Multimedia:  3D displays (v2_4)
At a glance
· Adding the third dimension to displayed images can aid understanding and improve appreciation of virtual objects and environments.
· Producing a 'true' perception of depth requires a stereoscopic display system that creates unique images for each eye.

· Many systems require additional hardware for each viewer, such as polarised glasses or shutter glasses. 'Autosteroscopic' displays do not require glasses but viewing angles or positions may be limited in some systems.
· There are few agreed standards governing creation, transmission or display of 3D imagery. Many systems are proprietary.

· 3D content creation requires specialist recording hardware or powerful 3D software (such as CAD systems and games). Prepared 3D content is limited, especially outside the entertainment industry. Systems to convert 2D content to 3D are beginning to be used.

Introduction

Images on screens are two dimensional, although clever use of perspective, shadows and others artefacts can give the sense of a third dimension in 'first person shooter' games and other three dimensional (3D) applications. To create a 'true' third dimension, it is necessary to account for the way that a pair of human eyes produces slightly differing views on any scene.
3D applications

In addition to games and other entertainment systems, there is a wide range of professional applications that could use 3D displays: many design projects benefit from visualising objects in 3D; mapping and landscape analysis are enhanced with 3D; microsurgery can be much more effective when the surgeon can control devices using a 3D view; new systems are emerging (as seen in the Data Forest project at Reading University) for visualising data in three dimensions; military personnel can experience more realistic virtual combat exercises; and scientists can model molecular structures in 3D.
Many existing applications use simulated 3D, so that the viewer can zoom in or pan around an object as though it were in three dimensions but, without some form of stereoscopic 3D display, the user cannot get a true impression of depth and the relative position of objects. Systems from NTT, Immersion Corporation and others use special gloves with embedded haptics devices, which produce vibration or other tactile feedback, to add the impression of touching a displayed object.
One example of use in education is GCSE students near Hull using the university's Hull Immersive Visualization Environment (HIVE) to see the outcomes of their engineering projects in 3D and carry out more realistic evaluations of their designs with an engineer from BAE Systems, who was acting as their 'client'.  Designs were created in a CAD system and exported as Virtual Reality Markup Language (VRML), suited for import into HIVE. Year 6 pupils from local primary schools also explored the results of slicing virtual 3D solid shapes.
3D principles
The eyes of an adult are spaced about 2.5 inches (6.2 cm) apart, giving each a slightly different view on the world. The brain largely uses 'parallax', the differing angles of light travelling to each eye and relative movement of objects, to determine the positions of the parts of a scene. Other cues include focal length, depth of field, shadows and judgements about perspective based on knowledge of the relative sizes of common objects. Stereoscopic displays provide slightly different views of a scene to each eye, which the brain then merges into a single 3D image. Vendors of 3D systems include Kodak, Hitachi, NEC, Philips, Samsung, Sanyo, Sharp and Toshiba, among others.
Johnny Chung Lee, a researcher at Carnegie Mellon University, has produced software that tracks head movement so that the display can be  updated in order to give a truer sense of the relative positions of objects. This system can only work for a single user as the projected image depends entirely on the position of the viewer.
Creating a 3D image which can be viewed by many people, as opposed to single-user head-mounted displays, requires some form of 'dual' display that gives each eye its own view. There are five main approaches.
Anaglyphic images
Some of the earliest systems involved wearing red/blue 'anaglyphic' glasses. The projected image simultaneously displays the correct view for each eye, one in a red tone and the other using blue or cyan. The red lens in front of (say) the left eye prevents it seeing the image intended for the right eye by filtering out the blue objects. The brain automatically seeks to realign the red and blue images observed by each eye, creating the impression of a 3D scene. Due to the limitations of colour filters, the resultant image does not fully reproduce subtle tones.

Paper glasses with simple plastic filters are very cheap to produce, although the dominance of cyan light in controlling the eyes' ability to focus makes optically-corrected colour lenses preferable for viewing objects at short range.

Shutter glasses
The next approach displays alternating frames, intended for the left and right eyes respectively. In order to get the 3D effect, viewers must wear 'shutter glasses' synchronised to the display - each eye is alternately 'covered' under the control of a signal from the display system.
The shutters in modern glasses comprise a liquid crystal (LCD) layer rapidly flipped open using embedded microelectronics, making the cost significantly higher per viewer than using anaglyphic filters, although colours are far more accurate. (Shutter glasses cost $40-60, or more, depending on whether the control system is wireless.) Since the frame for each eye is not displayed simultaneously, this system creates greater strain on the brain as it tries to merge the images, while LCD shutters will reduce the brightness of the display.
Recent displays designed for use with shutter glasses have refresh rates of 120Hz, meaning that they can alternate the display to give a full 3D image once every sixtieth of a second. This refresh rate, which manufacturers claim is easier on the eyes than previous systems, is accepted as the minimum for most conventional displays.

Hardware for use with shutter glasses is basically the same as 2D displays - all that is required is a means to synchronise the shutters, which may be controlled by the hardware (especially in televisions) or through software and the graphics card in a PC. Samsung and Mitsubishi already distribute HD displays, which they claim are '3D ready', while Viewsonic has demonstrated a prototype 120Hz display and Panasonic launched a 3D home 'theatre' system in September 2008. Projectors are also available from companies such as Barco, InFocus (DepthQ) and Christie. 3D projectors tend to be quite expensive, but televisions at the higher end of manufacturers' ranges already have 3D capability.
Polarised glasses
Developers have also produced polarised displays: the wave patterns of light reflected from objects are normally disorganised, but polarisation causes the light waves to line up in a given plane. Manufacturers, like iZ3D, take advantage of the fact that LCD screens polarise the light that passes through them. Two liquid crystal layers are used: the first controls the brightness of each pixel in the normal manner, while the second layer 'steers' the polarised light into a plane that is either 45 or 135 degrees from the horizontal.

Users wear glasses with lenses polarised to match, so that light polarised at 45 degrees passes to the left eye and that at 135 degrees is seen by the right eye. Images are viewed simultaneously by both eyes, although the extensive use of polarisation reduces the brightness of the image. iZ3D's 22 inch monitor is $599 (£345). Although not as cheap as anaglyphic glasses, polarised lenses are much cheaper ($10) than LCD shutter glasses.
Projector systems for polarised 3D viewing are much more expensive as they need to have some form of dual beam, generally created using two projectors which must be synchronised and aligned. If not built in, or provided through software, a 'demultiplexor' is also required to split the video channels for the left and right eye. This makes polarised 3D projection expensive and, without special 'aluminised' screen to reduce scattering and depolarisation of the light, difficult to set up effectively.
Parallax barriers
A parallax barrier creates angled 'slots' that display a slightly different image to each eye; by alternating these across a display, using LCD technology to create the slots and producing an appropriate image for the pixels behind each slot, a 3D view is created. This system only works where the user is in a well-defined area, so is suited to small, single-user displays. Sharp has produce 2D/3D switchable screens for NTT DoCoMo mobile phones based on this technology.
Lenticular overlays
The final system uses small lenses in a 'lenticular' overlay across a standard display. These lenses are aligned with the pixels of the display, such that alternate pixels (or clusters) can be used for the image seen by each eye. The lens system restricts the field of view over which 3D images can be observed. This type of system, known as 'auto-stereoscopic' because the user does not need special glasses, is used in displays and overlays produced by NEC, Spatial View and others.
Other approaches

HoloVizio displays from Holografika project light from optical modules in various directions through a 'holographic screen', creating a 3D image that multiple users can view simultaneously from their own perspective. The image is rendered in such a way that background objects are not 'occluded' (covered) by those in the foreground of the display. Generating moving 3D information for such a system to display in real time would take significant processing power. Demonstration images are limited to still or very simple moving objects.
Volumetric displays

One of the greatest challenges is to create a 3D 'hologram' in open space. Such objects are not true holograms but, technically, volumetric displays. To achieve a 3D rendition there has to be a display medium, such as a spinning mirror or multiple FogScreens. (FogScreens produce a thin curtain of fine water droplets.) Volumetric displays create considerable challenges due to processing and bandwidth requirements, especially when accounting for the occlusion of different parts of an image from multiple viewpoints.

Creating 3D images

Many CAD programs and games already pass 3D information to the graphics card on a PC. To produce a stereoscopic image the graphics card calculates a second viewpoint, which it outputs as alternate frames or interleaved in the pixel pattern, or scan lines, for the display. Shutter glasses require a control signal to be generated and an appropriate output port to be available in the hardware. Both ATI and NVIDIA provide 3D facilities in many of their more recent graphic cards and drivers, although it is essential to check compatibility with the particular application and display device to be used.
New digital 3D imagery can be generated using a video camera with synchronised, paired sensor arrays. Systems, such as In-Three's IN3D, also allows 2D video to be converted into 3D content Links to manufacturers of all kinds of 3D products can be found from stereo3d.com.
Barriers to implementing 3D

The move away from anaglyphic displays and introduction of devices that use higher frame rates has helped relieve the discomfort some viewers experience with 3D systems, although the health and safety implications of prolonged use of more recent systems remains unclear. 3D displays are more expensive than 2D systems  and some have additional costs due to the need for glasses for each user; some are also limited in the number of simultaneous users and the available viewing angles. Creation, transmission and display of 3D information add to bandwidth and processing overheads.
Many aspects of 3D depend on proprietary systems for capture, synchronisation, transmission and display of 3D images, although films recorded in an alternate frame format are now quite commonly available. The Society of Motion Picture and Television Engineers (SMPTE) established a '3D Home Entertainment Task Force' in July 2008 to identify and seek to resolve many of these issues across a range of broadcast, streamed and recorded media.

Despite these issues, as the technology has improved and costs reduced, industry is trying once more to interest the public in 3D entertainment - a number of films are being released (or re-released) in 3D and broadcasters have trialed 3D television.

Conclusion
Considerable advances in hardware have brought relatively inexpensive 3D systems within reach of homeowners and education. CAD, games software, recorded 3D media, virtual reality environments, immersive applications, digital 3D images and film could all potentially benefit from 3D displays. However, outside the home entertainment industry, there is limited 'off-the-shelf' content available.
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