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 Introduction 1

3D presentations on autostereoscopic 3D displays should consider ergonomics and usability of the 

viewing situation. This includes size and resolution of the display, its capability to present depth, as well 

as to consider the viewing distance of the user(s). Such a display is called adaptive. In commercial mass 

products the capability to adapt has to be a property of the display und has to be therefore integrated 

in the display interface. HHI developed an automatically stereo analysis, an eye tracking algorithm as 

well as a number of render solutions for special 3D presentation modes. These components can be 

implement preferably on display controller hardware but can also run on the graphics controller unit of 

a computer to realize the functions and modes described in that whitepaper.            

 Real-time processing chain 2

The presented system covers the whole real-time processing chain from a given stereo stream to its 

visualization at arbitrary autostereoscopic (i.e. glasses-free) 3D displays. Figure 1 shows a block diagram 

of the existing processing chain with multifold output options. The 3D content can be shown on either 

tracked single-user displays or multi-user multi-view displays as well as on upcoming integral imaging 

displays. For this purpose it can flexibly be configured such that the same processing and system 

architecture supports a multitude of different 3D display formats and operating modes. A further 

outstanding feature is its future-proof performance enabling perfect quality at auto-stereoscopic 3D 

display panels with very high resolution (4k and beyond) and extremely small pixel pitches. In summary, 

it allows highest quality for a wide range of 3D applications by only one common and cost-effective 

processing system.   

 

Figure 1. Block diagram of the existing process chain with multifold output options 
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 STAN – Stereoscopic Analyzer  3

The Stereoscopic Analyzer (STAN) is used as the initial processing step. It ensures that the stereo stream 

respects basic quality requirements such as line alignment, color matching, avoidance of perception 

conflicts and compliance with comfortable viewing conditions. It controls the stereo quality and corrects 

the stereo input in real-time if necessary. It summary, the STAN is a system for producing perfect stereo 

by combining real-time image analysis with intelligent automated tools [1][2][3][4][20]. 

 Depth Estimation 4

Based on the corrected stereo input from STAN output, depth information is extracted from the 

stereoscopic video by using a hybrid recursive matching (HRM) technique [5]. The current system of the 

processing chain uses a fast, robust and efficient version called L-HRM. It enables an estimation of 

disparity maps in real time [6]. Furthermore texture-adaptive multi-lateral post-filtering detects and 

corrects mismatches, resulting in reliable disparity maps of highest quality [7][8][9][21]. Currently, a new 

enhanced depth estimator is under development and will be integrated soon. The most significant 

advantage of this new so-called IPSweep algorithm is the furtherly improved real-time performance 

based on a high degree of parallelization especially suitable for GPU implementations [10][22]. 

 View Rendering 5

Using the depth information from L-HRM, a depth-image based renderer (DIBR) calculates all virtual 

views that are needed for the specific 3D display to be supported. The view renderer is optimized for 

autostereoscopic 3D displays and runs in real time. Number and position of the virtual views depends on 

the display design and its operating mode. The renderer has a lot of options in order to get configured 

accordingly. Thus, it represents the core component of the entire system allowing the high flexibility to 

support any kind of display type and to be able to switch on-the-fly between different operating modes 

(e.g. tracked single-user, multi-view or integral imaging). Moreover, it allows to calibrate the alignment 

of display panel and optical lens precisely to each other, just by electronical processing – an important 

feature, especially in case of high resolution panels with extremely small pixel or sub-pixel pitch.  

 Autostereoscopic 3D Displays 6

Furthermore, HHI has developed a couple of algorithms for the fusion of several display formats and 

different operational modes such as single-user, multi-view and integral imaging by same image 

rendering process, just by different configurations of the on-board processing of the same 3D display 

without any modification of the optical lenses properties. The only restriction is that the given 3D 

display uses arbitrary horizontal or slanted optical image splitter. For instance, a multi-view 3D display 

with lenticular lenses can be converted to an integral imaging device, just by electronical means without 

modifying the optics themselves and vice versa. Furthermore, 3D displays with tracking units can be 

switched on-the-fly from tracked single-user mode to a multi-view multi-user display and vice versa. In 
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addition, the technique allows for adapting the viewing zones to a tracked user position or desired 

viewing distances in case of multi-view multi-user displays or integral imaging devices [19]. 

 

 

 

 

         

 

 

Figure 2. Options to transform properties of a given 3D display by just electronical processing 

 

The following sections describe some concrete applications of this universal processing pipeline. 

6.1  Universal Interleaving-Algorithm for Adaptive Two-View Mode 

This mode offers a generic method for interleaving of two stereo images for each given 

autostereoscopic 3D display design and allows a precise electronical calibration between display panel 

and optical lens.  It is applicable for single-user, multi-view, integral imaging [12][13][23][24]. 

 Universal interleaving-algorithm for autostereoscopic 3D displays 
 Adaptation of the viewing-zone in XYZ space corresponding to a tracking signal 
 Local correction of misalignments between display-panel and lens grid   
 Hardware implementation on FPGA board for 5K Display 

 

6.2 Continuous Multiview with Viewing-Distance-Control (VDC) 

The Viewing Distance Control algorithm (VCD) is a generic method which adapts the interleaving 

pattern in dependence on the optical design of a given autostereoscopic 3D displays to the desired 

viewing distance [14][15][16][25][26].  

 Adaptation of optimal viewing distance in front of or behind the nominal distance 

 Enables continuous lateral displacement of the viewing zone  

 Flexible technology for all autostereoscopic 3D displays 

 Continuous change of perspective at a the lateral head movement 

 Image content can be produced by depth-image based rendering (DIBR) or computer generated 

imagery (CGI) 

 Lateral adaption by using additional views [32] is applicable 
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Figure 3. Multiview display left with separated stereo zones (discrete multiview) and right with continuous 
adaptation of viewing zones to changing viewing distances by VDC (middle, right) 

 

6.3  Integral to Multiview Presentation with VDC 

This mode enables the transformation of a 3D display with radiation properties from integral imaging to 

a multi-view 3D display by using similar processing as the one described in 5.2 [27].   

 

 

Figure 4. Example for the viewing space at same 3D display: a multi-view mode (left), conventional integral 
imaging (middle) and optimal trade-off (right) for the desired viewing condition 
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6.4 Depth Enhanced Integral Imaging  

In addition, the opposite direction addresses a transformation of a multi-view 3D display with 

perspective ray geometry in an integral-imaging 3D display with parallel geometry. This special 

application has the advantage to find an optimal trade-off between both features, a large depth of field 

and large viewing angle, for a desired viewing condition [31]. 

 Increasing the depth of field compared with conventional integral imaging displays 

 Reducing the blurring effect 

 No adaptation of the viewing area in the Z-direction necessary 

 Allows a reduction of the minimum viewing distance 

 Allows the correct 3D perception at different viewing distances 

 

6.5 Multi-Modal Super Hi-Vision 3D Representation 

Super High-Vision panels with resolutions of 8k or 16k or even beyond will be available in near future. 

Due to these high resolutions autostereoscopic 3D display (multi-view or integral imaging) will be able 

to offer completely new features. In particular, it might be feasible to create a high number of 

separated stereo channels with wide viewing angles. Hence, in combination with tracking technologies, 

several persons at different viewing positions can watch individual stereo views under optimal 

conditions or even with different content, a viewing format known as multimodal representation 

[13][17][19]. Our universal processing chain is also able to support these future applications.  

 Multiview 3D displays with mixed viewing zones, e.g. a tracked stereo zone and a wide angle 

2D viewing zones for special application like surgery [23] 

 Multiview 3D displays with a few tracked stereo zones and minimized crosstalk [28]  

 Multi-Content representation where several people can watch with tracked stereo views of 

different content [29] 

 Transformation of an integral imaging display with parallel ray geometry into a tracked single-

user display with two views [30] 

 

6.6 Correction of Misalignments  

Increasing panel resolution also means an increase of pixel density and a minimization of pixel 

structures. As a consequence, the probability of local misalignment between the optical grid and the 

display panel during construction and manufacturing will also increase considerably. These 

misalignments can also be corrected by our processing system [18]. 

 Flexible method for the correction of allocation errors between the display panel and the 

lenticular 

 Applicable to single-user, multi-view and integral imaging displays 

 Correction can also compensate after inaccurate bonding 

 Reduced fabrication costs due to electrical adaptation instead of mechanical calibration 
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