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Abstract: This paper presents generic guidelines for constructing customised workflows exploiting game engine 
technologies aimed at allowing scientists to navigate and interact with their own virtual environments. We 
have deployed Unity which is a cross-platform game engine freely available for educational and research 
purposes. Our guidelines are applicable to both onshore and offshore areas (either separately or even merged 
together) reconstructed from a variety of input datasets such as digital terrains, bathymetric and structure from 
motion models, and starting from either freely available sources or ad-hoc produced datasets. The deployed 
datasets are characterised by a wide range of resolutions, ranging from a couple of hundreds of meters down 
to single centimetres. We outline realisations of workflows creating virtual scenes starting not only from 
digital elevation models, but also real 3D models as derived from structure from motion techniques e.g. in the 
form of OBJ or COLLADA. Our guidelines can be knowledge transferred to other scientific domains to 
support virtual reality exploration, e.g. 3D models in archaeology or digital elevation models in astroplanetary 
sciences. 
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Scientific visualisation can be an important aid for 
effective analysis and communication of complex 
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information that may be otherwise difficult to convey 
(Vitello et al., 2018, Dykes et al 2018). Visualisation 
is often a fundamental part of the research process, 
used for understanding, interpreting and exploring, 
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and it can be helpful in guiding the direction of 
research, from fine-tuning individual parameters to 
posing entirely new research questions (Mitasova et 
al., 2012; Sciacca et al., 2015). Furthermore, Virtual 
reality (VR) can provide scientists with novel 
navigation mechanisms for exploring outcrops in a 
fully immersive way, offering the possibility to also 
interact and collect measurements thus replicating 
real world field activities (Fig. 1). The increasingly 
lower costs of new VR devices make it possible to 
easily access immersive VR environments in a variety 
of contexts e.g. for outreach, research, training, 
education and dissemination purposes (e.g. Nayyar et 
al., 2018; Freina and Ott, 2015; Oprean et al., 2018). 
Recently Gerloni et al. (2018) presented a VR 
platform enabling the survey of geological 
environments and assessment of related geo-hazards, 
targeting a widespread audience, ranging from early 
career scientists and civil planning organisations to 
academics (e.g. students and teachers) and the society 
at large for public outreach. The underlying idea is to 
provide users with a holistic view of particular 
geohazards by allowing exploration of specific 
features from several points of view and at different 
scales, to provide rich user experiences by realising 
exploration scenarios that may not even be possible 
to perform in the actual field in a real-world scenario. 
Such VR platforms can be valuable tools in earth-
related sciences for developing skills in spatial 
awareness thus aiding users to comprehend complex 
geological features more easily. This paper reports 
our experiences in creating virtual scenes from 
different sources for reconstructing onshore and 
offshore 3D environments. 

Due to the rapidly evolving technological 
advances there is currently an explosion in both the 
amount and complexity of scientific datasets 
manifested by several global Digital Elevation 
Models (DEMs)/Digital Terrain Models (DTMs) that 
are freely available (e.g. http://srtm.csi.cgiar.org/) but 
also high-quality DTMs/DEMs/Digital Surface 
Models (DSMs) coming from airborne acquisition 
such as LIDAR (e.g. Liu, 2008) and Aerial Structure 
from Motion approaches (ASfM) (e.g. Westoby et al., 
2012; Turner et al., 2012). Freely available DTMs 
usually cover larger areas with a lower resolution 
whereas LIDAR and ASfM approaches are generally 
used to create smaller DTMs often characterised by 
higher resolutions and rich textures. Using dedicated 
Structure from Motion (SfM) software packages it is 
also possible to directly reconstruct VR environments 
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exploiting 3D model formats such as OBJa or 
COLLADAb. 

 
Figure 1: Exploration of Icelandic volcanoes through VR. 

Freely available offshore datasets are provided by 
the General Bathymetric Chart of the Oceans 
supporting pixel sizes of 250m (GEBCO - 
https://www.gebco.net/) as well as EMODnet-
Bathymetry providing harmonised DTMs 
(http://www.emodnet-bathymetry.eu/) for the 
European sea regions with a pixel size of 100m.  

To achieve fine scales (e.g. 1m) scientists 
normally perform dedicated surveys based on 
customised multibeam echosounders or even small 
ROVs (Remote Operated Vehicles, e.g. Savini et al., 
2014). 

In the following sections we introduce all 
necessary steps to produce VR-enabled scenarios 
exploiting modern game engines focusing on Unity, 
which is the backbone upon which we have 
developed two workflows for onshore and offshore 
scenarios..  
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Game engines provide sets of tools to build video 
games for consoles, mobile devices, and personal 
computers providing a rendering module for 2D or 
3D graphics, a physics engine or collision detection 
(and collision response), sound, scripting, animation, 
but also functionalities for artificial intelligence, 
networking, streaming, memory management, 
threading, localization support, scene graphs, and 
may also include video support for cinematics. A 
game engine provides mechanisms to control the 

b https://www.khronos.org/collada/ 
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course of the game and is responsible for the visual 
appearance of the game rules. Examples of game 
engines available for free are Unity 
(https://unity3d.com) from Unity Technologies, 
CryEngine (https://www.cryengine.com/) from the 
German development studio Crytek, and Unreal 
(https://www.unrealengine.com/) from Epic Games. 
A current overview and comparison of different game 
�H�Q�J�L�Q�H�V���F�D�Q���E�H���I�R�X�Q�G���H���J�����L�Q���2�¶�)�O�D�Q�D�J�D�Q�����������������D�Q�G��
Lawson (2016). In the context of this paper, for the 
creation of a virtual scenario applicable to Earth 
Sciences, Unity was selected. This game engine is 
best-suited for our development purposes considering 
its cross-platform integration allowing less 
development effort toward supporting different 
platforms such as desktops (Windows, MacOS, 
Linux), mobiles (Android, iOS) and webGL based 
applications. Unity supports full object orientation in 
C#, supporting modularity and extensibility to build 
scalable assets that are easily expanded and sustained 
long term. Furthermore, Unity supports several file 
formats as used in industry-leading 3D applications 
e.g. 3DS Max, or Blender. Finally, Unity is well 
documented as it is supported by large numbers of 
communities of software developers. 

3 WORKFLOWS MODELS  

This section describes the two workflows (Fig. 2) 
developed to generate the VR scenes from different 
sources regarding onshore and offshore 
environments. 

3.1 VR Scenes from DTM  

Onshore and offshore data in DTM/DEM/DSM 
format can be imported in the game engine using 
�8�Q�L�W�\�¶�V�� �W�H�U�U�D�L�Q�� �V�\�V�W�H�P�� �E�D�V�H�G�� �R�Q�� ����-bit grayscale 
heightmaps. To prepare the proper input files the 
following information is needed: i) an 
elevation/bathymetric grid for user-selected area (the 
elevation/depth value z is reported in meters); ii)  a 
raster/image file representing the texture for the 
selected area. These datasets must be georeferenced 
in metric units. The steps required to merge and 
process the datasets are detailed below. 

STEP 1. Harmonisation: the texture and elevation 
grid have to match the same pixel size. If necessary, 
both must be resampled up to the best pixel size value. 
This is a critical and mandatory step in order to 
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manage assets so that they can be imported into 
Unity. 

STEP 2. Reshaping: the elevation grid and the 
texture must have the same extent. Furthermore, the 
shape of the target area must be a square as it will 
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