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AR Visualization



R. Haber and D. McNaab, “Visualization idioms: a conceptual model for scientific visualization systems”

Traditional Visualization Pattern
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X

How to combine virtual data and real environment?

What does it mean for AR?



Simple AR Visualization Pattern

S. Zollmann, T. Langlotz, R. Grasset, WH. Lo, S. Mori, H. Regenbrecht, Visualization Techniques in Augmented Reality: A Taxonomy, 
Methods and Patterns, TVCG, 2020
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Challenges
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Visual Coherence

Challenges



Visual Coherence for AR
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S. Zollmann and G. Reitmayr. 2012. Dense depth maps from sparse models and image coherence for augmented reality. In 
Proceedings ACM symposium on Virtual reality software and technology, 2012
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S. Zollmann and G. Reitmayr. 2012. Dense depth maps from sparse models and image coherence for augmented reality. In 
Proceedings ACM symposium on Virtual reality software and technology, 2012
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Visual Coherence in AR Using 3D Models
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Models and Image data: Gruber et al. The City of Sights: Design, Construction, and Measurement of an Augmented Reality Stage Set, 
ISMAR 2010 

Visual Coherence Using 3D Models



S. Zollmann, T. Langlotz, R. Grasset, WH. Lo, S. Mori, H. Regenbrecht, Visualization Techniques in Augmented Reality: A Taxonomy, 
Methods and Patterns, TVCG, 2020
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S. Zollmann, C. Hoppe, T. Langlotz and G. Reitmayr, FlyAR: Augmented Reality Supported Micro Aerial Vehicle Navigation, in IEEE 
Transactions on Visualization and Computer Graphics



S. Zollmann, C. Hoppe, T. Langlotz and G. Reitmayr, FlyAR: Augmented Reality Supported Micro Aerial Vehicle Navigation, in IEEE 
Transactions on Visualization and Computer Graphics



Visual Coherence in AR Using Image Data



X-Ray AR 
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Complete occlusion?
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Using important image elements for occlusion.
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Camera Image

Ghosting Map Creation Ghosting RenderingImage Analysis

S. Zollmann, D. Kalkofen, E. Mendez and G. Reitmayr, "Image-based ghostings for single layer occlusions in augmented 
reality," 2010 IEEE International Symposium on Mixed and Augmented Reality



S. Zollmann, D. Kalkofen, E. Mendez and G. Reitmayr, Image-based ghostings for single layer occlusions in augmented reality, 
2010 IEEE International Symposium on Mixed and Augmented Reality
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User Experience

Zollmann, Stefanie, Raphael Grasset, Gerhard Reitmayr, and Tobias Langlotz. "Image-based X-ray visualization techniques for 
spatial understanding in Outdoor Augmented Reality." OZChi. 2014
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Challenges

Depth Understanding



At which depth?



S. Zollmann, G. Schall, S. Junghanns, and G. Reitmayr, “Comprehensible and Interactive Visualizations of GIS Data 
in Augmented Reality,” Adv. Vis. Comput. 2012.



S. Zollmann, G. Schall, S. Junghanns, and G. Reitmayr, “Comprehensible and Interactive Visualizations of GIS Data 
in Augmented Reality,” Adv. Vis. Comput. 2012.



P. Skinner, J. Ventura and S. Zollmann, "Indirect Augmented Reality Browser for GIS Data," 2018 IEEE International 
Symposium on Mixed and Augmented Reality Adjunct (ISMAR-Adjunct)



S. Zollmann, C. Hoppe, T. Langlotz and G. Reitmayr, FlyAR: Augmented Reality Supported Micro Aerial Vehicle 
Navigation, in IEEE Transactions on Visualization and Computer Graphics



S. Zollmann, T. Langlotz, R. Grasset, WH. Lo, S. Mori, H. Regenbrecht, Visualization Techniques in Augmented Reality: A Taxonomy, 
Methods and Patterns, TVCG, 2020
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Information Clutter

Challenges



P. Skinner, J. Ventura and S. Zollmann, "Indirect Augmented Reality Browser for GIS Data," 2018 IEEE International 
Symposium on Mixed and Augmented Reality Adjunct (ISMAR-Adjunct)
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Indirect Augmented Reality Browser for GIS Data: Combining crowd-
sourced street view data with GIS data for Indirect AR

Traditional AR Browser Indirect Augmented Reality Browservs.
P. Skinner, J. Ventura and S. Zollmann, "Indirect Augmented Reality Browser for GIS Data," 2018 IEEE International 
Symposium on Mixed and Augmented Reality Adjunct (ISMAR-Adjunct)



Situated Visualisation of GIS data: Indirect AR Browser with 
Street View Imagery 
stefanie zollmann, patrick skinner, jonathan ventura
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VR Videography: Motivation



Schonberger, et al. ”Structure-from-motion revisited." Proceedings of the IEEE Conference on Computer Vision and Pattern 
Recognition. 2016.

VR Videography: Challenges



Spherical Structure-from-Motion

Baker, L., Mills, S., Zollmann, S., & Ventura, J. (2020, March). CasualStereo: Casual Capture of Stereo Panoramas with 
Spherical Structure-from-Motion. In 2020 IEEE Conference on Virtual Reality and 3D User Interfaces (VR) (pp. 782-790). IEEE.
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Baker, L., Mills, S., Zollmann, S., & Ventura, J. (2020, March). CasualStereo: Casual Capture of Stereo Panoramas with 
Spherical Structure-from-Motion. In 2020 IEEE Conference on Virtual Reality and 3D User Interfaces (VR) (pp. 782-790). IEEE.

CasualStereo: Casual Capture of Stereo Panoramas
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stefanie zollmann, alistair knott, zhao wei
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ARSpectator: Open Topic ARReplays



Monocular Depth Estimation



Monocular Depth Estimation
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