Direct view Holographic

Autostereoscopic Displays

David Trayner, Edwina Orr

RealityVision Ltd.

6 Yorkton St. London E2 8NH

Tel : +44 (0 )171 739 9700

Fax : +44 (0 )171 739 9707

E-mail: reality@augustin.demon.co.uk

We describe a new autostereoscopic display technology based on direct view

Liquid Crystal Display (LCD) and Holographic Optical Elements ( HOEs).

The display uses a composite HOE to control the visibility of the pixels of a conventional LCD. One arrangement is described which uses horizontal line interlaced spatially multiplexed stereo i mages displayed on the LCD to provide an easy to viewed autostereoscopic (i.e. glasses-free real 3D) display.

It is compatible with existing glasses-based stereo system using the fieldsequential method coupled with a shutter system (e.g. LCD shuttered glasses).

We indicate how this new technology can provide backwards compatibility with existing 2D display technology through a full resolution 2D display option, thereby allowing it to perform as a 2D monitor when required. We also describe the advanced capabilities of moving the stereo viewing zone to follow a moving viewer and we discuss and demonstrate recent experi mental work showing full parallax (along in X,Y and Z axes) autostereoscopic 3D from computer generated i mages running on a PC. These experi ments show that very convincing full parallax autostereoscopic images can be displayed to a viewer who has substantial freedom of movement. Additional capabilities will be indicated including multiple viewer systems which will allow a number of static or independently mobile users to enjoy 3D autostereoscopic i mages simultaneously. This display technology allows the manufacture of general purpose display with the added capability of being able to display autostereoscopic 3D when required.

Keywords: Autostereoscopic, holograph y, HOE, stereoscopic, 3D, LC D, display.

1. Introduction.

The displayt echnologydescribed below is a di rect view LC D-based device which as well as performing as a normal monitor can also display an autostereoscopic 3D image - i.e. the user can see a st ereoscopic 3D image in front and behind the plane of the screen without the need for an yspeci al gl asses. The technologyis very new and makes use of a holographic illumination system combined with a conventional LCD panel.

2. Basic principles of operation.

2.1 Im age hologram s - background inform ation.

Most people are familiar with image holograms where, under proper li ghting conditions, ver y high resolution 3D images can be produced. Holograms are generall ymade by recording the fringe pattern produced b yinterference between a ^reference beam~ and light scattered b ythe object to be recorded. A coherent light source (i.e. a laser) and ver y high resolution (� 6000 line pairs per millimetre) photographic recording material are needed.

It is ver yunlikel ythat real time holograph ywill form the basis of a commerciall yviable 3D transmission and displays ystem in the foreseeable future.

2.2 HOEs - background inform ation.

Holographic techniques can, however, be used to manipulate and direct light in wa ys that are impossible using conventional optics. In an image hologram the illuminating li ght is focussed b ydiffraction in the hologram to produce a 3D image of an object. (We sa ythat the wavefront of the ori ginal object light is reconstructed b ythe hologram.) In a HOE the

^object~ mi ght be one or more points of light, in which case the HOE will perform in a wa y analogous to some combination of lenses, mirrors and diffraction gratings. HOEs are used e.g. in Head Up Displa ys, fibre optic interconnects and CD readers. The yusuall yhave properties such as multiple focal points, wavelength selectivit yand transparent appearance which cannot be achieved with conventional optics. Thei r optical performance is not related to their ph ysical shape but comes from diffraction which is most often produced b y either a surface or volume phase grating.

2.2 Direct view autostereoscopic HOEs - principles of operation.

The HOE we have developed uses as its object a diffusel yilluminated plane viewed through an arra yof apertures. It is a composite spatiall ymultiplexed HOE originat ed using at least two similar laser exposures on one pl ate.

Its basic operation can be understood b yfirst considering a simple hologram of a diffuser.

The diffuser should be imagined as an evenl y illuminated rectangular diffuse plane - like a white sheet of card.

Fig.1 illustrates such a hologram (or HOE) which is illuminated to produce a real image of the plane. Although it is not perceived as such, this is a image of a diffuser floating in front of the HOE. Consideration of the direction if the light forming this image shows that an eye (e ye 1 in the fi gure) positioned so that the image lies in line with it and the HOE, will see the whole surface of the HOE bri ghtl yand evenl yilluminated. Conversel ya differentl y

Direct View Holographic Autostereoscopi c Displays 25 positioned eye (e ye 2 in the fi gure) is not in line with the HOE and the image so the HOE appears dark. If a transparenc yis place on the HOE then for e ye 1 it will be back lit and therefore visible ; for e ye 2, on the other hand, it will be dark and the image will be invisible.

Fig. 1. Reconstructed real image of a diffuse plane.

Figs. 2 and 3 show how we use this principle to create an autostereoscopic displa y.

Fig. 2 Composite HOE with two sets of HOE regions and two corresponding diffuse real images.

Figure 2 shows a composite HOE, it is divided into two set of regions, the members of one set diffract slight so as to form a real image of a diffuser in one position while those of the other set diffract it to form a real image in a di fferent position. Consequentlyan e ye

positioned to look through one of these real images will see one set of regions brightl ylit while the other set will be dark. The converse applies to the other e ye.

To make an autostereoscopic displaywe make a HOE where there are two sets of regions in the form of interlaced horizontal lines with double the pitch of the pixels of the LCD.

Odd numbered horizontal lines on the LC D then correspond to the members of one set of

HOE regions while the even numbered ones correspond to those of the other set. This arrangement is illustrated in fig.3.

Fig. 3. Composite HOE and LCD.

We use transmissive LCDs - like the ones used on laptop computer and increasingl yon the desktop. As theyare transmissive devices the yrequire a back light in order for the image to be visible - just like a photographic transparency. To make an autostereoscopic displa y we remove the conventional diffuse back light and replace it with a HOE. In making the

HOE we position the real images for the diffusers so the left e ye looks through one while the right e ye looks through the other - typicall yat a distance of about 500 mm from the

HOE and arranged so that the two real images abut each other. Consequently an image displayed on, sa y, the odd lines of the LCD will be visible to the left e ye alone while the right e ye will perceive an image displa yed on the even numbered lines. Clearl y, if each of these images is one of a stereo pair then a stereoscopic 3D image can be seen. Control of the stereo image translation and disparit ycan place the 3D image behind, straddling or in front of the LCD.

This is one of a variet yof possible configurations.

3. Compatibi lity issues.

3.1 Hardware compatibility:

The displays are based on standard LC Ds with standard drivers and interfaces , consequentl ythe ywill plug directl yinto unmodified PCs without needing an yspecial hardware or software modification.

3.2 Software com patibility - stereo m ode.

The interlaced horizontal line configuration also has the advantage of being geometrically the same a field-sequential stereo displa ymethods using shuttered glasses so our displayis compatible with existing cameras and software that use this method - though ours is not operating in a time sequential mode and, of course, does not require shuttered glasses. It therefore operates with a range of existing material from stereo videotapes through stereo capable CAD, VR and modelling software.

3.3 Application com patibility - 2D operation m ode.

A frequentlyunderestimated requirement for a 3D displayis that it should work well in 2D mode. The important issues here are (a) the full resolution of the displa yshould be usable in 2D and (b) retinal rivalr ymust not be present in 2D mode. In effect this mean that 3D operation must be an option which can be turned on for viewing a 3D scene and turned off for tasks such as word processing or drawing. This is comparable with the need for a stereo sound system to pla ymono recordings or a colour displa yto be able to displa yblack and white.

Fig.4 A 2D compatibility method

One wa ywe can achieve this byexploiting the fact that the position of the left and right viewing zones is directl yrelated to the position of the illuminating light source. Fig 4 illustrates a basic implementation where the use of two separate light sources causes the left and right viewing zones to overlap. In the overlapping region both e yes will see all the pixels giving full resolution 2D performance. The switch between 2 and 3D is achieved b y lighting control which can itself be brought under software control so the appropriate displaymode can be set automaticall y.

3.3 Commercial potential and perform ance t argets.

This displaytechnologyallows the manufacture of general purpose displa ywith the added capabilityof being able to displa y autostereoscopic 3D when required. Potentiallythis can be achieved at a similar cost to existing 2D LCD monitors. One target is to produce a displaywhich has equal performance to existing 2D monitors in 2D mode but which will switch to 3D mode when needed - thereb yenabling users to purchase a general purpose 3D capable displa y- as opposed to using either special glasses or having an additional monitor for 3D applications.

4. Advanced performance issues.

The basic technologyprovides a ver y easilyviewed 3D image within a fixed viewing range. The displayis intrinsicall yoptimallyaligned so the limitation on depth is the same as an y well optimised stereo displa ys ystem. In an interactive mode an image can be moved backwards and forwards bythe user, interaction ensures that the user can fuse the stereo half images and in such a case the image location can be moved 1-2 metres behind the screen and to a point about halfwa ybetween the screen and the user´s face. Such extremes involve substantial stereo disparit yso in non-interactive situations the usable depth should be limited to around 2x the horizontal dimension of the screen, with 1/3 of this volume in front and 2/3 behind the plane of the displa y.

4.1 Mobile viewing zone.

The basic technologyis capable of more than fixed viewing position 3D. The position of the light source controls the position of the viewing zones. If the source is moved then the stereo viewing position will also move. Consequentlyif the displa yis linked with an eye tracking device it is possible to provide stereo viewing for a mobile viewer. We have demonstrated this in an experimental implementation with a light source mounted on a translation stage (though in the future more elegant solutions without moving parts can be expected). The position of the light can then controlled b ya PC and a commercial head tracking device. This provides substantial freedom of movement for the viewer.

4.2 Continuous parallax im agery - look around, over, under, nearer and further with perspective updating.

Normal stereo 3D consists of two perspective views on an object, if such a picture is viewed from different positions the image will appear to distort as there is no changing parallax corresponding to the viewer´s changing position. This effect is not particularl y disturbing but certainlyreduces the sense of presence of the 3D image and its verisimilitude to a moving viewer. If, however, we introduce perspective updating it is possible to redraw the image with the perspective adjusted in real time to correspond to the viewer´s changing position. This adjustment can be done for viewer movement in all three dimensions.

We have implemented this on our newest experimental display. We used Themekit´s

^ Mindformer~ VR package. The authors of this software introduced three advances: (a) the integration of the head tracker (b) software for the control of our stepper motor driven translation stage for the light in our displa yand (c) perspective updating to correspond to the viewer´s position. Our displayallows considerable freedom of movement in Z and Y directions without there being an yneed to move the light source, so it onlyneeds moving horizontallyside-to-side. The perspective updating, however, is done corresponding to viewer movement along all three axes.

The subjective effect is of an object actuall ybeing there - it is possible to look round it, under and over it as well as nearer and further from it. The software also allows for real time manipulation of the object and the provision of the strong sense of 3D space allows modelling in 3D without having constant recourse to the conventional 4-view (i.e. plan, front elevation, side elevation and perspective vie) 2D representations to locate the image in depth. This work is at an earlystage but shows considerable promise. Fig.5 shows the layout of the displa y.

Fig.5. Schematic layout of experimental display with moving stereo viewing position.

4.3 Quasi-continuous parallax im agery by the m ultiple view m ethod.

There is a second wa yof providing the impression of parallax in the horizontal direction.

This involves the simultaneous displayof multiple views of the object. Although it is perfectlyeas yfor us to use this method in our invention we feel that the amount of views required in order for the effect to be usable for deep images and to approach the performance of a head tracked s ystem is rather large (50 -200 separate for a monitor sized display). Such an arrangement would provide parallax effect in the x and z directions but still not vertically. The resolution and bandwidth overheads (� 50 times as man yimages to be displayed simultaneously) entailed b ya multi view real time autostereoscopic displa y are much too heav ywhen compared with the 2-view head tracked s ystem of similar performance. Multi-view s ystems with fewer views will restrict the depth of the scene that can be displa yed and will also restrict the range of viewing distances, furthermore computer system integration and compatibilityissues become clear problems - which is not the case with a 2-view head tracked s ystem.

4.4 Sim ultaneous stereo viewing by m ultiple indep endently m obile viewers

The number of stereoscopic viewing positions can be increased b yadding light sources and thereb yadding one stereo viewing position per light. This is illustrated in fig.6. If both lights are independentl ymobile and there is a means of tracking two viewers then each viewer can move without loss of stereo viewing. The same principle can, of course, be extended to provide stereo viewing for more viewers. Some modification of the optical arrangement can also allow for tracking in distance - which will allow viewers to move in a substantial volume without loosing the 3D.

Fig.6 Display arrangement for 2 independently mobile viewers

5. Status of our w ork

This technologyis covered b yinternational patents, we have made three demonstrators, the first is based on a VGA resolution 8 inch TFT LCD. The second on a 10 inch S-VGA TFT

LCD from Toshiba (pictured in fig.7). The third requires more work, it is based on a 13.3 inch Hitachi XGA resolution S-TFT LCD. is is provided with a head tracker and can demonstrate continuous parallax imager y.

Fig.7 Experimental holographic autostereoscopic display #2 (10 inch, S-VGA)

6. Acknow ledgements

The authors would like to thank Dr.Robin Hollands for assistance with the mechanism and electronics to control the light source position and Martin Robinson of Themekit Ltd. for the integration of computer control of the light position and adaptation of Mindformer to provide real time perspective updating.