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Focal lens – the distance between the lens and the image sensor



Full Sphere camera– iCinema, UNSW https://vimeo.com/2831635

https://vimeo.com/2831635


Matterport 360 spherical camera - https://matterport.com/gallery/

https://matterport.com/gallery/
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https://en.wikipedia.org/wiki/Three-dimensional_space
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3D Laser Scan

3D Laser Scanning is a non-contact, non-destructive technology that digitally captures the shape of physical 
objects using a line of laser light. 3D laser scanners create “point clouds” of data from the surface of an object. In 
other words, 3D laser scanning is a way to capture a physical object’s exact size and shape into the computer 
world as a digital 3-dimensional representation.
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Anamorphic Projection: Analogical/Digital Algorithms
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Abstract The study presents the first results of a wider research project dealing
with the theme of ‘‘anamorphosis’’, a specific technique of geometric projection of a
shape on a surface. Here we investigate how new digital techniques make it possible
to simplify the anamorphic applications even in cases of projections on complex
surfaces. After a short excursus of the most famous historical and contemporary
applications, we propose several possible approaches for managing the geometry of
anamorphic curves both in the field of descriptive geometry (by using interactive
tools such as Cabrı̀ and GeoGebra) and during the complex surfaces realization
process, from concept design to manufacture, through CNC systems (by adopting
generative procedural algorithms elaborated in Grasshopper).
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Spatial Transfiguration: Anamorphic Mixed-Reality in the 
Virtual Reality Panorama 

 

Abstract 

Spatial illusion and immersion was achieved in Renaissance painting through 

the manipulation of linear perspective’s pictorial conventions and painterly 

technique. The perceptual success of a painted trompe l’œil, its ability to fool 

the observer into believing they were viewing a real three-dimensional scene, 

was constrained by the limited immersive capacity of the two-dimensional 

painted canvas. During the baroque period however, artists began to 

experiment with the amalgamation of the ‘real’ space occupied by the 

observer together with the pictorial space enveloped by the painting’s picture 

plane: real and pictorial space combined into one pictorial composition 

resulting in a hybridised ‘mixed-reality’.1 Today, the way architects, and 

designers generally, use the QuickTime Virtual Reality panorama to represent 

spaces of increasing visual density have much to learn from the way in which 

Renaissance and baroque artists manipulated the three-dimensional 

characteristics of the picture plane in order to offer more convincing spatial 

illusions. This paper outlines the conceptual development of the QuickTime 

VR panorama by Ken Turkowski and the Apple Advanced Technology Group 

during the late 1980s. Further, it charts the technical methods of the Virtual 

Reality panorama’s creation in order to reflect upon the VR panorama’s 

geometric construction and range and effectiveness of spatial illusion. Finally, 

through a brief analysis of Hans Holbein’s Ambassadors [1533] and Andrea 

Pozzo’s nave painting in Sant ‘Ignazio [1691-94] this paper proposes an 

alternative conceptual model for the pictorial construction of the VR panorama 

that is innovatively based upon an anamorphic ‘mixed-reality’. 
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Andrea Pozzo, church of St.Ignazio, 1690. 3D illusion on flat surface
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Abstract

The paper presents recent research on the reconstruction of Anamorphic effects and other optical
illusions, shadows and projections, with the use of CAD systems. The first part of the paper is a
bibliographical overview about the appearance of optical illusions in art, ranging from the work of
Niceron to the extravagant sculptures of contemporary artists such as Markus Raetz. The second part of
the paper reports on an educational approach that introduces anamorphic geometries into the teaching
of digital methods of representation at Graz University of Technology. There is an overview of the
experiments and methodology for constructing optical illusions in a CAD environment as well as
examples drawn from student projects. The paper concludes with some observations and remarks
relating to the aforementioned educational experience.

Keywords

Projections  Optical illusions  CAD  Didactics  Art  Anamorphosis  Digital representations 

Introduction

The understanding of space through diverse projections and the study of shadow has ordinarily formed
part of the curriculum of architectural education. Courses of descriptive geometry traditionally taught
with compass and straightedge, are currently enriched with digital media, introducing the ever-growing
field of computational geometry. Based on this propaedia we are now moving a step further, utilizing a
new vocabulary of anamorphic effects, optical illusions and anagrams which can result in fascinating
spatial experiences. In this a game of perception a spectator in either physical or digital space might
experience confusion or surprise walking through spaces that look different than what they really are!
Nevertheless, the so-called “illusion” always comes down to simple geometric rules. All the
aforementioned effects have a concrete geometric explanation. This paper presents research into
examples of optical illusion and their digital reconstruction, and an educational process that attempts to
understand, analyze, and construct optical illusions and visually ambiguous spaces.

1/19
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Exocentric Perspective (focused or centered on something outside of itself)

Example of an exocentric frame of reference. The shape and size of the visualized area can be controlled through 
the viewing distance, direction and the field of view (FOV).



Explanatory and Illustrative Visualization of
Special and General Relativity
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Frank Grave, Andreas King, Ute Kraus, Thomas Müller, Hans-Peter Nollert, Isabel Rica Mendez,
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Abstract—This paper describes methods for explanatory and illustrative visualizations used to communicate aspects of Einstein’s
theories of special and general relativity, their geometric structure, and of the related fields of cosmology and astrophysics. Our

illustrations target a general audience of laypersons interested in relativity. We discuss visualization strategies, motivated by physics
education and the didactics of mathematics, and describe what kind of visualization methods have proven to be useful for different

types of media, such as still images in popular science magazines, film contributions to TV shows, oral presentations, or interactive
museum installations. Our primary approach is to adopt an egocentric point of view: The recipients of a visualization participate in a

visually enriched thought experiment that allows them to experience or explore a relativistic scenario. In addition, we often combine
egocentric visualizations with more abstract illustrations based on an outside view in order to provide several presentations of the

same phenomenon. Although our visualization tools often build upon existing methods and implementations, the underlying techniques
have been improved by several novel technical contributions like image-based special relativistic rendering on GPUs, special

relativistic 4D ray tracing for accelerating scene objects, an extension of general relativistic ray tracing to manifolds described by
multiple charts, GPU-based interactive visualization of gravitational light deflection, as well as planetary terrain rendering. The

usefulness and effectiveness of our visualizations are demonstrated by reporting on experiences with, and feedback from, recipients of
visualizations and collaborators.

Index Terms—Visualization, explanatory computer graphics, illustrative visualization, special relativity, general relativity, astrophysics,
visualization of mathematics, terrain rendering.

!

1 INTRODUCTION

ALBERT Einstein (1879-1955) was the first truly interna-
tional pop star of science, and his popularity has never

been matched by any other scientist since. In part, his
popularity is certainly due to his extraordinary personality,
appearance, and political engagement. Even more impor-
tantly, though, special and general relativity are concerned
with concepts that everybody experiences in daily life, such
as space, time, and light—at the same time engendering an
aura of scientific complexity and paradoxical effects.
Therefore, most people are both attracted to and appalled

by Einstein’s theories, which show that properties of space,
time, and light in relativistic physics are dramatically
different from those of our familiar environment governed
by classical physics.

A major and typical problem in explaining special and
general relativity to nonphysicists is a lack of mathematical
background, especially in differential geometry. We
strongly believe that visualization can be used to address
this problem because it is an excellent means of conveying
important aspects of Einstein’s theories without the need for
mathematical formalism. Our goal is to develop visualiza-
tions that are explanatory, illustrative, and pedagogical in
nature. Our approach does not target data exploration, but
the communication of ideas, theories, and phenomena to
others. Although data and information exploration is the
focus of most research efforts in the visualization commu-
nity, we think that visual communication is an equally
important aspect of visualization. Relativistic and astro-
physical visualization is heavily based on mathematics,
physics, and computer graphics and, therefore, is rooted in
the tradition of scientific visualization.

We have shown a long-term commitment for relativistic
visualization, with our group having started related research
at the end of the 1980s [1], [2]. Over the years, we have been
improving technical methods and didactical approaches for
relativistic visualization. This paper reports on our experi-
ences and it also contributes technical descriptions of
algorithms. Our experiences are based on numerous visua-
lization projects such as accompanying illustrations for
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70569 Stuttgart, Germany.
E-mail: {ertl, schafhitzel}@vis.uni-stuttgart.de,
falkmn@studi.informatik.uni-stuttgart.de.

. S. Schär is with the Historisches Museum Bern, Helvetiaplatz 5, 3005
Bern, Switzerland. E-mail: sonja.schaer@gmx.net.

Manuscript received 14 Nov. 2005; revised 17 Jan. 2006; accepted 25 Jan.
2006; published online 10 May 2006.
For information on obtaining reprints of this article, please send e-mail to:
tvcg@computer.org, and reference IEEECS Log Number TVCGSI-ERTL-1105.

1077-2626/06/$20.00 ! 2006 IEEE Published by the IEEE Computer Society



To be continued…




