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ABSTRACT 
 
The paper presents a new geometrical concept of an omni-
directional and omni-stereoscopic multi-camera system. 
With such a system, 3D video panoramas can be captured 
and displayed at cylindrical 3D projection systems. The 
presented concept can be considered as an approximate 
solution of the well-known concentric mosaics that are 
defined as a sub-set of the plenoptic function. The paper 
discusses the geometrical relationship to the ideal case, 
while taking practical constraints for a real-working 
acquisition set-up into account. 
 

Index Terms— Panoramic video, stereo, acquisition 
 

1. INTRODUCTION 
 
The immersive sensation by panoramic imaging lasts back 
to renaissance painters. The first experiments with moving 
panoramic images have been presented beginning of the last 
century. For instance, the Cinerama system, an immersive 
360° projection has already been presented at the legendary 
Millenium World Exposition, 1900 in Paris [1]. Since then, 
a large variety of other systems have been developed 
targeting the entertainment market as well as training 
centers or event and exhibition technology [2]. In contrast to 
that, the provision of panoramic video supporting 
stereoscopic 3D is much more challenging and a steadily 
difficult task. While panoramic 3D projection is possible 
using today’s projection techniques from 3D cinema, the 
acquisition of 3D video panoramas is a widely unsolved 
problem and is therefore investigated in this paper. 

Capturing a still panoramic 2D image is possible by 
simply rotating a camera, warping and then stitching the 
images together [3]. Even digital consumer cameras have 
built-in this feature to create own panoramas. More difficult 
is the acquisition of panoramic 2D video, which requires a 
special camera arrangement. A common solution is to use 
multiple cameras, where individual single cameras look into 
different directions such that the resulting images can be 
stitched seamlessly to large panoramic views. First systems 
applying multiple cameras and mirrors to achieve full 
surround capture with high image resolution have already 
been used in the 60s by Ub Iwerks for Disney theme park 
productions [4]. Since then, many mirror-based system 

approaches have been proposed (e.g. [5]). Other approaches 
place a hyper- or parabolic mirror in front of a single camera 
to capture panoramic views [6] with the disadvantage of 
having a much lower resolution and plenty of distortions. 
Today, the advances and ongoing miniaturization of digital 
video cameras enables more compact systems and several 
commercial companies offer omni-directional cameras for a 
wide range of applications [7]. Good overview about 
different approaches on panoramic video acquisition is 
given in [8]. 

If now panoramic 3D acquisition comes into play, the 
situation is more difficult. The acquisition of static omni-
stereo panoramas has already been investigated since more 
than 15 years. A nice overview on the major principles can 
be found in [9]. The basic idea is to mount cameras on a 
rotating bar. From literature, this concept is also known as 
concentric mosaics [3], a special version of the plenoptic 
function [10]. In this paper, the concept of concentric 
mosaics is extended towards video acquisition. It presents a 
3D panoramic video camera that optimizes a trade-off 
between contradicting requirements on an adequate stereo 
impression, sufficiently overlapping views and correct 
positioning of focal points for accurate stitching. In the next 
section, the major principles and geometrical aspects of 
omni-directional and omni-stereoscopic systems for static 
scene are discussed. Section 3 then presents a design of an 
omni-stereoscopic video acquisition system that can be 
considered as an approximate solution to the theory of 
concentric mosaics. Section 4 shows first results of the proof 
of concept. A conclusion ends the paper. 
 

2. THEORETICAL BACKGROUND 
 
Since many years, the acquisition of panoramic images is a 
well-known and already solved problem of computer vision. 
As known from projective geometry, an error-free capture 
of panoramic 2D images requires that the focal points of the 
multiple camera views coincide in a common point and look 
in different directions. Usually, this condition is achieved by 
rotating a single camera at a tripod with a revolving camera 
head. In this ideal case, the single images can then be 
stitched to a panoramic 2D image without parallax errors for 
arbitrary scenes covering the entire depth range from zero to 
infinity. The extension of this 2D case towards 3D is called 
omni-stereoscopic imagery. The common approach is to 
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