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Abstract
This paper describes current work regarding two EC 
funded projects, MUTED and HELIUM3D whose 

objective is to produce an autostereoscopic display 
system which is well suited to domestic television 

applications. Both of these projects have common roots 
in a previous EC funded project (ATTEST) and both 

employ laser illumination and viewer head tracking. 

1. Introduction

There are countless approaches to generating 3D 

imagery, particularly in photographic applications, and 

many of the most effective techniques are over a 

century old, however, deficiencies in the underlying 

and enabling technologies has meant that the 

transition from photography to electronic display has 

not been a comfortable one. As a consequence, 

electronic 3D displays have tended to be confined to 

niche applications until recently. 

Of the various approaches which might be taken to 

realise an autostereoscopic display, holography has the 

potential to provide the most realistic 3D display but 

also exemplifies the awkward transition from 

photographic to electronic imagery. 2D holographic 

projection systems are now close to 

commercialisation(1), indeed, this approach facilitates 

the illumination scheme in the MUTED display, but it 

seems unlikely that holography will deliver a 

mainstream 3D display solution for some years to 

come. 

Volumetric or 'space filling' displays(2) produce 

autostereoscopic images, however these are 

translucent and the hardware required tends to be 

complex. 

Multi-view displays, typified by the lenticular 

approach(3), provide a simple, inexpensive, and 

effective solution but suffer from having restricted 

viewing regions, loss of resolution and limited depth 

of field. 

There is no universally agreed list of requirements 

for a 3DTV system but a few key characteristics have 

driven the design philosophy of the MUTED and 

HELIUM3D displays as well as the previous 

ATTEST(4) display: 

It should accommodate several viewers who can 

enjoy freedom of movement, and are not required to 

wear headgear such as polarised glasses. 

This is achieved in the aforementioned systems by 

steering exit pupils to the eyes of the viewers in 

response to head position information provided from a 

vision based tracking system. 

2. Viewer tracking

In the ATTEST project, two distinct displays were 

produced, both of which tracked the position of 

viewers. A multi-viewer prototype was produced(5) 

which used magnetic Polhemus trackers, and a single 

viewer display (the Fraunhofer HHI Free2C(6)) was 

produced using a vision based tracking system. Given 

our insistence that a 3D display should not require the 

users to wear headgear it was deemed unreasonable 

that they should be tethered to a tracking system. 

Consequently a vision based multi viewer tracker has 

been developed to support the MUTED display. 

A fundamental problem in video based tracking 

technology is the limitation of the camera optics. A 

limited depth of focus (see Figure 1) and a constant 

focal length restrict the possible detection area to 

unsuitable dimensions. A single optic of a system that 

tracks an object with an adequate accuracy provides a 

limited variation of the tracking distance. For that 

reason our approach uses multiple cameras, a camera 

system with large focal length to observe far areas and 

a short focal length system with large opening angle to 

observe near areas.  
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Figure 1: The depth of focus for a typical 

configuration. (The close Siemens-star is at 1.5m 

distance. The distant Siemens-star is at 2.5m 

distance. The desired tracking range is 2m.) 

The cost of high resolution cameras, a high amount 

of unused data traffic, and the goal to develop an 

effective hardware version led to a tracking system 

that uses multiple cameras with common TV (PAL) 

resolution (see Figure 2). This concept is based on six 

cameras with PAL resolution, arranged in three pairs, 

one of which is focused at the closest user distance 

while the other two pairs focus near the maximal user 

distance.

Fig. 2. Multiple camera approach with common 

PAL resolution  

Fig. 3. Tracking multiple viewers 

3. The MUTED display 

In the ATTEST display project, autostereoscopic 

image display was achieved by presenting 'interlaced' 

left and right eye images on alternate pixel rows of a 

LCD. A lenticular screen placed behind the LCD was 

used to focus a steerable backlight through the left and 



right image rows of the LCD, and thence to the 

viewers. The backlight comprised an array of plate 

elements in conjunction with multiple light sources 

(white LEDs). Performance of the ATTEST display is 

described in the literature (7). Here, it is sufficient to 

note that a fundamental problem of the display was its 

brightness. Despite having over five thousand LEDs 

in the backlight, their low duty cycle meant that only a 

small proportion of them actually contributed to the 

image brightness. This problem has been addressed in 

the MUTED display by employing a holographic 

projection system to perform the backlight function. A 

stylized representation of the MUTED backlight is 

shown in Figure 4. 

Fig. 4. Stylised representation of MUTED 

backlight system 

In this scheme a pattern of spots is projected onto 

the flat back surfaces of the plate array. Rays of light 

emerge from the front surface of the array, the 

direction of these rays is determined by the position of 

the spots on the back surface. 

Figure 5 shows a side elevation of the MUTED 

monochrome display prototype where the illumination 

source is provided by a green holographic laser 

projector. This produces spot patterns on the back of 

the plate arrays that are converted to collimated beams 

which intersect at the viewers’ eyes in order to provide 

illumination over the complete screen width. As the 

throw angle of this projector is only 20º it needs to be 

located over two metres from the optical arrays. The 

depth of the display is reduced by utilising the flat 

folding mirror shown in the lower right of Figure 5.  

The arrays are designed to operate with light 

landing orthogonally on their back surfaces. The 

expanding rays from the projector are collimated in 

the horizontal direction by means of a large parabolic 

field mirror. 
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Fig. 5. Diagrammatic representation of the 

MUTED display 

A particular challenge in constructing the MUTED 

display has been the optimisation of the holographic 

projector as the veracity of the system is determined 

by the fidelity of the spot pattern projected onto the 

plate arrays. This is illustrated in Figure 6. 

Fig. 6. Spot patterns on the MUTED plate array 
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The overlaid rectangles in Figure 6(a) represent the 

back surfaces of the array elements on to which the 

pattern is projected. The figure shows a series of 

seven spots and illustrates their position in relation to 

the array elements. Figure 6(b) shows the close-up of 

one of the spots. The issues here are: variation of 

usable light that may cause the appearance of vertical 

banding in the images, lost light that results in reduced 

luminous efficiency and stray light entering adjacent 

elements above and below, giving unwanted weak 

collimated beams that result in crosstalk. The shape of 

the spots is optimised by correcting for the lens 

aberrations of defocus, astigmatism and coma in the 

hologram generation. 

3. The HELIUM3D display 

The optics of the HELIUM3D prototype comprises 

two principal components: the Light Engine where the 

images are generated and the Transfer Screen where 

the light directions are manipulated under the control 

of a multi-target pupil tracker so that images are 

directed to the appropriate viewers’ eyes. Figure 7 is a 

simplified depiction of the display hardware. The 

Light Engine comprises red, green and blue lasers 

whose outputs are combined and then scanned 

horizontally. This illuminates a three-channel LCOS 

light engine that has an LCOS device for each of the 

primary colours and whose outputs are combined and 

projected on to the Intermediate Image stage. This 

image is in turn projected on the Screen Assembly via 

the SLM that is controlled by the output of the Pupil 

Tracker. Horizontal raster scanning enables dynamic 

exit pupils located at the viewers’ eyes to be formed 

over the duration of a scan. 

Fig. 7.  The HELIUM3D display system 

4. Summary 

Work continues on the development of the MUTED 

display, The current iteration has RGB lasers and user 

trials are planned for later this year. The HELIUM3D 

system is at the design stage with construction to 

commence imminently. 
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