failure modes, their causes, and their effects on system operation.
	To identify and prioritise potential risks to system functionality and safety, allowing mitigation actions to be taken before failures occur.
	During the detailed design phase, and revisited whenever a significant design change is proposed.
	Provides a structured and documented approach to safety and reliability analysis. Helps build a more robust system, which is crucial for qualification
	Can be very time-consuming. Its effectiveness is limited by the team’s ability to foresee all potential failure modes.

	Daily Stand-up Meeting (Agile)
	A short, daily, time-boxed meeting (typically 15 minutes) where team members briefly report on progress, upcoming work, and any impediments.
	To synchronise team activities, facilitate rapid problem-solving, improve communication, and identify and address obstacles quickly.
	Daily, throughout the development sprints or iterations.
	Improves team coordination and transparency. Allows hurdles to be identified and addressed immediately, preventing delays.
	Can become a simple status report to a manager if not facilitated correctly. The benefits are lost if it is not kept short and focused.

	Manufacturing & Production

	Kanban Board (Agile)
	This is a visual tool used to manage the flow of work. It shows tasks as cards in columns that represent various stages of the workflow (e.g. in progress, not started, completed, etc.)

[image: ]
[bookmark: _Toc204202275]Figure 11 - Kanban board example [18]
	Enables visualisation of the project’s entire workflow, allowing the team to limit the amount of strands in progress. Also helps to identify bottlenecks or obstacles to product delivery.
	Can be used continuously throughout the development phase. It is more often used in teams that have continuous output rather than fixed iterations.
	Enables quick identification of bottlenecks and obstacles to find quick resolution. Limiting the amount of work in progress prevents teams from becoming overloaded and encourages focus. Is adaptable.
	Does not include timeboxing like Agile Sprints do, so can lack urgency if it’s not managed appropriately.

	P-diagrams (traditional SE)
	A structured tool used to classify the variables associated with a system’s function into inputs, outputs, noise factors, and control factors.
	Helps to identify and separate the desirable inputs and outcomes from the undesirable or uncontrollable noise factors that affect a system’s performance.
	During the early design and concept development phase, especially when aiming to create a robust system that is insensitive to environmental or operational variations.
	Provides a clear framework for robust design by forcing consideration of noise factors (e.g. temperature, user error, etc.). Helps to focus design efforts on controlling key factors to achieve consistent performance.
	Can be an abstract exercise if not grounded in real data. The distinction between different factor types can sometimes be ambiguous.

	QFD 3
	The third stage of QFD, which takes the critical part characteristics from QFD 2 and uses them to define the key manufacturing and assembly processes needed to produce those parts.
	To design the manufacturing and quality control processes in a way that ensures the critical characteristics of the system’s components can be achieved consistently.
	During the transition from design to manufacturing, when production processes and quality control plans are being developed.
	Ensures that the manufacturing process is designed to deliver the required quality, rather than hoping for it. Helps identify critical process steps that need monitoring.
	Requires a deep understanding of both the component design and available manufacturing methods. Can be difficult to implement without close collaboration between design and production teams.

	QFD 4
	The fourth stage of QFD, which takes the processing characteristics from QFD 3 and uses them to establish detailed quality control measures for the shop floor.
	To define the specific operational procedures, checks, and process parameters that must be maintained to ensure consistent production quality.
	During the final stages of production planning, just before and during the manufacturing phase, to create work instructions and control plans.
	Translates high-level quality goals into actionable instructions for production staff. Provides a clear process for monitoring and controlling quality on the factory floor.
	Can be very detailed and risks becoming overly robust if not focused only on the most critical characteristics of the manufacturing process. Requires significant effort to maintain and update.






6. [bookmark: _Toc204202258]Discussion
It is worth noting that MBSE has examples that align to most of the entries in the guiding toolkit, however the data and format may differ slightly.
6.1. [bookmark: _Toc204202259]Benefits
The primary benefit of this SE toolkit is that it avoids a “one-size-fits-all” approach, which the internal Dstl CoP SE Forum warned against. Project teams can select the most suitable tools for their specific needs. A project with a “messy,” ill-defined problem can lean on Systems Thinking tools like Rich Pictures upfront. A project with clearer requirements but high technical risk can focus on FMEA and iterative prototyping. This flexibility is essential for the diverse Dstl portfolio and can be utilised throughout all stages of the project lifecycle.
The toolkit explicitly combines the speed and responsiveness of Agile methods (e.g. Sprints, User Stories) with the discipline of traditional SE (e.g. configuration audits, FMEA). This flexible, hybrid nature is crucial for the S2OC context, where the need for speed must be balanced with the requirement to deliver safe, qualified, and reliable systems, particularly in the OME domain.
In a high-pressure environment, there is a temptation to make reactive, undocumented decisions. The toolkit provides lightweight structures that promote critical thinking. Using MoSCoW prioritisation offers a clear and defensible rationale for scope trade-offs. A system context diagram lays the groundwork for scoping discussions. These tools assist teams in making better decisions more swiftly and in documenting the “why” behind those decisions.
Many tools in the toolkit, particularly visual ones such as causal loop diagrams and MBSE approaches, create a common language. In a complex environment with distributed teams and firewalled stakeholders (as seen in Project X), these shared visual models can transcend organisational boundaries and reduce ambiguity much more effectively than dense documents with unclear terminology.
The toolkit can be scaled to fit the project. A small, exploratory “fail-fast” project might only use a Kanban board and daily stand-ups. A larger, more complex rapid development project can pull in more formal methods like a Test & Evaluation Master Plan or MBSE Requirements diagrams as needed, without forcing the entire suite of tools onto every project.
6.2. [bookmark: _Toc204202260]Limitations
The list of tools presented here are intended to be a representative sample, not an exhaustive encyclopaedia of every possible SE framework or method. This curated approach helps avoid overwhelming users, but the trade-off is that a more niche or newly emerging tool, ideally suited to a specific S2OC challenge, may be excluded. Furthermore, due to this study being completed for academic purposes, SE tools have been included for Manufacturing and Quality Control elements of a project. However, this falls outside of Dstl’s remit, and responsibility is handed over to organisations like Defence Equipment & Support as these elements are only considered once products are being developed for in-service use.
Another limitation of this toolkit is that it’s based on literature and retrospective analysis. It lacks empirical user feedback from within the Dstl/S2OC environment. A project team therefore has no data on where a specific tool has been applied successfully or unsuccessfully on similar past projects, which limits confidence in its selection and application.
There is a risk that by providing a large menu of tools to a team that is already under extreme time pressure can be counterproductive. Without clear guidance or significant experience, the team might struggle to select the right tool for the job, leading to “analysis paralysis” or poor choices. A simple, mandated process, while less flexible, is sometimes easier for an inexperienced team to execute.
Another potential challenge the toolkit introduces from its large list of methods is that the flexibility to “pick and mix” tools can lead to teams creating disjointed processes if they don’t understand the underlying principles. For example, a team might use User Stories but without the crucial collaborative conversation, reducing them to just another form of written requirement. The toolkit’s effectiveness depends on the team’s ability to weave the chosen tools into a coherent and logical workflow.
Many of the tools listed in the toolkit are not self-executing; their value is only realised through skilled application by the facilitator and the project team. Furthermore, MBSE approaches require trained SE modellers to apply the appropriate frameworks effectively. There is a risk that an S2OC team, often small and resource-constrained, may not have the necessary expertise readily available to use the chosen tools effectively.
Furthermore, whilst the toolkit can help a project team manage their work more effectively, it cannot solve deep-rooted organisational or cultural limitations identified in the case study. It cannot remove contractual firewalls with industry, force SME availability, or grant access to end-users. There is a danger that teams see the adoption of this toolkit as a solution in itself, without addressing the underlying systemic issues that often cause projects to struggle.
While some tools are simple (e.g. Daily Stand-Ups), others like MBSE approaches require investment in software licences and substantial training. For a rapid project with a tight budget and timeline, allocating resources for new tools and the necessary training can be impractical, limiting the real-world applicability of some of the more advanced methods in the toolkit.
6.3. [bookmark: _Toc204202261]Reflection
This study highlighted the significant divergence between Systems Engineering frameworks and the reality of their application in high-pressure environments. The literature review presented a range of structured, rational processes designed to maximise success and minimise risk. However, the case study of Project X provided a stark contrast, revealing a landscape where formal processes were necessarily compromised due to overwhelming schedule constraints and external dependencies. For instance, the foundational SE principle of comprehensive, upfront requirements capture was not conducted fully. Instead, the project team were forced to rely on inferred requirements derived from SME judgement – an adaptation that, while enabling progress, knowingly introduced risk of delivering a sub-optimal solution. This led to the Author to conclude that in rapid development contexts, the role of an SE approach is not always to enforce a perfect process, but rather to provide a structured “handrail” for making the best possible trade-offs in an imperfect, resource-constrained reality. The study therefore reflects a deeper appreciation for SE not as a rigid set of rules, but as a framework for disciplined decision-making under duress.
The Author’s intellectual journey of this study reflected the core theme of adapting to complexity. The initial research aim was to identify or define a singular SE framework suitable for S2OC. However, the evidence gathered compelled a re-evaluation of the objective. The literature review revealed a multitude of competing, valuable theories, while the case study demonstrated that no single approach would have survived contact with reality unscathed. The realisation that a prescriptive framework would be restrictive rather than effective – a warning echoed in the SME Knowledge Share – was a pivotal moment in the research. Consequently, the study’s primary output evolved from the concept of a “framework” to that of a flexible, modular “toolkit.” This pivot was not a failure to find an answer, but rather the discovery that the answer lay in rejecting a single solution. This process led to the insight that the most effective approach to a complex systems problem is one that provides its users with a variety of tools and the wisdom to select them appropriately, reflecting a mature understanding that there are no perfect solutions to Systems Engineering.
Furthermore, this study led to an understanding of the limits of process improvement within the wider organisation. The proposed SE toolkit can undoubtedly empower a project team, providing them with better methods for managing their internal work. However, the case study of Project X made it clear that a project team is a sub-system operating within a much larger organisational system. The most significant constraints faced by Project X – such as the communication firewalls and the cross-organisational competition for SME resources – were systemic issues beyond the team’s control. Therefore, a key reflection is that the effectiveness of the proposed toolkit is ultimately capped by the performance of the wider system. While the toolkit can help a team mitigate the effects of these constraints, it cannot solve them. This leads to the conclusion that for transformative, long-term improvement in delivering rapid capabilities, project level process enhancements like this toolkit must be paired with strategic, top-down efforts to address the more fundamental, systemic barriers at the organisational and enterprise levels.    
7. [bookmark: _Toc204202262]Conclusion
This study sought to determine an effective systems engineering approach for rapid payload development projects and other fast-paced projects undertaken by Dstl’s S2OC programme. The investigation concludes that effectiveness is not found in the rigid application of a single, monolithic framework, but rather through an informed application of tools and methods from a hybrid of different SE approaches. An optimal approach for this environment is one that blends the discipline of traditional SE with the flexibility of Agile principles. This toolkit allows users to curate their own approach to SE based on the context of a given project environment.
The literature review identified a bounty of valuable SE practices: from the rigour of the V-model to the iterative feedback loops of Spiral and Agile Scrum, yet no single philosophy held all the answers. The subsequent case study of Project X grounded the theory in reality, illustrating the constraints of time, resources, and communication that are a common challenge for S2OC projects. The case study demonstrated that while agility in these contexts could provide benefit, the complexity and criticality of the work means that more structured SE processes are still needed. A clear requirement emerged for a guiding toolkit that provides flexibility, allowing users to apply the right process at the right time.
The primary output of this study is the development of the “Systems Engineering Toolkit for Rapid Payload Development.” The toolkit serves as a handrail for decision making and also promotes critical thinking. It empowers project teams to select validated methods for each stage of the lifecycle, enabling them to construct a tailored SE strategy. Its central benefit is in allowing teams to consciously balance the competing demands of speed and assurance, leveraging Agile tools for pace and feedback, while applying more traditional SE methods where safety, qualification, and reliability are paramount.
The limitations of this approach must be acknowledged, however. The toolkit is only a guide; its successful application is heavily dependent on the SE knowledge of the project team. Furthermore, while it can help a team to navigate their project more effectively, it cannot resolve deeper, systemic organisational challenges – such as “red-tape” and limited resources – that were evident in the case study. These wider issues remain an area for attention.
Ultimately, the future value of this study lies beyond the toolkit presented here. The main recommendation is to evolve this toolkit into a “living” knowledge management system. By creating a platform where practitioners can share feedback, document “lessons identified” from applying these tools, and contribute new methods, Dstl can foster a culture of continuous improvement. This will create an SE practice that not only supports rapid developments but evolves at the same pace as the critical operations it serves, ensuring a lasting strategic advantage for UK defence and security.

References

[1] 	INCOSE, INCOSE Systems Engineering Handbook (Fourth Edition) - A Guide for System Lifecycle Processes and Activities, San Diego: Wiley, 2015. 
[2] 	B. S. Blanchard and W. J. Fabrycky, Systems Engineering and Analysis, New Jersey: Pearson Education, 2006. 
[3] 	P. Checkland, Systems Thinking, Systems Practice, Chichester: Wiley, 2002. 
[4] 	J. Gharajedaghi, Systems Thinking - Managing Chaos and Complexity: A Platform for Designing Business Architecture, Oxford: Elsevier, 2006. 
[5] 	B. P. Douglass, Agile Systems Engineering, Waltham: Elsevier, 2016. 
[6] 	B. Wernham, Agile Project Management for Government, London: Maitland and Strong, 2012. 
[7] 	M. Bott and B. Mesmer, “An analysis of theories supporting agile scrum and the use of scrum in systems engineering,” Engineering Management Journal, vol. 32, pp. 76-85, April 2020. 
[8] 	Dstl, Systems Engineering Community of Practice, Salisbury: Dstl, 2025. 
[9] 	DSDM Consortium; The Open Group, White paper: DSDM (Dynamic Systems Development Method) and TOGAF (The Open Group Architecture Framework), DSDM Consortium & The Open Group, 2003. 
[10] 	V. Anderson and L. Johnson, Systems Thinking Basics - From Concepts to Causal Loops, Pegasus Communications, 1997. 
[11] 	J. Seddon, Systems Thinking in the Public Sector, Triarchy Press Ltd, 2008. 
[12] 	K. L. Siau and Y. Wang, “Cognitive evaluation of information modelling methods,” Information and Software Technology, 2007. 
[13] 	Miro, “A simple guide to using and creating a context diagram,” [Online]. Available: https://miro.com/blog/context-diagram/. [Accessed 30 June 2025].
[14] 	D. Holley, “05 - Determine and Manage Requirements Part 1 2023,” UWTSD, Swansea, 2023.
[15] 	Slideserve, “Quality Function Deployment,” 26 July 2014. [Online]. Available: https://www.slideserve.com/lucita/quality-function-deployment-qfd. [Accessed 30 June 2025].
[16] 	Slidemodel, “MoSCoW method powerpoint template,” [Online]. Available: https://slidemodel.com/templates/moscow-method-powerpoint-template/. [Accessed 30 June 2025].
[17] 	Wiringschema, “Functional Flow Block Diagram,” [Online]. Available: https://wiringschema.com/systems-engineering-functional-flow-block-diagram/. [Accessed 30 June 2025].
[18] 	fitytalking, “kanban board template,” 19 March 2024. [Online]. Available: https://fitytalking.weebly.com/blog/notion-kanban-board-template. [Accessed 30 June 2025].





[bookmark: _Toc204202264]Report Documentation Page

	* Denotes a mandatory field

	1a.
	Report number: *
	DSTL/TR170843
	1b.
	Version number:
	1.0

	2.
	Date of publication: *
	25/07/2025
	3.
	Number of pages:
	39

	4a.
	Report UK protective marking: *
	UK OFFICIAL

	4b.
	Report national caveats: *
	NONE

	4c.
	Report descriptor: *
	NONE
	5a.
	Title: 

	
	A Systems Engineering Toolkit for Rapid Payload Developments

	5b.
	Title UK protective marking: *
	UK OFFICIAL

	5c.
	Title national caveats: *
	NONE

	5d.
	Title descriptor: *
	NONE
	6.
	Authors: *

	
	Evans Joshua

	7a.
	Abstract: *

	
	

	7b.
	Abstract UK protective marking: *
	UK OFFICIAL

	7c.
	Abstract national caveats: *
	NONE

	7d.
	Abstract descriptor: *
	NONE
	8.
	Keywords:

	
	Keywords

	Please note: Unclassified, Restricted and Confidential markings can only be used where the report is prepared on behalf of an international defence organisation and the appropriate prefix (e.g. NATO) included in the marking.



image2.jpeg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image3.png
d tl Delivering
S Mission Success




image4.jpeg
Sl




image5.png
4. Evaluation

1. Planning

3. Engineering

N

2.Risk
Analysis




image6.png
Requirements

7 ™~

Review Design

i Develop





image7.png
Requirements

7 ™~

Review Design

i Develop





image8.png




image9.png
External
element.

+

Relationship betwoen external
ontitios nd main system

External

—*octionsip e eloment

Relationship.

External
element

Relationship between exterol
ontitios and main system

External
element.





image10.png
Requirements Elicitation & Capture Plan

Stakeholder

Elictation & Capture
Method

Source Documents

Responsible

By When

Validation
Method

Responsible





image11.png
Competitors

Access
To Market

Operators

qmts

Fuel
Suppliers

Indirect
Operators

Researchers

Advise




image12.png
QFD Matrix

Relationship between

DI‘,”::}‘;,”:,', Customer Re:uiremems
an
Primary
Interrelationship between Tes;‘;"\?r:' ‘E’:sﬁgwg"
Technical Descriptors Secondary i
(correlation matrix) > +9 @ Strong
HOWs vs. HOWs 2|2 +3 O Mediun)
E|s +1 4 Weak
+9 @ Strong Positive |3
+3 O Positive
-3 X Negative @ 8
2 B
-9 ¥ strong Negative 55 3 g5
£ £55
23 235
o é’ ao é’
Technical | Our A
Competitive [ As NRRE
Assessment 5o 2|2l §
O|<|m | £
[Dearee of Technical Difficulty] & |8 (3]
Target Value _oE |E[8(8[z[2
Absolute Weight and Percent| 222 |5/3|al5[e
Relative Weight and Percent R HAE
Prioritized Technical | 3E3 | 4l S1'5|2(2
Descriptors | ©8¢ |3|E|3|B[&





image13.png
Musthave

This is a sample text.

Insert your desiredtext here.

This is a sample text.

Insert your desiredtext here.
This is a sample text.

This is a sample text.

Shouldhave

This is a sample text.
Insert your desired text here.
This is a sample text.
Insert your desired text here.
This is a sample text

This is a sample text.

@ completed

@ Inthe progress

O Notyetstarted




image14.png
Functional description





image15.png
snckwel STORIES | T0D0 | prosress | To veriey | powe

== EEE=s= | =
= EEEEg =gy

LI LA T I





image1.png
School of
Applied Computing




