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Conceptualizing Planetary Scales

“Given the width of the canyons [in Valles Marineris on Mars], though, from the 
foot of one great wall you might well not see to the other; if you did, it would just be 
as a doubling of the horizon.” -Oliver Morton, Mapping Mars
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Objective:
Create navigable virtual reality environments of planetary 

data, specifically from Martian geospatial data, for 
human interaction and spatial contextualization.



VR for Planetary Geospatial Applications



HiRISE DEMs of Valles Marineris, Olympus Mons
Emphasizing extreme planetary scales

Experiment with human perception of features



HiRISE DEM of MSL Landing Site, Gale Crater



MSL NAVCAM Photogrammetry



Photogrammetry and/or Esri Drone2Map Workflow 
of Mars Descent Imager (MARDI) Video

“Vehicle horizontal offset between images within descent sequence may permit 
Digital Elevation Models (DEMs) to be created from descent images.” -NASA JPL



Proposed VR Technology
Rendering

Unity3D, Blender

 Destinations Workshop Tools, Reality Capture

Esri Drone2Map

Display

SteamVR

HTC Vive



Learning Outcomes
Retrieval of planetary science data from NASA’s Planetary Data System

Photogrammetric processing of rover camera images

3D Reconstruction from video using Esri software

C# programming language for spatial data analysis

3D geospatial data handling in multiple rendering technologies

Immersive and interactive potential of 3D visualization using HTC Vive equipment



References
Discovering Gale Crater: How we did it. (2015, October 26). Retrieved from http://graphics.latimes.com/mars-gale-crater-how-we-did-it/

Donalek, C., Djorgovski, S. G., Cioc, A., Wang, A., Zhang, J., Lawler, E., . . . Longo, G. (2014). Immersive and collaborative data visualization using virtual reality platforms. 2014 IEEE International Conference on 
Big Data (Big Data). doi:10.1109/bigdata.2014.7004282

Fisher, P. S., & Unwin, D. J. (2002). Virtual Reality in Geography. London: Taylor & Francis.

Gillings, M. (2002). Virtual archeologies and the hyper-real. In P. Fisher & D. Unwin (Eds.), Virtual reality in geography (pp. 17-34). New York, NY: Taylor & Francis.

Greeley, R., & Batson, R. M. (1990). Planetary mapping. Cambridge, England: Cambridge University Press.

Instruments - Mars Science Laboratory. (n.d.). Retrieved from http://mars.nasa.gov/msl/mission/instruments/

Interface & Essentials. (n.d.). Retrieved from https://unity3d.com/learn/tutorials/topics/interface-essentials

Jerald, J. (2016). The VR book: Human-centered design for Virtual Reality. New York: Morgan & Claypool.

Manning, R., & Simon, W. L. (n.d.). Mars rover Curiosity: An inside account from Curiosity's chief engineer.

Morton, O. (2003). Mapping Mars: Science, imagination, and the birth of a world. New York: Picador.

Parisi, T. (2016). Learning virtual reality: Developing immersive experiences and applications for desktop, web, and mobile. Sebastopol, CA: O'Reilly Media.

Ragan, E. D., Kopper, R., Schuchardt, P., & Bowman, D. A. (2013). Studying the Effects of Stereo, Head Tracking, and Field of Regard on a Small-Scale Spatial Judgment Task. IEEE Trans. Visual. Comput. 
Graphics IEEE Transactions on Visualization and Computer Graphics, 19(5), 886-896. doi:10.1109/tvcg.2012.163

Schmalstieg, D., & Höllerer, T. (n.d.). Augmented reality: Principles and practice.

Unity Course: Learn Unity 5 at Your Pace on Udemy. (n.d.). Retrieved from https://www.udemy.com/unitycourse/

Virtual Reality. (n.d.). Retrieved from https://unity3d.com/learn/tutorials/topics/virtual-reality

Wang, J., Bennett, K., & Guinness, E. (2012). Virtual Astronaut for Scientific Visualization—A Prototype for Santa Maria Crater on Mars. Future Internet, 4(4), 1049-1068. doi:10.3390/fi4041049



Discussion


