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Abstract:

A virtual reality environment could be a 3D-Map. Diving into the 3D-Map together with a VR experience enhances
further possibilities in the communication process between map user and the map. The mapmaker could consider further
technical and visual possibilities. For example, the concept of visual variables could be extended. Furthermore, others,
new visual variables could come up. This contribution discusses, if we could consider “fog” as a visual variable, which
could be used in a 3D-environment. Furthermore, the contribution shows possible applications and implications of the
visualisation of the expression of this topic related variable in a thematic VR-Map.

Bertin initially introduced the concept of visual variables (Bertin, 1980). Later, further variables were introduced in the
scientific community like movement, duration, frequency, order, rate of change, and synchronisation (MacEachren,
2019). This was possible and necessary due to the evolution from analogue to digital techniques for map
production/interaction. Motion was added some years later (Carpendale, 2003). Perspective Hight was finally also
introduced into the concept of visual variables (Slocum ef al., 2022). A paper gives an literature review about the concept
of visual variables in MR usage (Hong, Mao and Li, 2018). Others shows further usage of visual variables especially in
VR (Li, Luo, Zhangsong and Mao, Bo, 2022).

The major goal of cartography was in the past recent times and is still in the future to realise an effective cartographic
communication. A correct consideration of the concept of virtual variables make sure the effectiveness of the process in
maps.

The original concept of visual variables, also the extensions, primarily aim at a "thing-like" visualization of non-
penetratable objects in 3D worlds that can only be visualized and viewed. In immersive VR environments, it would also
be possible to practically immerse oneself in the expression of the variable, i.e., to penetrate them, either to walk through
them virtually or to move through them by teleportation. The variable "Fog" could be used for this purpose. In literature
review possibly the visible expression of “fog” could be compared to the visual variable sketchiness (Boukhelifa et al.,
2012).

Figure 1a and Figure 1b. Less or dense fog is visible in a VR-Environment
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Here, a more or less dense fog is simulated in the game engine Unreal Engine 5 in the 3D world, the intensity, respectively
the density of the fog is in a quantitative relation to the characteristic value of a quantitative variable. Technically, a
particle filter system is used here, which generates the fog with different densities of the particles.

As an application, non-visible phenomena such as air pollutants or, for example, the signal strength of a mobile phone
provider could be represented. Also all other non-visible socio-economic phenomena like household income or
demographic information could be visualized in this way.

The study is on an early stage, and during the realisation, some other aspects could come up. The aim of this contribution
is, to show different applications of this visual variable, in particular how this variable can be operationalized and what
quantitative correspondence different fog densities can have. Experiments are also conducted with subjects to determine
a maximum number of classes for the fog density, so that a discriminability is still possible.

References

Bertin, J. (1980) ‘The basic test of the graph: A matrix theory of graph construction and cartography’, in P.A. Kolers,
M.E. Wrolstad, and H. Bouma (eds) Processing of Visible Language. Boston, MA: Springer US (Nato Conference Series),
pp- 585—604. Available at: https://doi.org/10.1007/978-1-4684-1068-6_43.

Boukhelifa, N. et al. (2012) ‘Evaluating Sketchiness as a Visual Variable for the Depiction of Qualitative Uncertainty’,
IEEE  Transactions on Visualization and Computer Graphics, 18(12), pp. 2769-2778. Available at:
https://doi.org/10.1109/TVCG.2012.220.

Carpendale, M.S.T. (2003) ‘Considering Visual Variables as a Basis for Information Visualisation’. Available at:
https://doi.org/10.11575/PRISM/30495.

Hong, S., Mao, B. and Li, B. (2018) ‘Preliminary Exploration of Three-Dimensional Visual Variables in Virtual Reality’,
in 2018 International Conference on Virtual Reality and Visualization (ICVRV). 2018 International Conference on
Virtual Reality and Visualization (ICVRV), pp. 28-34. Available at: https://doi.org/10.1109/ICVRV.2018.00013.

Li, B., Luo, Zhangsong and Mao, Bo (2022) ‘Non-photorealistic Visualization of 3D City Models using Visual Variables
in Virtual Reality Environments - ScienceDirect’. Available at:
https://www.sciencedirect.com/science/article/pii/S1877050922020506 (Accessed: 11 January 2023).

MacEachren, A.M. (2019) ‘(re)Considering Bertin in the age of big data and visual analytics’, Cartography and
Geographic Information Science, 46(2), pp. 101-118. Available at: https://doi.org/10.1080/15230406.2018.1507758.

Slocum, T.A. et al. (2022) Thematic Cartography and Geovisualization, Fourth Edition. CRC Press.

Abstracts of the International Cartographic Association, 6, 263, 2023.
31st International Cartographic Conference (ICC 2023), 13—-18 August 2023, Cape Town, South Africa.
https://doi.org/10.5194/ica-abs-6-263-2023 | © Author(s) 2023. CC BY 4.0 License.



	The usage of “fog” as a visual variable in 3D-cartographic virtual reality environments
	Abstract:
	References




