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ABSTRACT
This article examines how a two-phase approach was used to design and validate the optimised manning concept for a new
fleet of Littoral Mission Vessels. The two phases of cognitive task analysis as well as modelling and simulation are described
along with the insights reaped for the project. Finally, this article explores how the success of this approach has translated
to a new capability for DSTA, and how this capability can contribute to future projects of similar nature.
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INTRODUCTION
When the Republic of Singapore Navy (RSN) embarked on the
acquisition of a new fleet of Littoral Mission Vessels (LMV) to
replace its Patrol Vessels (PV), one of the key design challenges
for DSTA was to reduce the crew size required to man the
vessel while having to increase the vessel’s overall capabilities
and missions. The need to reduce crew size had raised
concerns in workload as sufficient crew must be maintained
to ensure operators have the capacity to perform and react to
contingencies effectively.
The Integrated Command Centre (ICC) was hence
conceptualised in order to achieve optimised manning. The
ICC would co-locate the main operating centres of the vessel,
which include the Bridge, the Combat Information Centre and
the Machinery Control Room. This would centralise the crew at
the ICC to streamline work processes and better facilitate subteam activities and interactions.

A conventional approach to test the new ICC would be to use
standalone commercial-off-the-shelf (COTS) 3D modelling
software to visualise the system set-up and optimise console
positioning. However, there were two limitations to this
approach. First, the effectiveness of the ICC design could
not be verified until the vessel and onboard systems had
been acquired and integrated. Second, realistic onboard
scenarios and man-in-the-loop (MITL) experiments could not
be conducted effectively.
With foresight that MITL experiments were needed to evaluate
the ICC design in the context of future operations, a twophase validation process was developed to overcome the
limitations of the conventional approach. First, a Cognitive
Task Analysis (CTA) study was conducted. CTA is a technique
used to determine knowledge, thought processes and goal
structures that underlie observable task performances. It can
be used to model information needs and flow between various
system components, operators and mission requirements.
A Simulation-based Experiment (SBE) was conducted
subsequently. This new process involving CTA and SBE allowed
the involvement of key stakeholders in the design, analysis and
definition process, where they could interactively derive the
most effective design for implementation (see Figure 1).
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Figure 1. Two-phase validation process

Working jointly with the RSN, DSTA conducted CTA to
analyse the roles, responsibilities, and team interactions of
the operators in the ICC, so as to further refine its proposed
manning concept, design and mission systems. The team then
developed the Analytical Laboratory, leveraging modelling and
simulation (M&S) technologies, Combat Management System
prototypes and emulated systems. The laboratory provided an
ICC set-up to conduct MITL SBEs for the validation of proposed
designs, whereby realistic real-time scenarios were simulated
for operators to have a close-to-reality experimentation of the
proposed workflow and interactions.

of existing systems and processes. Furthermore, most of the
interview questions were structured around specific scenarios
or the recalling of recent real-life incidents, which meant the
interview data was more relevant, focused and grounded in
reality.

COGNITIVE TASK ANALYSIS

As some of the roles on board the LMV differed markedly from
the original roles on board the PV, the CTA findings led to the
redefining of operating procedures, workflow processes and
team interactions so that they would be more appropriate for
the new ICC. The analysis of roles and responsibilities was also
used to derive key performance measures for individual roles
and sub-teams that could be used to evaluate crew performance
during subsequent SBEs. The design recommendations were
then incorporated into the SBE scenario for the purpose of
validation and verification.

CTA was carried out to understand the roles, responsibilities
and team interactions of the ICC crew during typical missions
that the LMV was designed to handle. Information was
collected mainly through observations on board the current
PVs in service and extensive interviews with subject matter
experts (SME) from the RSN who had significant experience in
sailing on the PVs.
The interviews allowed the project team to extract key insights
from the collective experiences of the SMEs. This shed light
on how information typically flows within the ICC crew, the
pain points faced by individual operators and the associated
workarounds, as well as the decision-making process at
critical points in the missions. These inputs for the design
process would not have been obtained from standard reviews

Findings from the user research methods mentioned above
were then analysed and used to refine the original proposed
manning concept, both in terms of the number of personnel
required and how the different roles could be arranged optimally
within the ICC.

Additionally, the CTA process helped to highlight areas in
which personnel faced significant cognitive challenges and
high workload levels. Solutions were then recommended in the
areas of information architecture, system integration, as well
as automation and decision support systems to assist these
personnel.
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SIMULATION-BASED EXPERIMENT
The simulation environment set-up was a key aspect in
conducting the SBE for the validation of the ICC concept.
RSN personnel were brought into the simulation environment
to conduct MITL experiments. SMEs from the RSN were also
present during the experiments to assess the crew’s efficiency
and effectiveness based on key performance measures
derived during the CTA. In addition, system data and voice
communication were captured for post-experiment analysis to
review if the objectives of the missions were met.
The following section describes some of the main challenges
faced during the design of the simulation environment and how
they were addressed:

Reconfigurable Simulation Set-up
In view of the numerous consoles required to create a
mock-up of the ICC, and that several ICC layout variants
would potentially be required during the SBE, it would be
advantageous to minimise reconfiguration effort. The team
hence adopted virtualisation and zero-client technologies,
enabling the simulation laboratory to be configured quickly
with minimal movement of workstations and rewiring. Creation
of virtual machines for new consoles or changing network
connectivity only required adjustments in the software at the
virtualisation servers. The use of virtualisation, which allows
multiple virtual machines to be installed on each physical
server, was especially apt in this case. As most of the consoles
in the ICC mock-up were not processor-intensive applications,
more virtual machines could be installed on each physical
server to fully utilise the processing capability of the server. This
in turn reduced the workstation footprint that would otherwise
be incurred if the traditional approach of physical workstations
was used.

Meeting Scenario Requirements
“On Demand”
In engaging the users, the team refined the scenarios constantly
to ensure that they would be comprehensive enough for the SBE.
Faced with a tight project timeline, the team decided to build
upon DSTA’s in-house simulation engine and model repository
to create the simulation environment. This also allowed the
simulation components to be customised to user requirements
more easily and responsively. Reusing existing components and
models helped reduce the scenario development time as well.
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Furthermore, as the simulation engine was designed to run on
multiple computers networked together, it was easy to increase
computational power by adding more computers, especially in
a virtualised environment, thus allowing it to simulate the huge
number of littoral vessel traffic that was potentially required.

Emulating Future Systems
As most of the systems on the eventual LMV had not been
developed yet, there was limited information available to
understand how the actual systems would behave and interact.
However, in order for the SBE to be conducted fruitfully,
emulators for the systems which incorporate essential mission
functionalities had to be developed.
To overcome this challenge, the team worked closely with
the RSN to review similar systems on other existing naval
platforms. With the information gathered, the team could then
envisage the behaviour of the systems that would be on board
the LMV and in turn develop the emulators. Finally, the end
users were asked to validate the emulators in the capacity of
their new roles on the LMV, providing feedback to fine-tune the
emulators. This was an iterative process which called for deep
involvement and cooperation from the users.
Eventually, some of the console emulators that were developed
only incorporated mission essential functions – dummy
buttons, which performed no functions upon clicking, were
added to create a realistic look and feel. Some emulators for
maritime navigation were acquired off the shelf, such as the
Electronic Chart Display Information System (ECDIS), of which
the message interface was developed in-house.

Immersive 360° Out-the-Window View
To provide operators with a realistic and immersive experience,
the simulation environment provided a 360° Out-the-Window
(OTW) view from the ICC. The 360° OTW view in the mockup ICC comprised 12 55-inch LED screens – 10 screens
formed a total of 220° view in front and two screens provided
the remaining 140° view at the back (see Figure 2). More
screens were used to create the front view of the LMV because
operators are required to pay more attention to what is in front
of them. Using multiple screens to compose a view frustum
also allowed easier reconfigurability of OTW views compared
to using projectors. For example, one of the screens could
be removed to simulate the OTW view of another supporting
platform involved in the SBE.
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A physical workstation was used to generate two full high
definition OTW channels, making a total of six workstations
used to generate the 360° view. The use of virtual machines
was not feasible at that point in time due to the limited graphics
processing unit virtualisation technology available then.

elevation data, shapefiles and satellite imagery). Although
specific landmarks, buildings or features such as sea buoys
needed to be specified manually, this approach had reduced
the terrain preparation time to generate the area of operations
required for the SBE significantly.

Figure 2. Illustration of a set-up with OTW view

Figure 3. Illustration of the mock-up ICC with instructors’ operating stations

The team also leveraged COTS image generation (IG) software
to construct the 3D visual scene for the OTW view. The
software allowed existing 3D models in M&S repositories
and existing Common Image Generator Interface – an open
simulation protocol for communication between a host device
and IG software – to be reused. More importantly, the software
allowed rapid terrain generation based on existing raw
Geographic Information System (GIS) data (e.g. digital terrain

Instructor Operator Station / Simulation
Control
Instructors’ operating stations were set up in another partition
in the laboratory to control scenarios and provide scenario
injects. The instructors could observe the operators either
through the one-way mirror or through the Internet Protocol
(IP) cameras installed in the mock-up ICC area (see Figure 3).
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In addition, communication between the operators could be
picked up by the instructors and recorded for subsequent
After-Action-Review if necessary. The instructors could inject
relevant developments and updates based on how the scenario
was unfolding and observe the reactions of the operators.

Computer Generated Forces
Computer Generated Forces (CGF) are autonomous simulated
forces to create a realistic simulation environment. Examples
for CGFs developed for the experiment includes littoral vessel
traffic, potential littoral threats, vessel crew behaviour, and the
motion and dynamics of the LMV. The motion and dynamics
were first modelled generically and subsequently refined
through feedback from the SMEs.

SBE Execution
The RSN crew was put into a realistic simulated environment
to execute various missions. IP-based voice communication
software was used for communication between mission
operators as well as with external agencies via simulation
control.
With the physical mock-up of the vessel’s ICC, the crew could
try out the proposed manning with the new workflows to
ascertain if it was still able to perform all required tasks (see
Figure 4). The set-up was modelled to be as realistic as possible
in order to assess the workload of the operators accurately. For
example, a virtual binoculars view was provided for operators

to simulate the use of an actual binoculars when performing
close-up investigation during the experiments. The laboratory
also provided a platform where the users could operate the
system before it was even built. New technological features
that the RSN had envisioned for the LMV were simulated so
that their impact on the crew could be evaluated. Some of
the features which proved useful were included in the actual
tender for the LMV as the RSN had validated their effectiveness
through the SBEs.

CONCLUSION
The CTA-SBE approach provided an efficient way to perform a
thorough study and validation of the optimised manning concept
for the LMV. The findings and technical recommendations from
the study were incorporated into the design of the actual vessel
and the systems on board. Thus, the RSN was able to reduce
manning on the LMV while achieving an increase in overall
capabilities and missions.
Through this study, DSTA has strengthened its capability in
setting up an immersive environment to assist project teams
in conducting engineering studies and developing operations
concepts early in the acquisition cycle. Findings from such
studies that can validate a system’s design before it is built will
also influence the design of actual systems, thereby helping to
avoid major reworking further down the system development
cycle. This has led to a major paradigm shift in the design
approach as the team progressed from drawing lessons learnt
from legacy systems to learning from future systems.

Figure 4. The RSN crew going through an SBE
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Moreover, this new design approach creates a common
environment for operational needs to be translated to technical
implementations, generating greater understanding between
users and technologists. Furthermore, new technology can
be demonstrated to users for ease of understanding, unlike
the traditional means of communicating requirements or
technology which could lead to different interpretations. Thus,
evaluating new configurations and systems for future naval
platforms has become more productive, efficient and effective.

KOH Eng Tat Desmond is a Development
Lead (C4I Development) who is currently
working on a simulation-based development
as part of a command and control trainer
project.

He

in

development

the

was

experimentation

previously
of

project

involved

another

navy

involving

crew

workload optimisation. Desmond graduated
with a Bachelor of Computing (Computer Science) degree with
First Class Honours from the National University of Singapore in

ACKNOWLEDGEMENTS

2011, and was awarded the Information Technology Management

The authors would like to express their appreciation to SMEs
from the RSN and their colleagues from DSTA’s Naval Systems
Programme Centre for sharing their invaluable knowledge and
experience. The authors would also like to thank Mr Ang Boon
Hwa for his guidance and valuable inputs in the preparation of
this article.

four-year Bachelor of Computing programme.

Association Medal for being the top Singaporean student in the

HUANG Yiwen is a Development Manager
(C4I

Development)

responsible

for

developing Combat Management Systems
for the Republic of Singapore Navy. She is
currently leading the development of the
Combat Management System for the Littoral

BIOGRAPHY

Mission Vessel, and is part of the team that
ONG Beng Shen Aaron is a Senior Engineer
(C4I

Development)

managing

a

user

experience design team. Together with his
team, Aaron plans and leads user experience

won the Defence Technology Prize Team
(Engineering) Award in 2016. Yiwen graduated with a Bachelor of
Engineering (Computer Engineering) degree with Honours from
Nanyang Technological University in 2006.

activities for projects across DSTA to deliver
useful, usable and desirable systems. Aaron
graduated with a Bachelor of Science
(Electrical

and

Computer

Engineering)

degree with Honours as well as a Master of Science (Electrical and
Computer Engineering) degree from Carnegie Mellon University,
USA, in 2008 and 2009, respectively.
CHAN

Chong

Weng

Jerald

is

a

Development Manager (C4I Development)
working on training simulation software for
the Republic of Singapore Air Force. He led
the development of the Analytical Laboratory
that was used to validate the design of the
Integrated Command Centre of the Littoral
Mission Vessel. Jerald graduated with a
Bachelor of Science in Engineering (Computer Engineering) degree
from the University of Michigan, USA, in 2008. He further obtained
a Master of Science (Engineering Management) degree from the
University of Southern California, USA, in 2009.

DSTA HORIZONS | 2017

9

