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Abstract. An overview of 3D video and free viewpoint video is given in this 
paper. Free viewpoint video allows the user to freely navigate within real world 
visual scenes, as known from virtual worlds in computer graphics. 3D video 
provides the user with a 3D depth impression of the observed scene, which is 
also known as stereo video. In that sense as functionalities, 3D video and free 
viewpoint video are not mutually exclusive but can very well be combined in a 
single system. Research in this area combines computer graphics, computer vi-
sion and visual communications. It spans the whole media processing chain 
from capture to display and the design of systems has to take all parts into  
account. The conclusion is that the necessary technology including standard 
media formats for 3D video and free viewpoint video is available or will be 
available in the future, and that there is a clear demand from industry and user 
side for such new types of visual media.  
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1   Introduction 

Convergence of technologies from computer graphics, computer vision, multimedia 
and related fields enabled the development of new types of visual media, such as 3D 
video (3DV) and free viewpoint video (FVV) that expand the user’s sensation beyond 
what is offered by traditional 2D video [1]. 3DV, also referred to as stereo, offers a 
3D depth impression of the observed scenery, while FVV allows for an interactive 
selection of viewpoint and direction within a certain operating range, as known from 
computer graphics. Both do not exclude each other. In contrary, they can be very well 
combined within a single system, since they are both based on a suitable 3D scene 
representation (see below). In other words, given a 3D representation of a scene, if a 
stereo pair corresponding to the human eyes can be rendered, the functionality of 
3DV is provided. If a virtual view (i.e., not an available camera view) corresponding 
to an arbitrary viewpoint and viewing direction can be rendered, the functionality of 
FVV is provided. The ideal future visual media system will provide full FVV and 
3DV at the same time. In order to enable 3DV and FVV applications, the whole proc-
essing chain, including acquisition, sender side processing, 3D representation, coding, 
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transmission, rendering and display need to be considered. The 3DV and FVV proc-
essing chain is illustrated in Fig. 1. The design has to take all parts into account, since 
there are strong interrelations between all of them. For instance, an interactive display 
that requires random access to 3D data will affect the performance of a coding 
scheme that is based on data prediction. 

 

Fig. 1. 3DV and FVV processing chain 

2   3D Scene Representation 

The choice of a 3D scene representation format is of central importance for the design 
of any 3DV or FVV system [2]. On the one hand, the 3D scene representation sets the 
requirements for acquisition and signal processing on sender side, e.g. the number and 
setting of cameras and the algorithms to extract the necessary data types. On the other 
hand, the 3D scene representation determines the rendering algorithms (and with that 
also navigation range, quality, etc.), interactivity, as well as coding and transmission. 

In computer graphics literature, methods for 3D scene representation are often 
classified as a continuum in between two extremes as illustrated in Fig. 2 [3]. These 
principles can also be applied for 3DV and FVV. The one extreme is represented by 
classical 3D computer graphics. This approach can also be called geometry-based 
modeling. In most cases scene geometry is described on the basis of 3D meshes. Real 
world objects are reproduced using geometric 3D surfaces with an associated texture 
mapped onto them. More sophisticated attributes can be assigned as well. For in-
stance, appearance properties (opacity, reflectance, specular lights, etc.) can signifi-
cantly enhance the realism of the models.  

The other extreme in 3D scene representations in Fig. 2 is called image-based 
modeling and does not use any 3D geometry at all. In this case virtual intermediate 
views are generated from available natural camera views by interpolation. The main 
advantage is a potentially high quality of virtual view synthesis avoiding any 3D 
scene reconstruction. However, this benefit has to be paid by dense sampling of the 
real world with a sufficiently large number of natural camera view images. In general, 
the synthesis quality increases with the number of available views. Hence, typically a 
large amount of cameras has to be set up to achieve high-performance rendering, and 
a tremendous amount of image data needs to be processed therefore. Contrariwise, if 
the number of used cameras is too low, interpolation and occlusion artifacts will ap-
pear in the synthesized images, possibly affecting the quality. 

In between the two extremes there exists a number of methods that make more or 
less use of both approaches and combine the advantages in some way. Some of these 
representations do not use explicit 3D models but depth or disparity maps. Such maps 
assign a depth value to each pixel of an image (see Fig 5). 
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Fig. 2. 3D scene representations for 3DV and FVV 

3   Acquisition 

In most cases 3DV and FVV approaches rely on specific acquisition systems. Al-
though automatic and interactive 2D-3D conversion (i.e. from 2D video to 3DV or 
FVV) is an important research area for itself. Most 3DV and FVV acquisition systems 
use multiple cameras to capture real world scenery [4]. These are sometimes  
combined with active depth sensors, structured light, etc. in order to capture scene 
geometry. The camera setting (e.g. dome type as in Fig. 3) and density (i.e. number of 
cameras) impose practical limitations on navigation and quality of rendered views at a 
certain virtual position. Therefore, there is a classical trade-off to consider between 
costs (for equipment, cameras, processors, etc.) and quality (navigation range, quality 
of virtual views). Fig. 3 illustrates a dome type multi camera acquisition system and 
captured multi-view video. Such multi-view acquisition is an important and highly 
actual research area [4]. 

 

Fig. 3. Multi-camera setup for 3DVO acquisition and captured multi-view video 

4   Sender Side Processing 

After acquisition, the necessary data as defined by the 3D representation format have 
to be extracted from the multiple video and other captured data. This sender side 
processing can include automatic and interactive steps; it may be real-time or offline. 
Content creation and post processing are included here. Tasks may be divided into 
low-level computer vision algorithms and higher-level 3D reconstruction algorithms. 

Low-level vision may include algorithms like color correction, while balancing, 
normalization, filtering, rectification, segmentation, camera calibration, feature 
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extraction and tracking, etc. 3D reconstruction algorithms include for instance depth 
estimation and visual hull reconstruction to generate 3D mesh models. A general 
problem of 3D reconstruction algorithms is that they are estimations by nature. The 
true information is in general not accessible. Robustness of the estimation depends 
on many theoretical and practical factors. There is always a residual error probabil-
ity which may affect the quality of the finally rendered output views. User-assisted 
content generation is an option for specific applications to improve performance. 
Purely image-based 3D scene representations do not rely on 3D reconstruction algo-
rithms, and therefore do not suffer from such limitations. 

Fig. 4 illustrates different steps of a 3D reconstruction pipeline. This includes vis-
ual hull reconstruction, surface extraction, surface smoothing, and mesh simplifica-
tion [5]. Fig. 5 illustrates video and associated per pixel depth data. 

 

Fig. 4. Different steps of 3D reconstruction 
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Fig. 5. Video and associated per pixel depth data 

5   Coding, Transmission, Decoding 

For transmission over limited channels 3DV and FVV data have to be compressed 
efficiently. This has been widely studied in literature and powerful algorithms are 
available [6]. International standards for content formats and associated coding tech-
nology are necessary to ensure interoperability between different systems. ISO-MPEG 
and ITU-VCEG are international organizations that released a variety of important 
standards for digital media including standards for 3DV and FVV. Classical 2-view 
stereo is already supported by MPEG-2 since the mid 90ies. Current releases of the 
latest video coding standard H.264/AVC also include a variety of highly efficient 
modes to support stereo video. This easily extends to multi-view video coding (MVC) 
with inter-view prediction, a recently released extension of H.264/AVC, which is illus-
trated in Fig. 6 [7]. It is the currently most efficient way to encode 2 or more videos 
showing the same scenery from different viewpoints. 
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Fig. 6. Multi-view video coding (MVC) 

Video plus depth as illustrated in Fig. 5 is already supported by a standard known 
as MPEG-C Part 3. It is an alternative format for 3DV that requires view synthesis at 
the receiver (see next section). Video plus depth supports extended functionality com-
pared to classical 2-view stereo such as baseline adaptation to adjust depth impression 
to different displays and viewing preferences [8]. Currently MPEG prepares a new 
standard that will provide even more extended functionalities by using multi-view 
video plus depth or layered depth video [9]. 

Different model-based or 3D point cloud representations for FVV are supported by 
various tools of the MPEG-4 standard. Fig. 7 illustrates coding and multiplexing of 
dynamic 3D geometry, associated video textures and auxiliary data [10]. 

 

Fig. 7. Coding and multiplexing of dynamic 3D geometry, associated video textures and 
auxiliary data 

6   Rendering 

Rendering is the process of generation of the final output views from data in the 3D 
representation format. Fig. 8 illustrates an interactive 3D scene with a FVV object 
included. The scene further includes a 360° panorama and a computer graphics object. 
In this case rendering is done by classical computer graphics methods. The user can 
navigate freely and watch the dynamic scene from any desired viewpoint and viewing 
direction. 

Fig. 9 illustrates virtual intermediate view synthesis by 3D warping from multiple 
video plus depth data. Any desired view in between available camera views can be 
generated this way to support free viewpoint navigation and advanced 3DV function-
alities [11]. For instance a multi-view auto-stereoscopic display can be supported 
efficiently by rendering 9, 16 or more views from a limited number of multi-view 
video plus depth data (e.g. 2 or 3 video and depth streams). 
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Fig. 8. Integrated interactive 3D scene with FVV 

 

Fig. 9. Intermediate view synthesis from multiple video and depth data 

7   Display 

Finally the rendered output views are presented to the user on a display. FVV requires 
interactive input from the user to select the viewpoint. This can be done by classical 
devices like mouse or joystick. Some systems also track the user (head or gaze) em-
ploying cameras and infrared sensors. 

In order to provide a depth impression 2 or more views have to be presented to the 
user appropriately at the same time using a specific 3D display. Such 3D displays 
ensure that the user perceives a different view with each eye at a time, by filtering the 
displayed views appropriately. If it is a proper stereo pair, the brain will compute a 3D 
depth impression of the observed scene. 

Currently, various types of 3D displays are available and under development [12]. 
Most of them use classical 2-view stereo with one view for each eye and some kind of 
glasses (polarization, shutter, anaglyph) to filter the corresponding view. Then there 
are so called multi-view auto-stereoscopic displays which do not require glasses. 
Here, 2 or more views are displayed at the same time and a lenticular sheet or parallax 
barrier element in front of the light emitters ensures correct view separation for the 
viewer’s eyes. 

Fig. 10 illustrates a 2-view auto-stereoscopic display developed by Fraunhofer 
HHI, which does not require wearing glasses. 2 views are displayed at a time and a 
lenticular sheet projects them into different directions. A camera system tracks the  
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Fig. 10. Auto-stereoscopic display made by Fraunhofer HHI 

user’s gaze direction. A mechanical system orients the display within practical limits 
according to the user’s motion and ensures proper projection of left and right view 
into direction of the corresponding eye. 

8   Summary and Conclusions 

This paper provided an overview of 3DV and FVV. It is meant to be supplemental 
material to the invited talk at the conference. Naturally, different aspects were sum-
marized briefly. For more details the reader is referred to the publications listed be-
low. 

3DV and FVV were introduced as extended visual media that provide new func-
tionalities compared to standard 2D video. Both can very well be provided by a single 
system. New technology spans the whole processing chain from capture to display. 
The 3D scene representation is determining the whole system. Technology for all the 
different parts is available, maturating and further emerging. 

Growing interest for such applications is noticed from industry and users. 3DV is 
well established in cinemas. E.g. Hollywood is producing more and more 3D movies. 
There is a strong push from industry to bring 3DV also to the home, e.g. via Blu-ray 
or 3DTV. FVV is established as post-production technology. FVV end-user mass 
market applications are still to be expected for the future. 
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