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Introduction and Background

Concept

The use of computer simulated systems is extensively used by the military, aerospace and maritime industries for operator training (Shaban, 2013), particularly in navigation and bridge systems (Faschot,
2016).

The project developed a virtual engine room for a ship, in which the ‘machinery’ is fed simulated engine room data from a remote server, including audio and vibration information taken from sensors
and microphones placed on a real vessel during a number of voyages.

Virtual Reality (VR) tools have now become low enough cost to be able to implement them in educational environments, offering the potential for large scale simulation without high expense, while their
potential for presentation of real-time data is already being explored (Resch et al, 2015).

It particularly explores the potential of sound and haptic feedback in order to improve the immersion
and realism of the simulation, and in particular examines whether this helps engineers to diagnose
system failures in the simulation.

Engineers on board ship use a wide variety of kinaesthetic feedback in addition to the system data. This
feedback includes sound, vibration, heat and smell, which are not commonly replicated effectively in
simulations (Kilteni et al, 2012), This leaves engineers in training reliant on only control data for problem
solving, which is not representative of the real world.

This offers dual potential as both a remote diagnostic tool for Maritime operations, and as a training
tool with which junior engineers can learn to use a broader range of senses to diagnose system failures, as well as allowing the creation of complex problem solving scenarios in as close to a ‘realworld’ environment as is possible.

Original Engine

Simulated Engine

Engine room layout

Conclusions & Future Work

Method
The approach taken was based on an action research cycle (Lewin, 1946), in which initial user requirements were assessed through a combination of
interviews with stakeholders and literature review, and this was reviewed at each iteration of the development cycle.
The virtual engine room was developed in Unreal Engine 4 software (Epic Games, 2017) for the HTC Vive™ VR headset, running on a PC. The system allows the user to view machinery data, isolate the sound of particular machinery components to listen to them more closely, feel the vibration
of machinery through a body worn vibration transducer. It also allows the user to scroll through a 10 hour time history of system performance, including audio, vibration and data for snapshots at hourly intervals.
Seven experienced Marine Engineers went through full user experience (UX) testing of the completed simulation, in which they were first familiarized
with the system, and then went through four simulated scenarios presented in a randomized order. Participants were asked to diagnose whether or
not there was a system failure, and what was the likely problem and cause.
Post UX test, the participants undertook a semi-structured interview using a series of open-ended questions to assess their perception of the system.
The interviews were transcribed and analysed using a Qualitative data analysis (QDA) process in QDA Miner software.

Results
Reponses were coded into 3 key Categories: Features
(discussion of specific features in the system), System Potential (what the system could be used for, and how it could
be used) & User Experience (usability of the system).
There were several strong themes which were identified
in the interviews and classified under the key categories
(figure 1). The overall response strongly focused on the
immersive features, with ’sound’ appearing in 22.8% of
coded phrases, ‘vibration’ in 8.7% and ‘immersion’ in 5.8%.
Within the features, ‘Sound’ was by far the strongest
theme (Figure 3):
“I found myself doing what I do in the engine room when I was listening to the pumps. I
was moving my head to look up so I wasn't concentrating on the machinery.” (P3)

User Interface

System testing

The system is considered effective, with 24% of UX
coded statements rating as ‘positive’ (Figure 4). There
were however some concerns about using the system
when unfamiliar with the interface and controls, and the
comfort of the system:
“I have to say when going straight into it from cold, it is a little difficult.” (P6)
“I was starting towards the end to feel quite uncomfortable, quite hot” (P7)

There were also some negative statements regarding
the fidelity of the system data, and suggesting improvements.
“Looking at the compressors, they are both dead – one of them has been working, so should retain some heat.” (P2)

Users identified the system as ideal for problem solving.
& particularly liked the integration of the sound and vibration with data:
“The game changes were the ability to diagnose something.” (P2)
“I think if the pressures and temperatures were adjusted correctly, and then connected to various other temperatures, you will understand what each section of
the engine does and how they complement each other. (P2)
“The ability to start piecing changes in data together again by flipping between
piece of machinery which are interconnected.“ (P3)

The next stage for the project is to start to use the system for training sessions with junior engineers, and
gather feedback from both the students and lecturers.

Demo

“Even though you see the data...you are more convinced that something has gone wrong
through sound rather than the data.” (P1)

The introduction of Vibration was also a key theme:
“the senses that you have put into it - the vibration and the sound, helped me start to
identify that there was something wrong.” (P7)
“I couldn't hear the sound of the engine differ, but I could feel the vibration.” (P1)

Scan the QR code for a video
demo of the system being
used

A further common theme was fault diagnosis, and the importance of sound to fault diagnosis.
“The sound is quite important. It leads you to the fact – if you're looking at pressures
and the pressures are fine and the temperatures are fine, but the noise has changed, you
know that something is up, and that is the trigger to start finding down the right
route.” (P3)

This led to discussions relating to the potential for learning and training (figure 2).
“A new employee could come in and they would know what they are supposed to be looking for. If I was to join a new ship, it would come in handy to me.” (P1)
“You could have a simulated breakdown. You could have someone in VR in the machinery
spaces.”
All training works best with a blended solution. In my head..the best training is with physical equipment – but then I'm old school. If you can supplement that or bring stuff alongside it that is good.
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