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Abstract. The objective of this study was to analyse the development of radar systems in a govern-
ment research and development environment from a systems engineering perspective and identify
which, if any, systems engineering tools and methods are used. The practical portion of the research
took a mixed methods approach where both qualitative and quantitative data collection techniques
were used. The quantitative portion of the research assessed aspects of systems engineering in the
context of the research environment the participant is working in using categories of the Systems
Engineering Capability (SECM) EIA/IS 731 model. Analysis of the data indicated that, in principle,
systems engineering methods and tools are supposed to be applied in this research area, however this
was not done consistently across projects. Some of the challenges in this research area included elic-
iting clear customer requirements, resource constraints and budget and schedule overruns. Recom-
mendations were made based on the findings from a systems engineering perspective.

Introduction and Background

Safety and security has become a global concern due to the persistent and varied attacks on human
and other life forms. In light of these threats, observation of one’s environment is important to gather
information and prevent attacks before they occur (Nahum 2015). Radar technology can provide
significant advantages to security systems due to properties such as day-night, all-weather and wide-
area surveillance (Weber, Premji, Nohara & Krasnor 2004). Therefore there is a need for radar sys-
tems that are affordable, easy to use, flexible and easy to deploy. However, several factors other than
technical capability need to be considered for the successful development, deployment and operation
of these systems. These factors include affordability, availability, ease of maintenance, and comple-
tion of the system according to the development schedule (Adrian, Ferrier & Ricci 2007). It is there-
fore important to assess effectiveness of the methods used to develop these systems.

Engineered systems came to be as a result of the needs of society as well as new opportunities that
presented themselves as a result of advancing technology (Kossiakoff, Sweet, Seymour & Biemer
2011). The system development process is the complex effort required to recognize this need, find a
realistic technical solution and develop and introduce the system into operation. Systems engineering
revolves around reducing risk by addressing the problem in smaller steps. It also determines the tech-
nical skills needed to achieve the desired system; therefore it plays an important role in determining



the correct combination of performance, budget and schedule and can act as an integrator between
the various functions (Botha, 2016). Systems engineering can enable the delivery of successful sys-
tems as it focuses on evaluating the complexity of a system early in the project thereby leading to a
better understanding of requirements and mitigating risk (Mabelo & Sunjka 2017).

Research Objectives

Many projects are driven by the need to replace old systems with systems using new technology. The
complexity of modern projects often requires the integration of various systems into a larger system
and including functionality that was not possible before (Bar-Yam 2003). There are various stages to
the system development process and also an assumption that management is clear about the require-
ments at each of these stages. A project is considered a failure if these specifications are not met. The
objective of this study was to assess the development of radar for safety and security ina  govern-
ment research and development environment from a systems engineering perspective and identify
which, if any, systems engineering tools and methods are used. The study attempted to discover
whether these methods had an impact on the development of radar systems. Aspects such as sustain-
ability, project management and the research and development environment were also examined in
order to understand the influence of such factors. Based on the results of the data gathering process,
common factors and issues in the design, development, integration and deployment of radar systems
for safety and security were extracted and analysed.

Research Questions

In order to achieve the objective of the research topic, the following questions had to be answered:

1. What are the primary systems engineering tools and methods used in radar system develop-
ment?

2. Is the systems engineering process being used effectively along with project management to
deliver successful radar systems?

3. What barriers exist to using systems engineering methods in a research and development en-
vironment?

4. Does a use of systems engineering tools and methods lead to successful radar system devel-
opment?

Theoretical Framework

According to Hamid, Raza & Naqvi (2013), research shows that the use of systems engineering in
research and development projects not only enables better management, but also better technical
solutions, requirements development and management, and system development and testing. Suc-
cessful application of systems engineering according to Blanchard & Byler (2016) is dependent on
the proper implementation and management of the simplified process illustrated in Figure 1. The
various tools necessary to enable these steps form an intrinsic part of the process.
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Figure 1. Simplified Systems Engineering process
(Blanchard & Byler 2016)



In the development of a system using radar technology, the radar engineer often takes the role of a
system engineer (Hill 2001). The role of a system engineer is to transform operational requirements
into a functioning system, a role similar to that of a project manager (Hill 2001). Systems engineering
forms a part of project management as it guides the technical effort required to develop the system.
According to Hamid et al. (2013), a project manager is responsible for a project failing due to unclear
requirements, scope creep, insufficient reviews at the completion of a phase and overloaded sched-
ules. The use of systems engineering methods such as requirements engineering and design reviews
could therefore prevent this. Elm, Goldenson, El Emam, Donatelli & Neisa (2008) state that in many
projects systems engineering is not segregated as a separate activity and is therefore hard to evaluate.
Since the benefits of systems engineering are not always readily known, it can be hard to make a case
for dedicated systems engineering activities. Many project managers are tempted to limit these ac-
tivities to reduce cost and schedule. An understanding of systems engineering is therefore necessary
to justify expenditure on related tasks and resources (Elm et al. 2008).

Systems Engineering Capability Model (SECM) EIA/IS 731 is an instrument that can be used to
measure the capability of system engineering processes (Malik, Erasmus & Pretorius 2017). The
quantitative portion of this case study assessed aspects of systems engineering in the context of the
research environment the participant is working in using certain categories of the SECM EIA/IS 731
model. Figure 2 below illustrates the categories and focus areas of the model.

EIA/IS 731.1 SECM

1.0 Systems Engineering Technical Category
FA 1.1 Define Stakeholder & System Level Requirements
FA 1.2 | Define Technical Problem
FA 13 Define Solution
FA 14 | Assess and Select
FA 1.5 | Integrate System
FA 1.6 | Venty System

FA 1.7 | Validate System
2.0 Systems Engineering Management Category
FA 21 Plan and Organize

FA 2.2 | Monitor and Control
FA 2.3 | Integrate Disciplines
FA 2.4 | Coordinate with Suppliers
FA 2.5 | Manage Risk
FA 2.6 | Manage Data
FA 2.7 | Manage Configurations
FA 28 | Ensure Quality
3.0 Systems Engineering Environment Category
FA 3.1 | Define & Improve the Sys. Engineering Process
FA 3.2 | Manage Competency
FA 3.3 | Manage Technology
FA 34 | Manage Svs. Engineering Support Environment

Figure 2. SECM categories and focus areas
(Widmann, Anderson, Hudak & Hudak 1999)

For this study, the questions on systems engineering will focus on the following categories of the
SECM EIA/IS 731:
e Systems Engineering Technical Category:
Define Stakeholder & system level requirements, Define Technical Problem, Assess and Select,
Verify System, Validate System
e System Engineering Management Category:
Monitor and Control, Integrate Disciplines, Manage Risk, Manage Data, Manage Configurations,
Ensure Quality



Research Design and Methodology

Research begins with the formulation of the research question(s) which strongly influence the rest of
the research process including methodology, data collection and analysis methods (Wohlin & Aurum
2015). These methods may be qualitative, such as semi-structured interviews or participant observa-
tion, or quantitative such as surveys (Zahle 2018). Case studies provide an analysis that is in-depth
and focussed on one or few cases and can give insight into causality, however it can be argued that
the degree to which the results can be applied to an outside environment is unknown (Elm et al.
2008).

Research into systems engineering is growing, hence data gathering tools such as surveys will be
increasingly used (Smartt & Ferreira 2013). The data collected from these surveys are useful in un-
derstanding, for instance, the effect of using best practice systems engineering methods on project
performance, or building a business case for using these methods (Smartt & Ferreira 2013). An ex-
planatory mixed methods design was used where an initial quantitative phase was followed up by a
qualitative phase. The results of the quantitative phase was used as a framework to analyse the data
collected in the qualitative phase ( Borrego, Douglas & Amelink, 2009).

Research Instrument

An online questionnaire was used for the quantitative portion of the practical research. The question-
naire was used to assess the perspective of team members on the methods and tools used during
various radar system development projects they have been involved in. These experimental radar
systems are intended primarily for safety and security.

The qualitative portion of the research, the semi-structured interviews, was conducted with senior
engineers in the radar research and development field who have systems engineering experience. The
primary focus was to understand the methods used in radar system development.

Online Questionnaire. An online questionnaire was sent out to engineers working in the radar re-
search area of a government research and development organisation with the number of possible
participants being 33. The engineers are differentiated based on their seniority with senior engineers
primarily taking a lead design role while more junior engineers take on a development role for the
various sub-systems. Several projects run concurrently and the size of the project team may vary as
resources are shared across projects.

The intention behind the format of the questionnaire was to start with questions that could help cate-
gorise the data. These were questions on the amount of years’ experience working in the research
area as well as the standard project duration. The next set of questions focussed on various categories
of systems engineering and an ordinal scale was used. Ranked or ordinal data is used when wanting
to assess how strongly a respondent agrees with a statement (Saunders, 2016). The last three ques-
tions were used to allow the respondents to rate project success in terms of meeting budget, schedule
and requirements. Furthermore, optional comments were allowed on certain questions. This allowed
respondents to corroborate or expand on the option selected for that question.

Semi-Structured Interviews. The questions for the semi-structured interviews sought to gain more
information on certain aspects of systems engineering such as requirements definition, scope creep,
sustainability, verification and validation as well as project management involvement in system de-
velopment. The data gathered during the interviews gave more context to the results of the quantita-
tive data gathering phase. The interviews were recorded and transcribed for further data analysis.



Data Analysis

Quantitative Data Analysis. The main aim of quantitative research is to show causality, here the
terms independent and dependent variable come into play, i.e. the dependent variable has an effect
on the independent variable (Brayman & Cramer 2011). The ordinal data from the online question-
naire was analysed by calculating the mean values, the standard deviation and the consensus level.
The consensus level uses probability distribution and the range between the highest and lowest cate-
gories to produce a value that spans the unit interval (Tastle & Wierman 2007). This can be used for
any ordinal scale to determine the level of agreement, i.e. consensus. The data gathered using an
ordinal scale can therefore be given a value of dispersion that is logical and also theoretically sound.
The consensus level formula as defined in Tastle & Wierman (2007) was used where a consensus
level of 1 indicates complete agreement in that category.

The test for significance on the results was done using Fisher Exact Test. The Fisher Exact test is
used in 2 by 2 tables especially for small sample sizes (StatisticsSolutions 2019). The formula for the
Fisher Exact Test as defined in StatisticsSolutions (2019) was used. The formula computes the prob-
ability of the combination of frequencies that was obtained.

Qualitative Data Analysis. A key aspect of qualitative data analysis is the use of inductive reasoning
which produces ideas from the collected data. The data is used to develop conclusions, a mental
picture is created that tries to explain relationships between concepts and why they occur and link it
back to previous knowledge (Harding & Whitehead 2013). As discussed, the online questionnaire
had a written comments section. Those who chose to comment may have a different viewpoint in
general and so it was important to consider the category they fell into when analysing the data
(O'Cathain & Thomas 2004). Therefore the written comments on the questionnaire were analysed
qualitatively. Thematic narrative analysis was used to analyse the data gathered in the semi-structured
interviews where analytical themes were identified that focussed on the content of the analysis rather
than the structure (Saunders 2016). The interviews were recorded and transcribed for analysis. Key
words and phrases were searched for in the written and transcribed data to find data relevant to the
research questions and to determine whether the results corroborated, elaborated, contradicted or
complemented the results of the online survey.

Results

Quantitative Data Results

The questionnaire was first sent out to engineers actively working on various radar system develop-
ment projects, the survey responses were kept anonymous. Out of the 33 people the survey was sent
to, 12 people responded. The majority of respondents have worked in the research area for 10 years
or more. Due to the low response rate, the data was first analysed by looking at the respondents as a
whole, then by splitting the respondents into those with experience working in this specific area for
less than 10 years, hereafter referred to as Group 1, and engineers with more than 10 years’ work
experience, hereafter referred to as Group 2. This was done based on the observation that engineers
in this research area with more years of work experience have a more senior role in system develop-
ment. Project duration was not considered as a control variable as 11 out of 12 respondents work on
projects that last 2 to 4 years.

Table 1 below displays results for questions where the consensus (level of agreement) is higher than
0.6 for at least one group. The cells that are greyed out indicate a result where the consensus is less
than 0.6. A value of 0.6 was chosen as it indicates a clear majority in terms of level of agreement (a
value of 1 indicates complete agreement in a category as previously explained).



Table 1: Overview of Quantitative results (greyed out cells, consensus < 0.6)

General Systems Engineering Awareness

Overall

Group 1

Group 2

Systems engineering methods are applied during system
development in your research area.

Neither agree nor dis-
agree

There is a well-documented systems engineering process
that is widely communicated in the research area.

Mostly Disagree

Systems Engineering Technical Category

Mostly Disagree

Overall

Requirements are clearly defined and analysed after
stakeholder engagements and before development begin.

Group 1

The requirements documentation of system and system
elements can be accessed by all members of the devel-
opment team.

The requirements do not change
a project life-cycle.

significantly during

Mostly Disagree

Mostly Disagree

Neither agree nor disa-
gree

Mostly Agree

Mostly Agree

Mostly Disagree

There is a defined and documented guideline to choosing
Commercial-Off-The-Shelf (COTS) components that
meet specifications.

Mostly Disagree

Mostly Disagree

Mostly Disagree

Systems Engineering Management Category

Overall

Risks are identified and assessed during the concept ex-
ploration stage of a system life cycle and risk mitigation
plans are put in place and documented.

Group 1

Mostly Disagree

Group 2

There are accurate and up-to-date descriptions defining | Mostly Agree Neither agree nor disa- | Mostly Agree
interfaces of a system in detail using interface control gree

documents or the like.

Task progress is regularly tracked and reported by those | Mostly Agree Mostly Agree Mostly Agree
who develop and update the project plan.

There are design reviews at significant milestones at var- Neither agree nor disa- | Mostly Agree
ious project life-cycle phases which are well docu- gree

mented.

Project Success Criteria Overall Group 1 Group 2
Projects in this research area are completed on schedule. | Mostly Disagree Mostly Disagree Mostly Disagree
Projects in this research area are completed within | Mostly Disagree Mostly Disagree

budget.

Projects in this research area fulfil all customer require- | Neither ~Agree nor Mostly Agree
ments on completion. Disagree

The Fisher Exact Test analysis was done on the results of the online survey to determine if there was
any significance in the results between Group 1 and 2 engineers. The format displayed in Table 2
was used to test for significance in the quantitative results.



Table 2: Fisher Test Format

Number who | Number who Disa- | Marginal Row Total
Agree gree

Group 1 (<than 10 yrs) | a b atb

Group 2 (> than 10 yrs) | c d c+d

Marginal Column Total | a + ¢ b+d atb+c+d

The results of the Fisher Exact indicated significance at p<0.05 for only one question, which was
"Systems engineering methods are applied during system development in your research area."
This indicates evidence of a statistically significant difference in the agreement of engineers in Group
1 and Group 2 on whether systems engineering methods are applied in this research area. Group 1
engineers were most likely to disagree with the statement while Group 2 engineers were most likely
to agree with it.

Qualitative Data Results

The written comments in the online survey were considered for qualitative analysis. Semi-structured
interviews were conducted with two senior engineers in the research area. The interviews were tran-
scribed and the data analysed for themes.

Summary of Written comments. A common theme in the comments was that systems engineering
methods are not consistently applied, even though in principle it should be applied in system devel-
opment in this research area. Although requirements analysis is done some participants felt that it is
not done to the right level and proves to be insufficient for the later phases of the project. Some of
the reasons offered for this include a lack of meaningful involvement of the client in this process as
well as constraints on time and resources in refining requirements. Some participants feel that due to
the experimental nature of the work, requirements cannot be finalised upfront, a changing require-
ments base is needed. Other comments regarding requirements include that the requirements are not
documented and communicated to the wider team, which can hamper the verification and validation
process.

Trade-off studies are done but not all participants are involved in this process. There was a contra-
diction between two participants’ comments on the execution of this process. One felt that although
the studies are done, the selection of solutions is based on incorrect criteria. The other participant felt
that the trade-off studies performed are done in depth according to a defined value system although
not documented as standardised criteria across projects.

In the question regarding risk management, some participants stated that risk mitigation plans were
not documented up front and mostly done ad hoc. This contradicted another participant’s comment
that risk registers are maintained and consulted throughout system development. Participants felt that
integration plans are often not documented but verbally discussed. A reason given for this approach
is that the nature of work results in circumstances changing so frequently, it would be a waste of time
documenting plans that won’t be followed.

Design reviews are performed in this research area however it primarily involves senior engineers.
Here again there was a contradiction in the comments from participants regarding the quality of doc-
umentation generated as well as the consistency of the process. The final comments were regarding
whether customer requirements were met on project completion. There was no definitive answer but
the general feeling was that some requirements were exceeded while others were not met. Due to the



experimental nature of the work, clients may be more flexible regarding the changing nature of re-
quirements.

Summary of Semi-structured Interviews. After the analysis of the transcribed interviews, the fol-
lowing important themes could be identified. When defining requirements for a system in this re-
search area, either the client has a base set of requirements that are then further refined or the system
engineers will engage with the client to understand their needs and define the requirements. Scope
creep that changes requirements can affect system development, therefore changes in contractually
defined requirements must be agreed upon with the client. The impact of the changes in terms of
financial and scheduling must be analysed to truly understand how it will affect the development.
When factoring in sustainability in system design, this research area focuses primarily on the longev-
ity of the system, the cost of maintenance and the type of technology, the technology chosen must
not be obsolete in the near future.

The verification and validation of the system requirements is done either formally, during project
reviews where the system is demonstrated to clients, or informally where the client works more
closely with the development team and it is done more frequently. Verification and validation was
also explained as something to be demonstrated on multiple levels, from component to system level.
Therefore during requirements definition, there must be an agreement on how the various require-
ments will be demonstrated or measured as not everything can be measured in the same way.

Project management is considered as a key factor in facilitating the systems engineering process as
it controls scheduling of resources and tasks, the budgeting of the project and the assessment of risk
and other factors that will impact the delivery of the final system.

A successfully developed system is one that is completed on time, on budget and, most importantly,
that meets client requirements. The key challenges to meeting these criteria in this research area are
poorly defined requirements as well as constraints such as availability of resources. Requirements
need to be defined in a realistic manner taking into consideration resource and budget constraints.

The overall feeling is that there needs to be some form of formalization of the systems engineering
process in this research area as it will help define processes and lead to some conformity across
projects.

Conclusion and Recommendations

The objective of this study was to analyse the development of radar systems in a research and devel-
opment environment from a systems engineering perspective and identify which, if any, systems
engineering tools and methods are used.

Research conclusions

Based on the results from the data gathering process, common factors and issues in the design, de-
velopment and integration of radar systems were extracted.

The online questionnaire asked participants to rate their agreement with statements relating to the
application of systems engineering in areas such as the definition of stakeholder and system level
requirements, verification and validation of system specifications, assessment and selection of solu-
tions, monitoring and controlling resources, integration of disciplines, risk management, data and
configuration management, and ensuring quality.

In principle systems engineering methods are supposed to be applied in this research area. However
when analysing the quantitative data, there was only consensus regarding a certain aspects.



In the systems engineering technical category, most participants disagreed with the statement that
requirements do not change significantly during the project life-cycle. This corresponded with the
qualitative data results where participants stated that due to the experimental nature of the work,
systems are developed that try to answer vaguely defined research questions and therefore some re-
quirements may not be properly defined before system development begins. Overall, participants did
not agree that requirements are clearly defined before system development begins. Most participants
also disagreed that there is a defined and documented guideline when choosing COTS components
that meet specifications.

From the systems engineering management category, it could be gathered that processes such as risk
mitigation, integration, design reviews and engineering design are not consistently documented
across projects and if they are, the documentation is not sufficient or made available to the entire
team. A positive in this category was that most participants agreed that task progress is tracked and
reported so that the project plan can be updated.

The Fisher Exact Test was done on the results of the online survey and a statistically significant
difference was found for one result. Participants with less than 10 years’ work experience (Group 1)
were most likely to disagree with the statement, “Systems engineering methods are applied during
system development in your research area”. Participants with more than 10 years’ experience (Group
2) were most likely to agree with the statement. When looking in totality at the data gathered, there
could be a few reasons behind this discrepancy. Some possible reasons are listed below:

1. Systems engineering methods are applied primarily by senior/lead engineers, sometimes tacitly.
These processes are not documented or the documentation is not made widely available, therefore
engineers not directly involved in these processes are not aware of these methods, the decisions
made during these processes and consequently the impact thereof on system design and devel-
opment decisions.

2. Senior/lead engineers have knowledge of systems engineering methods and tools, but due to a
lack of defined processes, documentation and terminologies in this research area, the methods
used are dependent on the lead engineer/s and are not applied consistently across projects.

3. Senior/lead engineers do not have the requisite amount of expertise and experience in systems
engineering and are therefore not consistently applying these principles in system development.

4. Systems engineering methods are being applied in this research area but less experienced engi-
neers are not cognisant of it due to a lack of communication, inclusivity or awareness of systems
engineering.

Many of the key themes gathered from the semi-structured interviews corresponded with that of the
data gathered from the online survey. Unclear requirements and resource constraints were some of
the key challenges in this research area. The participants were in agreement that a requirements base-
line must be contractually agreed on with the client and changes introduced during system develop-
ment must be analysed with an impact study and changes to budget and schedule agreed upon with
the client. Interviewees also agreed that project management plays a key role in facilitating systems
engineering and that a formalised systems engineering process could assist in establishing processes
and consistency across projects.

As stated by the interviewees, the key components in evaluating a successfully developed system
was completion on time, on budget and on brief, with the most important being the fulfilment of
requirements. These three criteria were also used in the online survey as project success criteria.
Overall, participants of the online survey disagreed that projects are completed on time or budget. A
clear answer was not obtained regarding fulfilment of customer requirements, overall the result indi-
cated that participants neither agreed nor disagreed with the statement. However Group 2 engineers
mostly agreed with the statement. The written comments expanded on this result by explaining that
some system requirements are exceeded while others are not met. However, clients may be flexible



regarding certain requirements considering the experimental nature of the work and at times there is
renegotiation of these requirements during the development phase.

Based on the data, the main research questions were addressed below.

What are the primary systems engineering tools and methods used in radar system develop-
ment? Based on the results of the quantitative and qualitative data gathering, systems engineering
tools used include requirements analysis and definition with the client, concept development which
entails trade study analysis of various solutions, risk analysis and feasibility studies and cost model-
ling. This is followed by detailed engineering design and development, with design reviews at sig-
nificant milestones, implementing an integration plan, and verification and validation of require-
ments. In the conceptual development phase, based on the trade-off studies and risk analysis, deci-
sions have to be made on whether to “make or buy” system elements. The system elements must
have a long life cycle, have high availability and be low maintenance. Important documentation in-
cludes requirements documentation, risk registers, engineering design documentation such as inter-
face control documents, integration plans and project plans with monitoring of task progress.

Is the systems engineering process being used effectively along with project management to
deliver successful radar systems? From the results of the survey, participants did not agree that
projects were completed on time or on budget. Although project management is primarily responsible
for these criteria being met, systems engineering can assist in estimating these parameters. Systems
engineering plays a huge role in meeting systems requirements by guiding the technical effort, but
there was not a conclusive answer on whether all customer requirements were met on project com-
pletion. Based on the data it can be concluded that systems engineering and project management are
not being used together effectively in this research area.

What barriers exist to using systems engineering methods in a research and development envi-
ronment? As discussed, the primary challenges include poorly defined requirements as well as re-
source constraints. The experimental nature of the work, where several unknowns exist, and a lack
of meaningful client interaction lead to the requirements definition process being short-changed. Poor
requirements definition which influences technical design decisions leads to unforeseen technical
challenges during development and ultimately schedule and budget overruns. Delays introduced by
constrained resources and other internal processes also lead to projects going over time and budget.

Does a use of systems engineering tools and methods lead to successful radar system develop-
ment? This question cannot be conclusively answered in the context of this case study. The data
shows that although senior engineers in this research area are aware of various systems engineering
tools and methods, some participants state that these methods are not consistently applied in projects.
This is supported by the data gathered from the survey, where participants disagree on whether sev-
eral key systems engineering methods are applied. Systems engineering primarily plays a role in the
quality of the final system, however here again it cannot be conclusively said that, in this research
area, the system meets all customer requirements on project completion. Therefore, based on this
case study, a relationship between the use of systems engineering methods and successful radar sys-
tem development cannot be established.

Recommendations

A key challenge in system development in this research area is the lack of properly defined re-
quirements. Requirements engineering is a key component of systems engineering, therefore it can
play an important role in the requirements definition process and must be applied diligently. Systems
engineering is an iterative process and the objective is to meet requirements, the system design pro-
cess is a step by step lessening of abstraction with each step coming closer to the final system (Maier
1996).



Considering resource constraints in this research area, a base set of realisable requirements must be
defined as early as possible in the development cycle and agreed upon with the client. Changeability
must be built into the system requirements to cater for current and future requirements as more in-
formation is provided by clients (Ross, Rhodes & Hastings 2008). Additional requirements must be
renegotiated with the client after considering budget and schedule impact. Systems engineering is
about solving problems with clients and they must be engaged in the development process (Shenhar
1994).

Project management and systems engineering need to work together in order to successfully develop
a system. The data from this case study suggests that several of project management activities are
not being consistently driven and therefore it is recommended that project management plays a more
interactive role in system development along with systems engineers.

System development is a team effort and although not all team members have the same level of
responsibility, they must have an understanding of system and sub-system level specifications in the
context of customer requirements. This can be communicated via clear and up to date documentation.
It is recommended that systems engineering documentation templates be provided across projects
and the location of the documents accessible to all team members. This will also make it easier when
resources move across projects to have a base set of documentation to familiarise themselves with
the system.

Integration is a vital component of systems development as many issues may arise when sub-systems
are integrated that need to be resolved as quickly as possible. Therefore it is recommended that an
integration plan is discussed up-front, documented and updated, and that there is sufficient project
control so that the plan is implemented.

In many projects, systems engineering is not a segregated task, it may even form part of project
management (Elm et al. 2008). If there is not an agreement on what is categorised as a systems
engineering task, the effectiveness of the methods can be hard to evaluate and it can be difficult to
make a case for dedicated systems engineering activities.

Therefore it is important to establish some form of process in order to measure the effectiveness of
it. As stated previously, the data collected in this study could either help analyse the effect of using
best practice systems engineering methods on project performance, or build a business case for using
these methods Based on the results of this case study, it is recommended that this research area for-
malises its systems engineering process. The intensity of the application of processes may vary across
projects, as explained by Emes, Smith, James, Whyndham, Leal & Jackson (2012), there should not
be an over-dependence on processes, especially where it does not apply, engineers must understand
the principle behind a process rather than mindlessly enforce it.

Future ResearchAlthough this case study touched on aspects of project management, it was not ex-
plored in detail. Therefore the relationship between project management and how it can facilitate and
also benefit from systems engineering can be explored in more detail in future research.

As can be gathered from this case study, properly defined requirements have an impact on system
design and development. Requirements engineering in the context of an experimental research and
development environment with funding restrictions is also a topic that can be further researched.

This study used certain categories of the SECM EIA/IS 731 model to measure the capability of sys-
tems engineering processes, future research can also use models such as Capability Maturity Model
Integration (CMMI) and Software Process Improvement and Capability Evaluation (SPICE) that are
used to assess and improve both software and systems engineering processes.
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