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ABSTRACT 

This paper proposes a new generation Computer Enhanced Systems Engineering (CESE) tool 
known as an Operations Concept Harbinger (OCH). The OCH is the result of the applic ation 
of information management technology to solving the problem of poorly implemented re-
quirements engineering, in particular poorly written and articulated requirements as well as 
the effect of changing requirements for both single systems and Systems of Systems. The 
OCH thus bridges the gap between the soft systems methodologies used in the early phases of 
the system development life cycle and the hard systems methodologies used in the construc-
tion of a system. The OCH may be thought of as a multimedia Operations Concept Document 
that also contains measures of effectiveness for each operational scenario. The paper also de-
scribes the experiences of prototyping the OCH for a Force Level Systems Engineering appli-
cation. 

 

INTRODUCTION 

We are living in an age of transitions. One 
of these is the transition from hardware-
based systems to software-based systems. 
While Information Technology (IT) un-
derpins the civ ilization in the early years 
of the 21st Century, the current systems 
and software acquisition and development 
paradigm is characterized by mind-
boggling complexity, a turbulent transition 
from function-based designs to object-
oriented designs, cost and schedule over-
runs (CHAOS 1995; OASIG 1996), and 
project failures (Capers Jones 1996). 

Hooks (1993) discussed the problem 
of poorly written requirements. Kasser and 
Williams (1998) show that a major cause 
of these cost and schedule overruns is the 
result of poor requirements engineering, 
namely 

• Missing and incorrect requirements; 
• Poorly written and articulated re-

quirements; 
• Failure to manage changing require-

ments during the course of the con-
struction of the system. 
 
Moreover, Jacobs (1999) states that a 

1997 analysis of the software development 
process performed at Ericsson identified 
“Missing Understanding of Customer 
Needs” as the main obstacle for decreasing 
fault density and lead-time. Moreover, 
during the years since the earlier papers 
were published, requirements management 
tools have proliferated, but they do not 
seem to be addressing problem of poorly 
written requirements. Thus, Carson (2001) 
addresses these same issues years after 
Hooks (1993) raised them. Hence the ap-
plication of tool technology to the subject 
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of reducing the effect of poorly written 
requirements is long overdue. 

The problems experienced in creating 
an optimal single system on schedule and 
within budget are minor when compared 
with the problems of coping with the ac-
quis ition and life-cycle management of 
multiple systems. Recognition of this ex-
pansion of the scope of the problem to 
deal with multiple systems at different 
stages of evolution has resulted in the 
modern emphasis on what has become 
known as “Systems of Systems”. More-
over, increasing complexity of the evolu-
tion of Systems of Systems and their sys-
tems engineering context is challenging 
many aspect s of traditional systems engi-
neering practice (Chen and Clothier 2002). 

This paper introduces a new Computer 
Enhanced Systems Engineering (CESE1) 
tool known as an Operations Concept 
Harbinger (OCH). This tool has the poten-
tial to: 
• Improve the requirements elicitation 

process, by providing an interactive 
facility for exploring the capabilities 
of the customer’s needs. 

• Minimize the effect of poorly written 
requirements by using an object-
oriented approach to tag use case sce-
narios in the concept of operations 
with measures of effectiveness (in re-
sponse to the question “how will you 
know when the system of interest 
meets your needs?”) 

• Improve the acquisition and life cycle 
management of both single and mult i-
ple systems. 

CONCEPTS OF OPERATIONS 

Operations concept documents (OCD) are 
one of the critical documents in the sys-
tems development lifecycle (Kasser and 
Schermerhorn, 1994) because they provide 
the vision of the proposed system. Gabb 
(2001) summarizes the purpose of the 
OCD as describing the operation of a sys-
tem in the terminology of its users. Gabb 
stated that it may include identification 
and discussion of the following 

                                                                 
1 The term CESE was introduced in 1996 to distinguish 
between computer tools for systems engineering and the 
commonly used acronym CASE meaning Computer Aided 
Software Engineering. 

• Why the system is needed and an 
overview of the system itself.  

• The full system life cycle from de-
ployment through disposal. 

• Different aspects of system use includ-
ing operations, maintenance, support 
and disposal. 

• The different classes of user, including 
operators, maintainers, supporters, and 
their skills and limitations. 

• Other important stakeholders in the 
system. 

• The environments in which the system 
is used and supported. 

• The boundaries of the system and its 
interfaces and relationships with other 
systems and its environment. 

• When the system will be used, and 
under what circumstances. 

• How and how well the needed capabil-
ity is currently being met (typically by 
existing systems). 

• How the system will be used, includ-
ing operations, maintenance and sup-
port. 
 
Gabb also provides the traditional sys-

tem engineering perspective when he 
writes that “an OCD is not a specification 
or a statement of requirement - it is an ex-
pression of how the proposed system will 
or might be used, and factors which affect 
that use. As such it is not obliged to follow 
the 'rules' of specification writing and can 
be relatively free in its language and for-
mat. Generally it will contain no ‘shalls’.” 
However, a true “free form” OCD tends to 
complicate traceability of subsequently 
written requirements to sections of the 
OCD. 

THE REQUIREMENTS PROCESS 

Requirements management. In the 
course of the System Development Life 
Cycle, the OCD is analysed and used to 
create the Requirements Document. How-
ever, it is well known that contemporary 
requirements management practice is far 
from ideal. This inadequacy shows up in 
various ways including 
• Vague and unverifiable require-

ments  – due to poor phrasing of the 
written text. 

• Incompletely articulated require-
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ments – due to a poor requirements 
elicitation process. 

• Incomplete requirements  – due to 
various factors including domain in-
experience, and the lack of expertise 
in eliciting requirements by technical 
staff. 

• Poor management of the effect of 
changing user needs during the time 
that the system is under construc-
tion – due to lack of the understanding 
of the need for change management, 
and the tools to do the function in an 
effective manner. 
 
Gabb et al. (2001) define a require-

ment as “an expression of a perceived 
need that something be accomplished or 
realized. Van Gaasbeek and Martin (2001) 
quote Dahlberg as stating, "we don't per-
form system engineering to get require-
ments and, “we perform system engineer-
ing to get systems that meet specific needs 
and expectations.” The focus is on user 
needs, not requirements. What system en-
gineers appear to have forgotten is that 
requirements are used to document user 
needs in a verifiable manner, requirements 
are a means, not an end. There is nothing 
divine about requirements they are just a 
translation of user needs into function and 
performance specifications for the system 
to be built. 

Change is pervasive. User needs are not 
static, they change over time, and it must 
be expected that they will change while 
the system is being constructed. The soft-
ware world has recognized this situation 
and has largely abandoned the waterfall 
methodology in favour of a variation of 
the spiral and rapid development method-
ologies. The objected-oriented software 
world has gone one step further and elimi-
nated the use of requirements by repre-
senting the user needs in the form of use 
cases and Unified Modelling Language 
(UML) diagrams. Schmuller (1999) states 
that UML diagrams may be enhanced by 
using pictures to make them more under-
standable by the non-technical viewer. The 
UML diagrams provide a number of tem-
poral and relational views of a system.  

The UML use case scenarios are very 
similar to the scenarios in the traditional 

systems engineering concepts of opera-
tions so there is nothing to preclude the 
use of use cases for describing all of 
Gabb’s points. While the object-oriented 
approach uses the UML as a convenient 
way of expressing use cases, and improves 
the representation of user needs, it has not 
provided much to improve the elicitation 
of the user needs. 

Poor reliability. The current process of 
documenting and managing user needs 
includes two sequential steps, namely first 
producing an OCD and then a System Re-
quirements Document (SRD). Each of 
these processes is imperfect and introduces 
errors into the products. These errors are 
then carried through into the design and 
implementation of the system.  

UML diagrams captured in a database 
type of tool may be used to describe sce-
narios and replace OCDs. Current thought 
in Requirements Engineering is to con-
sider the SRD as a printout of a System 
Requirements Database. Yet while trace-
ability of requirements to the OCD is ad-
vocated, the concept of combining or con-
necting the UML OCD and the System 
Requirements database does not seem to 
have been explicitly stated. It is however 
implied by the object-oriented approach of 
modelling that commences construction of 
a system based on the UML diagrams. 
Holt (2001 p33) states that many projects 
succeed due to effective modelling (the 
‘M’ in UML). The OCH makes use of 
these concepts. 

A NEW TYPE OF REQUIRE-
MENTS MANAGEMENT TOOL 

Tools are readily available for building 
and storing UML descriptions of systems. 
Consider the situation in which UML 
would be used for the use cases and tags 
would be used to contain Measures of Ef-
fectiveness (MOE) for the use case. Thus 
not only would the tool contain the user 
needs in the form of use cases, but the 
conditions for showing how the user needs 
would be deemed to have been met in  
every use case would also be built into the 
tool. The designers would then have the 
need or “requirement” to design to, and 
the Test and Evaluation (T&E) staff would 
have the necessary information to define a 
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Test and Evaluation Master Plan. This ap-
proach is the functional equivalent of 
combining the OCD and System Require-
ments Document (SRD) in a tool database 
(together with other data). It would elimi-
nate the need to produce requirements 
documents and thus bypass the generation 
and effect of vague and unverifiable re-
quirements in the current paradigm. 

Current UML descriptions are static 
representations. Schmuller (1999) stated 
that the UML diagrams can be enhanced 
by using graphic depictions of components 
instead of boxes to enhance the communi-
cation. So why not further enhance the use 
case representation in the tool by the addi-
tion of multimedia descriptions and other 
representation diagrams. Thus the use 
cases would be presentable in the form of 
a mixture of various formats, as appropr i-
ate, including but not limited to 
• UML, basic and enhanced with graph-

ics – the current way of working. 
• Static workflow diagrams – adding 

user perspective, the tool would trans-
form the diagrams into UML for the 
developers and testers. 

• Dynamic workflow diagrams – ani-
mated diagrams showing sequences. 

• Audio files – containing verbal de-
scriptions such as environmental con-
ditions for the deployed system, or 
user concerns. 

• Video files – showing scenarios. 
These may be animated or filmed. 

• Simulations – of all or part of the sys-
tem. 

• Text mode – for those people who still 
think in terms of “requirements”. 
 
By presenting the concept of opera-

tions of the proposed system in this type of 
tool, the description should be more com-
prehensive than that in purely text mode 
OCDs. 

The tool database is then further ex-
panded into an integrated project technical 
and managerial database by adding the 

Quality System Elements (QSE) (Kasser 
2000). These data are present in the exist-
ing production paradigm, but tend to be 
separated in several different tools:  Re-
quirements Management, Project Man-
agement, WBS, Configuration Control, 
and Cost Estimation, etc. The QSE in the 
OCH facilitate the next step in the evolu-
tion of Requirements Engineering; a disci-
pline that is evolving from its traditional 
role as a mere front-end to the systems life 
cycle towards a central focus of change 
management in system-intensive organiza-
tions (Jarke 1996). Kasser not only de-
scribes the expansion of the traditional 
Requirements Traceability Matrix into an 
integrated technical and programmatic 
project database containing the QSE, he 
also describes the concept of tools and 
agents that access the QSE to provide 
various views into the state of the project. 
The OCH is such a tool 

THE OPERATIONS CONCEPT 
HARBINGER 

The OCH bridges the gap between the soft 
systems methodologies used in the early 
phases of the system development life cy-
cle and the hard systems methodologies 
used in the construction of a system. The 
OCH is 
• A new type of CESE tool. 
• A tool for capturing user needs with-

out the explicit use of “text-mode re-
quirements”. 

• Optimal for systems that span multiple 
systems. While suitable for represent-
ing single systems, the OCH will be a 
better tool for representing Systems of 
Systems. OCDs and SRDs can be 
bulky for single systems, while the 
combined OCD and SRDs for multiple 
systems pose a daunting amount of 
reading that can only be managed ef-
fectively using some kind of CESE 
tool. 



Systems Engineering, Test & Evaluation Conference,  Sydney, Australia , October 2002 
Page 5 

• Scenario based. 
• Diagram or picture based. 

 
Figure 1 shows the use of the OCH 

occurs during the needs elicitation process 
and the requirements documentation sec-
tions of the system life cycle. The OCH 
provides capability that is currently pro-
vided by text mode OCDs, SRDs, PERT 
and GANTT charts, and full-scale simula-
tions. Since the OCH may contain ani-
mated graphics and various work flow 
charts for describing processes, the OCH 
will be cheaper to implement than simula-
tions for multiple systems scenarios.  

DESCRIPTION OF THE OCH 

The internal structure of the OCH is frame 
-based (Cook et al., 2001) where each 
frame may be considered as a page of in-
formation. The contents of the frame 
(page) controls which information is to be 
displayed on the computer display or on a 
large multimedia screen display. The 
frame has two dimensions as shown in 
Figure 2. The vertical (temporal) dimen-
sion controls the sequence and duration of 
each display page, and the horizontal (ac-
tivity) dimension contains the individual 
screen display information showing the 
element of the use case that is active in the 
specific time frame for all parts of the sys-
tem. This is the same format as the UML 
swim lane activity diagram. The difference 
being that each of the blocks can be ani-
mated, and the frame also has slots for the 
MOE tags and other QSE elements for 
each activity in the use case.  

Form of the  OCH. The OCH takes the 
form of a set of display pages or screens 

within the two-dimensional structure as 
shown in Figure 3. Each display page can 
contain a number of different items as 
shown in Figure 4, namely 
• A multimedia multi-screen presenta-

tion conta ining multi-media as 
appropriate, process flow-charts, video 
of actual or similar scenarios. This 
may be thought of as being an ani-
mated UML swim lane diagram. 

• A storyboard screen for continuity. 

Multiple screens as appropriate, e.g. depth 
- drilling down to details as appropriate. 
•  

Non-linear access to operations concept. 
Each page contains hyperlinks to other 
pages. This feature allows for quick access 
to various views and sections of the sys-
tem: a feature that is not possible with a 
paper-based OCD. 

In a multiple system situation. When 
scenarios cross systems boundaries, each 
screen is a representation of the scenario in 
the system allocated to the screen. There 
are two main use cases for the OCH in the 
front-end of the system life cycle, as 

Figure 1 The Place of the OCH in the System Life Cycle 

 
Figure 2 Two-

dimensional format of OCH 
internal structure 
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shown in Figure 5. These are 
• Loading the use cases into the OCH, 

and 
• Displaying and discussing the contents 

of the OCH. 

ENHANCING THE 
REQUIREMENTS ELICITATION 

PROCESS. 

When the contents of the OCH are dis-
played, an interactive dialogue takes place 
between designer and customer that clari-

fies the scenarios and can add the MOE. 
This feature helps bridge the gap between 
the soft systems methodologies such as the 
CATWOE (Checkland 1993) approach 
used to elicit user needs for the system of 
interest and the hard systems methodolo-
gies used to construct the system. Any ap-
propriate workflow model or analysis 
methodology can form the basis for the 
analysis and exploration of the user needs 
and the transformation into the use cases. 
This process, depicted in Figure 6 is an 

Figure 1 The Structure of the OCH  

«Page»  
Storyboard 

OCH  

«Page» 
Display 1 

«Page» 
Display 2  

«Page»  
Display ..  

Contains Contains Contains Contains 

 
Figure 3 OCH Swim Lane Column format 
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Figure 4 OCH Display Page Contents 
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Figure 5 OCH Use Cases 
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enhanced requirements elicitation process. 
The interactive visual approach improves 
the communications between the system 
engineer and the customer in documenting 
the user needs. 

ADVANTAGES OF THE 
OPERATIONS CONCEPT 

HARBINGER 

The advantages of the OCH include but 
are not limited to the following 
• Bypassing today’s problems due to 

“poor requirements”. 
• Visual representation of “needs” leads 

to a dialogue based on the following 
elicitation questions 

1. Is this what you want? 
Which tends to clarify mis-
conceptions between user and 
analyst as well as increasing 
the articulation of needs. 

2. On what basis will you de-
cide that your need is met by 
the system in this scenario? 
Which leads to the MOEs and 
QSE. 

• Visual representation readily leads to 
inherited “needs” which reduces the 
quantity of “missing requirements”. 
For example if the visual representa-
tion shows a desert environment, the 
discussion should also focus on envi-
ronmental and regulatory needs, which 
can be, and have often been, forgotten 
in today’s paradigm. 

• Facilitates shared meaning by virtue of 
being able to view the contents in a 
non-sequential manner. This allows 
the conversations to rapidly move to 
other parts of the system by virtue of a 
few clicks on hyperlinks. 

• Reduces reliance on words. This is 
becoming increasingly important in 
today’s climate of global alliances for 
major systems development. 

• Can show more than one view of a 
system at the same time. These views 
may be spacial or temporal. For ex-
ample, in a business process-
reengineering situation, an “as-is” ver-
sion can be displayed together with a 
“to-be” version of a system and the 
differences can be clearly articulated. 

DISADVANTAGES OF THE OP-
ERATIONS CONCEPT HARBINGER 

The disadvantages of the OCH are 
• It is easy to state “needs” in terms of 

“solutions” since representations tend 
to be in the form of examples of solu-
tions. For example a video showing a 
proposed system in operation will tend 
to show how the system will work as 
well as what it will do. However, this 
disadvantage may be put to use in a 
verbal proposal situation, in which the 
OCH may be used to describe how a 
proposed system will meet the pur-
chaser’s needs. The verbal proposal 
can be in the form of a multimedia 
OCH that can be viewed at the pur-
chaser’s convenience and remains on 
record for the duration of the project. 

• It is more difficult to construct than a 
written document. However, this may 
be an artefact of the process. 

FORCE LEVEL SYSTEMS ENGI-
NEERING 

Force Level Systems Engineering (FLSE) 
is the application of systems engineering 

Designer

OCH

Customer

To

D i s c u s s e s

DisplaysBu i lds

 
Figure 6 Enhanced Needs 

Elicitation Process 
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at the Force Level that is to multiple sys-
tems. The Australian approach to FLSE is 
different to that of the United States Navy 
(USN) Battle Force Systems Engineering 
(BFSE) (Dickerson and Soules 2002). 
However, the Australian Defence Force 
(ADF) does not yet have the USN like In-
tegrated Digital Environment (IDE) to 
support the process. Consequently, the 
recommended Australian approach is to 
first review the concepts developed in the 
USN and other countries, and then adapt 
them for the ADF in such a manner as to 
evolve the current FLSE into the ADF 
IDE (AIDE). 

In early 2002, the Joint Systems 
Branch (JSB) of the Defence Science and 
Technology Organisation (DSTO) was 
carrying out a number of initiatives in ar-
chitecture and systems engineering for 
joint C4ISREW systems analysis, future 
capability studies and force development.  

The teams working in these initiatives 
produced many interesting and important 
findings, useful data and references for 
supporting force level defence capability 
planning and management, and gained 
good experience in using various tools for 
architecture development and analysis. 
JSB was then faced with the problem of 
how to bring theses outcomes together and 
indicate the feasibility of FLSE across the 
strategic and capability disciplines in a 
relative ly simple demonstration. 

THE FLASH 

The dimensions of the problem include 
• Process and process interactions. 
• Tools required at each level. 
• Communications and information 

flows. 
• Data, change and configuration man-

agement. 
• Organizational cultural imperatives. 

The solution was to present the outcomes 
in the form of a Force-Level ADF Systems 
Harbinger (FLASH) based on the OCH 
concept. 

The purpose of the FLASH  is to 
articulate the concept of an integrated 
toolset that maps onto existing FLSE 
processes. 

The value of FLASH is to 

• Illustrate how decision making at all 
levels can be improved through the 
provision of timely, correct and con-
cise information. 

• Identify and refine processes in all 
areas. 

• Identify and refine process products. 
• Identify and improve information 

flows and interfaces; in particular be-
tween areas. 

• Identify possibilities for automated 
analysis.Identify how timely impact 
assessments can be facilitated. 

The scope of the FLASH. The scope of 
the FLASH is a framework for an 
engineering environment encompassing 
four areas 
• Strategic Planning; 
• Capability Development; 
• In-service capabilities; 
• Major projects within any phase in 

their lifecycle. 

BUILDING THE FLASH 

The activities in Capability Development 
were analysed using the CATWOE 
(Checkland 1993) approach. Relevant 
documentation was obtained and re-
viewed, and cognizant personnel were in-
terviewed. The result of the analysis was 
documented in the OCH. Other pertinent 
information was recorded as appropriate in 
UML style diagrams. 

The initial structure of the FLASH was 
based upon the IEEE P1362 template for 
an OCD to provide some degree of famili-
arity and compatibility with existing 
methodologies. However, it was found 
that the one-dimensional sequential layout 
of the OCD did not transfer well to a mul-
timedia non-sequential presentation for-
mat. In particular, the separation of current 
practices from future scenarios by the de-
scription of the proposed system created a 
gap preventing direct comparison of the 
“as-is” with the desired “to-be” descrip-
tions of the Capability Development situa-
tion. 

The Mark 1 PowerPoint-based FLASH. 
The concept of multiple screens of pages 
of information viewed in parallel was met 
in the Mark 1 implementation by a series 
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of up to five PowerPoint presentations 
displayed on up to five computers and 
viewed simultaneously. The PowerPoint 
presentations were scripted to present the 
operations concept. Each PowerPoint slide 
could contain text (dot points), sounds, 
graphics, and moving pictures. This was 
standard PowerPoint technology and the 
set of linked OCH presentations was easy 
to construct by ensuring that each presen-
tation contained the same number of slides 
and the slide numbers corresponded to 
each other in each presentation. Each set 
was dedicated to a part of the modelled 
process. While effective in conveying the 
desired information, the presentations 
were essentially individual with no direct 
association. Difficulty was found in the 
synchronization of the presentations. The 
difficulty was in linking the five presenta-
tions so that motion of one mouse was 
repeated on each presentation. This was a 
desired capability to enable a single person 
to control all presentations. The problem 
was initially solved by the use of a set of 
radio-controlled mice on a single fre-
quency, which allowed all of the com-
puters to receive and react to a signal from 
a single transmitting mouse. While the 
hardware solution worked, it required non-
standard hardware and as such was con-
sidered less than optimal since there was a 
need to make the OCH portable. As a 
consequence, while the OCH concept had 
been demonstrated, a software solution 
was deemed necessary for a practical tool. 

The Mark 2 Web-based FLASH. The 
software approach for synchronized dis-
plays was based on the use of Web en-
abled technology in a client-server rela-
tionship. The server was equipped with a 
controlling script and sets of pages for 
display. When queried by the control cli-
ent, the server returned the appropriate 
page for display. The server kept track of 
the page being displayed at each client. 
This allowed customisable transitions in 
the presentation to accommodate the audi-
ence with all the flexibility provided by 
web technology. The use of standard web 
pages allowed the construction of the 
pages using simple HTML editors and a 
skeleton script was written for the server 

and then customised to each page of the 
presentation. 

The web pages are also linked allow-
ing construction of demonstrators that may 
pass information from one view to an-
other. This was unachievable using 
PowerPoint and provides the web-based 
solution with a ‘playability’ advantage. 
The drawback at this time is all page tran-
sitions need to be manually linked. This 
means that complex presentations are 
more difficult to construct than simple 
presentations. However, there is no intrin-
sic reason why the next iteration of the 
OCH should not contain features that fa-
cilitate the construction of links. 

The FLASH OCH. The FLASH OCH is 
in an early stage of its evolution. At this 
time, it contains 
• Examples of the USN approach to 

BFSE for reference and comparison 
purposes.  

• A representation of the current ADF 
capability planning process. 

• Examples of a proposed future ADF 
capability planning process within a 
future, yet to be developed, AIDE. 

Early Results. The OCH approach to 
solving the problem of presenting a rela-
tively simple demonstration of the capabil-
ity of FLSE has shown itself to be both 
practical and useful. The ability to exam-
ine a system in a non-sequential manner 
via the built-in hyperlinks within the tool 
has provided the capability to view the 
contents of the FLASH from various per-
spectives. The discussions around the mul-
timedia contents of the frames have facili-
tated the needs elicitation process by 
showing the effects of various approaches 
and have lead to the identification of miss-
ing needs. 

Research into integrated project data-
bases, the OCH, and the FLASH imple-
mentation continues. 

SUMMARY 

This paper has described the OCH, the 
first of a proposed new generation of 
CESE tools based on an integrated project 
database architecture. The OCH has the 
potential to minimize the cost and 
schedule overruns currently experienced in 
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systems and software development by 
bypassing the problems inherent in poor 
requirements engineering.  

CONCLUSION 

The OCH has the potential to improve the 
way Systems of Systems are managed. 
The prototype has shown that in the 
concept definition stage, the requirements 
eliciation and identifaction process is 
enhanced by the multimedia technology 
embodied in the OCH. 
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