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ABSTRACT 

Virtual Reality (VR) tools provide an immersive environment where users interact with realistic 

object representations. In the maritime industry, VR serves as a platform for developing crew training 

and survey planning applications, among others. These applications facilitate quicker deployment of 

seafarers by reducing the need for physical onboard presence to learn ship layouts and emergency 

routes. They also enhance inspection capabilities for monitoring structural deficiencies and offer val-

uable input for retrofitting purposes. This is particularly crucial in vessels with complex designs, such 

as passenger ships. A cost-effective implementation method involves capturing panoramic (360°) im-

ages or videos that VR applications can utilize. A practical application of the developed framework 

for inspection planning and training is demonstrated through a case study within the EU/UK funded 

Green Marine project. This project aids both technical and non-technical personnel in familiarizing 

themselves with a ship's layout, specifically one used to install and test a carbon capture system. 
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1 INTRODUCTION  

The adoption of Virtual Reality (VR) technology has revolutionised numerous industries by trans-

forming what would otherwise be a standardised procedure into an immersive experience. In the mar-

itime sector, VR's utility is increasingly being recognised for its potential benefits in training, safety 

procedures, ship design, and maintenance operations, as it does not necessitate physical presence on 

vessels or in hazardous environments. By simulating real-world conditions in a controlled virtual 

space, VR provides an interactive platform that enhances understanding, improves decision-making 

skills, and reduces the risk of errors. 

VR can be applied across various sectors of the maritime industry to address visualisation-related 

needs. For instance, training programs for crew members can leverage VR to virtually recreate the 

layout of a vessel, thus enhancing their familiarity with the vessel without the need of physical pres-

ence onboard. The existence of a virtual copy of the ship also allows for the simulation of scenarios 

such as emergency evacuations, firefighting, or even regular maintenance procedures. Furthermore, 

VR can also be applied in the design of new vessels by providing enhances spatial awareness on how 

the system-to-be-installed would affect the available space onboard, reducing the risk of topological 

misfits that could adversely affect the accessibility of certain spaces. Additionally, VR's role extends 

into maintenance operations where it can assist land-based personnel in planning inspections and re-

pairs by providing a virtual model of the vessel’s structure. This allows for pre-emptive action planning 

to minimise time spent onboard during time-constrained operations (e.g. a drydock), thus improving 

the overall operational efficiency. 

In this current work an application leveraging VR technology has been developed that allows users 

to explore the layout of a passenger vessel remotely. It was initially developed to enable technical and 

non-technical personnel as part of the EU/UK funded Green Marine research project, whose aim is to 

install and test an onboard integrated carbon capture system on a roll on-roll off ferry vessel. Among 



 Hellenic Institute of Marine Technology 

© 2025: Annual Conference of Marine Technology 

 2 

other applications, the developed VR app would support the familiarisation of technical staff and re-

searchers with the vessel’s layout in order to gain a better understating of the available space and 

challenges in retrofitting scenarios of carbon emission reduction technologies onboard ships. In addi-

tion, this can also be utilised by land-based technical personnel to virtually navigate through various 

internal compartments of the ship, including the engine room and stabiliser fin room, as well as outer 

spaces that are normally inaccessible for close up inspection unless in drydock, such as the exterior of 

the hull below the waterline, the sea chests, propellers, etc.  

2 LITERATURE REVIEW  

Early implementations of VR applications relied on purpose-built projection systems capable of 

projecting an image across a surface wide enough to cover most of a human’s field of view. Those 

configurations required large and expensive equipment to function, making them inaccessible to most. 

The first VR implementation that closely represented today’s established technologies was developed 

at NASA for the study of telerobotics and warning/advisory systems (Fisher et al. 1988). At the time, 

however, computers powerful enough to handle VR workloads were widely unavailable. It would take 

significant advances in computing before researchers in other fields would be able to work with and 

develop such applications. To the extent of the authors’ knowledge, the first application of VR in 

maritime was created approximately a decade later, where a virtual representation of a ship’s bridge 

was constructed to evaluate whether VR technology could reduce cadet training costs (Quinn and 

McGuire 1996). In the same year (Werkhoven 1996) presented and application where a virtual repre-

sentation of a ship’s bridge was ported from a CAD application into VR to test different bridge layouts 

for a frigate of the Royal Netherlands Navy. Subsequent studies expanded the scope of VR apps be-

yond the bridge of the vessel. In both (Tate et al. 1997) and (Kaneko et al. 1999), a complete virtual 

replica of a ship was created. In the former study, this was done to simulate firefighting scenarios, 

whereas in the latter to examine human decision making during an emergency evacuation. 

As the computational power of personal computers grew, it became possible to render a virtual 

representation of a static 3D space and, at the same time, moving objects whose behaviour is deter-

mined based on the laws of physics. Among the first such applications were crane operation simulators 

(Daqaq and Nayfeh 2004, Nayfeh et al. 2005) and ship damage control simulators (Varela and Soares 

2007). The former were created in order to provide an initial training environment for crane operators 

and incorporated equations for ship and cargo motion, in order to accurately recreate a situation where 

the crane operator would have to (un)load a ship during adverse weather. These programs offered both 

a “bird’s-eye” view of the vessel/crane system and also a view from inside the operator’s cabin, where 

only a limited part of the environment is visible at a time, similarly to real-life conditions. The latter 

catered mostly to crew training, by providing a model which accurately responded to water ingress, 

complete with simulated anti-flooding equipment commonly found onboard vessels. Hand tracking 

was not implemented, however, which limited the application in terms of interactivity; the equipment 

could only be controlled through a custom user interface that was present on the computer screen. The 

accurate simulation of physics also allowed for detailed studies on the accessibility of vessels. On that 

regard, a VR application to test the accessibility of vessels was created by (Yamada and Muto 2004), 

which also simulated the effects of ship motion on the wheelchairs. 

A common disadvantage of early applications, however, was that each one relied on custom imple-

mentations of 3D graphics engines. Those were mostly software developed in-house, built on top of 

existing frameworks like OpenGL and written in low-level languages such as C++, making them in-

accessible to engineers without a programming background. In recent years, the creation of computer 

games, which require setting up complex 3D scenes, with often demanding textures and physics, led 

to the development of game engines: software created specifically for this purpose. As VR is increas-

ingly used in computer games as well, game engines can offer a robust development framework for 

applications catering to the maritime industry. Various studies leveraging this technology have already 
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been made, spanning thematic areas from early ship design (Cassar et al. 2019) to immersive emer-

gency procedure simulations (Chae et al. 2021, Montecchiari et al. 2022), autonomous vessels (Yang 

et al. 2019) and even digital replication of historically important vessels (Liaskos et al. 2022). 

3 METHODOLOGY  

The capabilities of the developed application were determined by its intended use case as a tool for 

researchers working in the Green Marine project (Green Marine Project 2025a) to increase their un-

derstanding of the layout of the Caledonian MacBrayne (CalMac) vessel where novel carbon capture 

equipment is planned to be installed. 

3.1 TEXTURES 

Prior to the initiation of development, adequate image and video captures of the vessel’s interior 

and exterior spaces that would be included in the application had to be taken to be used as textures 

inside the application. This could have been done with a single camera but would require composing 

panoramic images via image stitching software, which is a tedious task. Instead, a 360° panoramic 

camera was utilised, which simultaneously captures two images from opposing wide-angle lenses 

(approx. 190° field-of-view each) and stitches them together internally to produce a single image. 

These images were saved as rectangular Joint Photographic Experts Group (JPEG) files with an 

aspect ratio of 2:1, which caused significant distortions – similar to those observed when maps of the 

Earth have to be printed on paper. An example of the distortions can be seen in Figure 1. Naturally, 

distortions of the viewport would not be acceptable for a VR application, as they would undermine 

the primary goal of the application. To revert to the undistorted stage, UV mapping techniques were 

used to map spherical coordinates to individual pixels. A visualisation of the effect of UV mapping on 

a sphere is given in Figure 3. A simplified method of UV mapping is given in the following equations, 

where 𝜌⃗ is a vector on a sphere and 𝑥, 𝑦 are coordinates on a plane. For a plane with dimensions 𝑋 

and 𝑌 and a sphere whose poles align with the 𝑌 axis: 

 
𝑥 = (0.5 +

arctan(𝜌⃗ ⋅ 𝑧̂,  𝜌⃗ ⋅ 𝑥̂)

2𝜋
) 𝑋 

𝑦 = (0.5 +
arcsin(𝜌⃗ ⋅ 𝑦̂)

𝜋
) 𝑌 

(1) 

 

Figure 1: Example of discreet UV mapping from a square to a circle. 
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Figure 2: Flow chart indicating necessary steps for the implementation of the Virtual Reality 

application  
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In equation (1) 𝑥̂, 𝑦̂, 𝑧̂ are the normals of the respective axes and (⋅) is the inner product operator. It 

should be noted that for this approach to work, the normal vectors of the sphere onto which the textures 

are UV mapped need to be facing towards its centre. This is not the case for most spheres generated 

in 3D modelling software. Failure to ensure correct normal vector direction would result in the texture 

being displayed on the outer surface of the sphere and not the inner, which is the goal in this case. 

3.2 CHANGING DISPLAYED IMAGE 

As this approach does not allow for the user to freely roam the scene, a method of intuitively picking 

the currently displayed image would have to be implemented. For this purpose, two approaches were 

chosen. The first was to place “waypoints” on the scene corresponding to locations where images were 

taken, which would change the currently displayed image to the one taken at the same location when 

clicked. However, in confined spaces such as the engine room this approach resulted in high waypoint 

density which could become disorienting. Therefore, the second approach was to also allow for the 

user to hide all such waypoints and cyclically switch between all images using controller buttons. 

Another option would be to reduce the number of waypoints used and allow for a certain number of 

ones that can accommodate the user-friendly orientation within the ship spaces selected. 

3.3 LOCATION TRACKER 

To further assist users to locate their whereabouts onboard, a location tracker was also implemented. 

This tracker constantly displays the general arrangement plan of the vessel, along with an indicator on 

the current position of the user. The indicator also incorporates a cone of vision which matches what 

the user can see from the VR headset and can be seen in action in Figure 4. 

4 RESULTS 

Following the methodology described above, an implementation of the application was developed 

using the Godot game engine (Juan Linietsk et al. 2025). The application makes use of the OpenXR 

standard implementation present within Godot, which facilitates interfacing with extended reality 

hardware and can thus be used with any kind of VR headset. Testing and demonstrations were per-

formed using the Oculus Rift S headset. The external GPU used was an Nvidia RTX 2060. At the 

Figure 3: Sample picture showcasing distortions arising from UV unwrapping. 
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moment of writing, it can only be executed on computers with the Windows operating system but can 

also be compiled to target Android devices (i.e. untethered VR headsets). Hardware requirements for 

both development and execution of such a simple application are minimal. As a GPU video outlet port 

is necessary to operate the VR headset, an external GPU was used which connects to any laptop with 

a Thunderbolt 3 port. 

The finished product of the VR app was demonstrated to about 40 employees at the head offices of 

CalMac (Green Marine Project 2025b), including technical personnel and was also used for educa-

tional purposes at the University of Strathclyde in Glasgow (Figure 5), to demonstrate the sheer size 

of the equipment commonly found onboard vessels. The ship spaces showcased include the engine 

room, the stabiliser room and the vessel’s external hull including rudder and propellers while being in 

drydock. Specifically, in the engine room the main engine (Figure 6), some potential locations of 

onboard carbon capture system installation (Figure 7), and the air compressor and storage bottle used 

for engine start (Figure 8) were shown. In the stabiliser room, the fin control mechanism was demon-

strated (Figure 9), along with the ship’s ramp hydraulics (Figure 10). Among the features that could 

be observed in the drydock view, focus was given on the ship’s propellers (Figure 11), keel blocks 

(Figure 12), sea chest inlets (Figure 13) and the extended stabiliser fins (Figure 14). 

 Other key features of the in-house developed VR app included its ease of use, low hardware re-

quirements and high portability (only a single laptop, VR goggles and an external GPU are needed). 

From feedback received from the technical and non-technical personnel attending the demonstration, 

it was concluded that the application successfully achieved its goal and was well-received. Specifi-

cally, its potential for use in personnel training was highlighted, along with the potential for further 

development and incorporation of new features. However, some inherent drawbacks of the technology 

utilised were also detected. Namely, how the application cannot provide spatial awareness effectively, 

due to 2D textures being used instead of a 3D representation of the vessel. This could be solved through 

volume rendering techniques such as Gaussian Splatting (Westover 1991), or 3D scanning of the area. 

It should be noted that the equipment required for the latter can get quite expensive. Furthermore, it 

was noted that users experiencing VR for the first time often expressed feelings of disorientation or 

dizziness. The impact of such side-effects is expected to decrease over time, as motion tracking of the 

VR headset becomes more accurate as technology advances. 

The application will also provide a useful platform for developing retrofitting scenarios, especially 

in experimental research projects where many researchers rely solely on General Arrangement plans 

and do not have the chance to board the vessel in-person. This is the case for some researchers working 

on the Green Marine Project, as this initiative is a joint effort involving partners from the UK, Norway, 

Netherlands and Cyprus. This project aims to install a novel carbon capture technology for testing 

onboard the vessel depicted in the developed application, which is based in Scotland. The VR 

Figure 4: Screenshot showcasing the location tracker. Current user location and FOV are visible. 
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representation of the vessel will enable researchers from other countries to more effectively visualise 

the spatial constraints present in the ship’s engine room and also evaluate the suitability of several 

proposed locations for installation of the carbon capture system. 

 

Figure 5: In-class demonstration at the University of Strathclyde. 

 

Figure 6: Screenshot from the developed application – Main Engine. 

 

Figure 7: Screenshot from the developed application – Overview of the Engine Room. 
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Figure 8: Screenshot from the developed application – Air bottle and compressor for ME start. 

 

Figure 9: Screenshot from the developed application – Stabiliser fin control mechanism. 

 

Figure 10: Screenshot from the developed application – Hydraulic pumps for the ship’s ramps. 
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Figure 11: Screenshot from the developed application – Propeller pod and keel blocks. 

 

Figure 12: Screenshot from the developed application – Keel blocks and lower sea chest inlet. 

 

Figure 13: Screenshot from the developed application – Overhead view under lower sea chest inlet. 
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Figure 14: Screenshot from the developed application – Stabiliser fin. 

5 CONCLUSIONS  

In this paper, a methodology for developing low-cost Virtual Reality applications was proposed. An 

implementation on the methodology for the development of a virtual ship exploration application uti-

lising the Godot Game Engine was demonstrated. This application was used for educational purposes 

at the University of Strathclyde and was presented at a large technical and non-technical audience at 

Caledonian MacBrayne, the operator of the digitised vessel. During this presentation, potential com-

mercial uses of the application were discussed, focusing primarily on its suitability as a familiarisation 

tool for personnel under training. Furthermore, its future role as a retrofit scenario evaluation tool from 

non-UK-based partners of the Green Marine Project was highlighted. Future research will focus on 

addressing the detected drawbacks and expanding the collection of digitised vessels. Specifically, the 

use of volume generation and 3D scanning tools will be evaluated, which will also allow for the in-

troduction of foreign elements into the virtual environment, as is necessary for the initial visualisation 

of changes after a retrofit. 
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