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ABSTRACT
        
  	A virtual retinal display (VRD), also known as a retinal scan display (RSD) or retinal projector (RP), is a display technology that draws a raster display (like a television) directly onto the retina of the eye. The displayed image is scanned onto the viewer’s retina using low-power red, green, and blue light sources.

              The VRD was invented at the University of Washington in the Human Interface Technology Lab (HIT) in 1991. The development began in November 1993. The aim was to produce a full COLOUR, wide field-of-view, high resolution, high brightness, low cost virtual display. Microvision Inc. has the exclusive license to commercialize the VRD technology. This technology has many potential applications, from head-mounted displays (HMDs) for military/aerospace applications to medical society. Microvision’s proprietary miniaturized scanner designs make VRD system very well suited for head-mounted displays

The VRD projects a modulated beam of light (from an electronic source) directly onto the retina of the eye producing a rasterized image. The viewer has the illusion of seeing the source image as if he/she stands two feet away in front of a 14-inch monitor. In reality, the image is on the retina of its eye and not on a screen. The quality of the image he/she sees is excellent with stereo view, full COLOUR, wide field of view, no flickering characteristics.
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CHAPTER 1
INTRODUCTION

The virtual retinal display (VRD) is a display technology which scans modulated laser light on the retina of viewer's eye to create an image. The viewer has perception of standing just in front of high resolution screen or projector but in reality image is on the retina of his eye and not on the screen. The VRD is a device that scans an image, one pixel at a time just like ordinary CRT. The VRD takes video signals from a graphics card or video camera as a input, than these signals are used to modulate light according to the intensity of pixel from light source which can be laser diode, gas lasers or Light emitting diodes. The light is than multiplexed to an optical fiber which transports this light to the scanning assembly, the scanner scans the input light on viewer's retina using horizontal and vertical scanning subsystem in a periodic manner. The output is an image with excellent quality in means of high resolution with no flickering.
 This small report describes how VRD works and what are its advantages to its other rival displays technologies and some diversified nature of applications has also been presented.



















CHAPTER 2
WHY VRD’S

The CRTs has been the primary active display device for the presentation of entertainment and information. There is much work to supplant the CRT with the lighter and smaller flat panel display which consist of liquid crystal (LCDs), plasma and other technologies. All of these have the common principal that an image that is generated electronically is viewed with the optical system of the eye. The image you see is subject not only to the quality of the optical system of the eye, but also to the quality of the display and the environment in which the display is located.
What if you could bypass defects in the eye's optical system, such as damaged cornea and lens and reduced retinal sensitivity? What if you could remove the problems of the display environment, such as ambient brightness, angle-of-view and display brightness? What if you could naturally augment the image you see naturally with other information?
This is the promise of a new display device called the Virtual Retinal Display or VRDs.
Although the VRD is an input device, the technology lends itself to augmentation with eye tracking or eye gaze systems for output. Eye tracking is currently used in advanced still and video cameras for focusing on the object you wish to record. Coordinating augmented visuals from the VRD and real world scenes with eye tracking is an exciting I/O combination.
This approach produces several advantages over conventional display devices:
· Potentially very small and lightweight, glasses mountable
· Large field and angle of view, greater than 120 degrees
· High resolution, approaching that of human vision
· Full color with better potential color resolution than conventional displays
· Brightness and contrast ratio sufficient for outdoor use
· True stereo 3D display with depth modulation
· Fully inclusive or see through
· Bypasses many of the eye's optical and retinal defects








CHAPTER 3
HOW WE PERCEIVE IMAGE

A brief overview of human visual system is presented here in order to better understand how VRD works.

2.1 Retina
A multi-layered sheet of nerve cells at the back of each eye which converts light signals to electrical signals by performing a chemical reaction. The electric signals are transmitted to brain through the optic nerves.

2.2 Photoreceptor
Photoreceptors are the nerve cells in the retina which emit electrical signals when activated by light of particular wavelength. There are two types of photoreceptors cells. Rods, which are responsible for low light perception and Cones which are used to perceive colour and bright light.

2.3 Macula
The macula is located roughly in the centre of the retina. It is a small and highly sensitive part of the retina responsible for detailed central vision. The fovea is the very centre of the macula. The macula allows us to appreciate detail and perform tasks that require central vision such reading.

 [image: ]                                                   [image: ]
Fig. 1 _ Macula view in eye                                                     Fig. 2 _ Fovea view in Macula

2.4 Fovea
The fovea is the centre most part of the macula and contains very large number of densely packed cones. This tiny area is responsible for our central, sharpest vision. A healthy fovea is key for reading, watching television, driving, and other activities that require the ability to see detail. It is because of very high concentration of the cones (photoreceptors responsible for COLOUR vision) which allow us to appreciate colour.

CHAPTER 4
HISTORY
[bookmark: _GoBack]
The VRD was invented by Kazuo Yoshinaka of Nippon Electric Co. in 1986. [2] Later work at the University of Washington in the Human Interface Technology Lab resulted in a similar system in 1991. Most of the research into VRDs to date has been in combination with various virtual reality systems. In this role VRDs have the potential advantage of being much smaller than existing television-based systems. They share some of the same disadvantages however, requiring some sort of optics to send the image into the eye, typically similar to the sunglasses system used with previous technologies. It also can be used as part of a wearable computer system.
In the past, similar systems have been made by projecting a defocused image directly in front of the user's eye on a small "screen", normally in the form of large glasses. The user focused their eyes on the background, where the screen appeared to be floating. The disadvantage of these systems was the limited area covered by the "screen", the high weight of the small televisions used to project the display, and the fact that the image would appear focused only if the user was focusing at a particular "depth". Limited brightness made them useful only in indoor settings as well.
Only recently a number of developments have made a true VRD system practical. In particular the development of high-brightness LEDs have made the displays bright enough to be used during the day and adaptive optics have allowed systems to dynamically correct for irregularities in the eye (although this is not always needed). The result is a high-resolution screen less display with excellent color gamut and brightness, far better than the best television technologies.

More recently, there has been some interest in VRDs as a display system for portable devices such as cell phones, PDAs and various media players. In this role the device would be placed in front of the user, perhaps on a desk, and aimed in the general direction of the eyes. The system would then detect the eye using facial scanning techniques and keep the image in place using motion compensation. In this role the VRD offers unique advantages, being able to replicate a full-sized monitor on a small device.

THE VRD GROUP AND RESEARCH

The Virtual Retinal Display (VRD) team has been focused on developing improvements to the current prototype systems and on creating the parts needed for future prototypes. The VRD, based on the concept of scanning an image directly on the retina of the vi ewer's eye, was invented at the HIT Lab in 1991. The development program began in November 1993 with the goal of producing a full color, wide field-of-view, high resolution, high brightness, and low cost virtual display. 

Two prototype systems are currently being demonstrated. The first is a bench-mounted unit that displays a full color, VGA (640 by 480) resolution image updated at 60 Hertz. It operates in either an inclusive or see-through mode. The second is a portable u nit, displaying a monochrome, VGA resolution image. The portable system is housed in a briefcase allowing for system demonstrations at remote locations (see photo above). 

Techniques that expand the system's exit pupil, making it easier to align one's eye to the display, have been developed and demonstrated for a monochrome display. Work is continuing to optimize the design and to develop components that will expand the pupil of the color system. 

The largest component in the portable system is the commercially purchased vertical (60 Hertz) scanner. A new vertical scanner is being designed that should significantly decrease devices size and cost. Once this design is complete a head-mounted demonstr ation prototype will be assembled. 
Commercial applications of the VRD are being developed at Microvision Inc. 
















CHAPTER 5
Virtual Retinal Display: Technology Overview

The Virtual Retinal Display (VRD) is developed to overcome and solve many of the limitations of image quality, weight, and cost problems associated with current head mounted display technology. The VRD is a major advancement of the scanning laser ophthalmoscope (SLO) technology i-e scanning modulated laser light directly onto the viewer's retina to create flicker free high-resolution images. The clear advantages of VRD over other available HMD are higher resolution, increased luminance and potentially wider field-of-view.
The VRD uses video signals from a graphics board or a video camera to modulate low power coherent light from red, green and blue photon sources such as gas lasers, laser diodes and/or light emitting diodes. The modulated light is then combined and piped through a single mode optical fibre. A mechanical resonant scanner and galvanometer mirror then scan the photon stream from the fibre in two dimensions through reflective elements and semi-transparent combiner such that a raster of light is imaged on the retina. The pixels produced on the retina have no persistence, yet they create the perception of a brilliant full colour, and flicker free virtual image. The VRD exploits the visual property of human vision system to generate the perception of image. Unlike CRT monitors, the VRD has no phosphorus persistence but, depends on the light-gathering properties of the photoreceptors and the temporal integration properties of the visual system. 
The time each pixel is projected onto the retina is very small (30-40ns exactly). The pixel information is transmitted to the brain in form of electric signals by the photoreceptors. It is brain which collects all the information about each pixel of image in form of electric signals from the photoreceptor and generates the perception of a image. And because of this property, there is no flickering present in VRD based displays. Furthermore, the VRD has one more important property that it consumes very little amount of energy with ability of producing images with sufficient brightness for outdoor usage by providing a wider field of view.  It was early decade of 80's that Webb [2] used the process of scanning laser light on the retina to implement the first Scanning Laser Ophthalmo-scope SLO. In the SLO a raster pattern is scanned on that part of the retina the operator wishes to view. In this application, the scanned laser light was not intentionally used to create images, but it was used as a method to receive sufficient amounts of reflected light back from the retina through the optics of the eye. The intensity of the reflected light from the retina was used to modulate a synchronized video signal, allowing an image of the retina to be displayed. Normally, the experiments were performed using undulated light to obtain the images of retina. But, Webb noted that when the optical beam was modulated by a video source, the user perceived an image.
At that time, the images generated were crude, of low quality, and flickered. So a large amount of improvements was required in order to have a system capable of producing images with high quality. The research was carried out to find a system capable of displaying high quality colour images and result was Virtual Retinal Display.
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CHAPTER 6
SYSTEM DESCRIPTION


The VRD is comprised of six basic parts: video source, control and drive electronics, photon sources, modulation devices, horizontal and vertical beam scanning, and delivery optics as shown in the Figure 3.


[image: ]

Fig. 3 _ Block Diagram of VRD


4.1 Video Source

Input source for the VRD is like all other display is either from VGA card of a PC or from Video camera.

4.2 Control and Drive Electronics

The control and drive electronics for the VRD store the incoming video signals and controls the acousto-optic modulators that encode the image data into the pulse stream. The colour combiner multiplexes the individually modulated red, green, and blue beams to produce a serial stream of pixels, which is launched into a single mode optical Fibre to propagate to the scanner assembly. The drive electronics receive and process an incoming video signal, provide image compensation, and control image display. For VGA projection, the electronics process over 18 Mpix/s. The virtual retinal display is capable of providing UXGA resolution of 1600 x 1200 or 115 Mpix/reorder alternating lines of the video stream. In addition, the drive and control electronics control the phasing of the image, and overall system timing.

4.3 Light source

The light sources in the VRD are typically lasers though it is possible to use LEDs in limited applications. A single red laser diode having wavelength of 65O (nm)is used to provide a monochrome display. A blue argon laser (488nm), which produces blue lines and a helium-neon green laser (488nm) are used for the creation of a full colour display. Systems designed for indoor use can incorporate LEDs red, blue, and green devices currently under development for such systems are being tested. Generally, the energy levels are on the order of Nano watts to mill watts, depending on display requirements. Each colour light must be individually modulated such that its intensity matches that of the image pixel being drawn. The Control and Drive electronics directly modulate the laser diode. The argon gas laser cannot be directly modulated at video rates. Therefore, an external acousto-optic modulator (AOM) performs the modulation for each of the argon's colours. For the full COLOUR system the modulated light from all lasers is combined into a single beam and injected into an optical fibre, which runs to the scanner assembly. The safety issue regarding using the VRD is discussed later.

4.4 Scanner assembly

The modulated beam received from optical fibre is then scanned to place each image pixel at the proper position on the retina. A variety of scan patterns are possible. The scanner could be used in a calligraphic mode, in which the lines that form the image are drawn directly, or in a raster mode, much like standard computer monitors or television. Our development focuses on the raster method of scanning an image and allows the VRD to be driven by standard video sources. To draw the raster, a horizontal scanner moves the beam to draw a row of pixels. A vertical scanner then moves the beam to the next line where another row of pixels is drawn. The scan rate can be determined by multiplying the number of lines in the display by the refresh rate of the display. For example a interlaced video which contains 525 lines that are refreshed 30 times per second resulting in a horizontal scanning frequency of 15,750 Hertz. 
	The field-of-view or image size seen by the user is directly related to the angle through which the optical beam is scanned. The scan angle for the faster horizontal scan is not likely to match the total angular field-of-view desired for the display. An optical system must therefore be used to magnify the scan angle. The most important part of research in VRD was to find a scanner which can scan at high frequencies to provide high resolution and also having the property of wider view of angle. The result of this research was Mechanical resonant scanner which is used for horizontal scanning and have the operating frequency in the range of 15.75KHz -18.9KHz .The MRS has many unique features, foremost among these is the fact that the device has neither a moving magnetnor a moving coil. Instead, it uses a flux circuit whose only moving part is the torsional spring/mirror combination (mirror size= 3mm x 6mm). Eliminating moving coils or magnets greatly lowers the rotational inertia of the device, thus raising the potential operating frequency. Currently MRS are available which can support display up to 800 display lines at a 60 Hz refresh rate.
The vertical scanning is accomplished using a galvanometer with a second mirror. The galvanometer frequency is controlled by the control and drive electronics to match the 60Hz video frame rate. The galvanometer and horizontal scanner are arranged in what is believed to be a novel configuration such that the horizontal scan is multiplied because of increase in the optical scan angle. The scanners are arranged, such that the beam entering the scanner assembly first strikes the horizontal scanner then strikes the vertical scanner and then leaves the scanner assembly and enters into pupil expander Figure 4.
In order to achieve high resolution images by generating high scan rates. These days research is directed towards developing MEMS (micro electromechanical system)-based full image scanner capable of bi-directional scanning using just one millimetre-sized mirror. By using MEMS researcher will be also able to eliminate the potential for "dead" pixels due to inoperative mirror elements.
. 
4.5 Pupil expander

Nominally the entire image would be contained in an area of 2×2mm. The exit-pupil expander (not shown in Figure 3) is an optical device that increases the natural output angle of the image and enlarges it up to 18 mm on a side for ease of viewing. The raster image created by the horizontal and vertical scanners passes through the pupil expander and on to the viewer optics.

[image: ]
Fig. 4 _ Scanners Assembly For The VRD




4.6 Viewer optics

The viewing optics, or the optics through which the user sees the intended image. It contains an exit-pupil with which viewer align his eye in order to see the generated image. One important property of VRD is to generate images with the ability to see through i-e image is superimposed on the physical world view thus giving an augmented vision. This property is achieved by controlling the intensity of output image by using a beam splitter in the viewer optics. The convergent tri-COLOUR beams emanating from the scanner pass (partially) through a beam splitter. The beam splitter is a 2mm thick parallel plate beam splitter which on one side is coated such that 40% of any light striking it is reflected and 60% is transmitted while on the other side beam splitter contain anti-reflection coating to avoid double reflections. On first pass, 60% of the energy in the scan is transmitted through the beam splitter to a concave spherical mirror. The mirror also collimates the individual ray bundles which are focused at the focal point of the mirror. The ray bundles now reflect of the mirror onto the beam splitter and finally reflected to viewer's eye by passing through exit pupil as shown in Figure 5.


[image: ]
Fig. 5 _ Schematic of Viewer optics of VRD



CHAPTER 7

VRD with Eye Tracking

A viewer wearing a head-mounted virtual retinal display typically moves their eye as they look at images being displayed. In VRD with eye tracking, the direction the viewer looks is tracked with the display. Prior to tracking, a map of the viewer's eye is generated by the display. The map includes `landmarks` such as the viewer's optic nerve, fovea(see Section :2), and blood vessels. Thereafter, the relative position of one or more landmarks is used to track the viewing direction usually it is fovea whose relative position is measured to track the eye position. To generate a map, and thereafter to monitor viewing direction, light reflected of the viewer's retina is monitored.
The light reflected from the viewer's eye travels back into exit pupil and by passing through pupil expander it reaches to beam splitter within the retinal display device. The beam splitter reflects the incoming light from the pupil expander towards a photodectecor which samples the incoming light. Thus, the beam splitter passes light which is incident in one direction (e.g., light from the light source) and deflects light which is incident in the opposite direction (e.g., reflected light from the viewer's eye).
The content of the reflected light will vary depending upon the image light projected and the features of the viewer's retina. During the initial mapping stage, the content of the image light (light scanner scans) can be fixed at a constant intensity, so that the content of the reflected light is related only to the feature's (i.e. Landmarks) of the retina. The changing content of the reflected light is sampled at a sampling rate and stored. The scanner position at the time of each sample is used to correlate a position of the sample. The relative position and the content represent a map of the viewer's retina, According to another specification of this system, a specific feature of the retina (e.g., fovea position) is monitored over time to track where the viewer is looking (i.e., the viewer's centre of vision). The landmarks in the retina which correspond to such feature will cause the reflected light to exhibit an expected pattern. The relative position of such pattern in the reflected light will vary according to the viewing direction. By identifying the pattern and correlating the relative orientation of the pattern to the orientation of the corresponding feature in the map, the change in viewing direction is determined.
In various applications, such position indication is used as a pointing device or is used to determine image content. For example, as a pointing device the fovea position indicates pointer position. A blink of the eye for example, corresponds to actuating a pointing device (e.g., "clicking"a computer mouse.) Also the map of the viewer's retina can be stored and used for purposes of viewer identification. In a security application for example, a viewer is denied access to information or denied operation of a computer or display when the viewer's retina does not correlate to a previously stored map of an authorized user. Here the whole process of tracking viewer's eye in VRD has been summarized in a systematic manner.
Tracking a Viewer's Eye Position
In order to track viewer' eye the following methodology is adopted.
· The map of viewer retina is obtained by asking from the user to see in a particular direction generally straight direction is taken, and then by capturing the reflected light from the viewer's retina. The scan light used for obtaining map of retina can be non-modulated or modulated. In modulated case some post processing is performed to obtain the map of retina.
· Once the map of retina is obtained, than it is used to track viewer's eye position. The location of the viewer's fovea within a map at a given point in time is taken as the direction in which the viewer is looking. The amount the fovea has moved left of centre and upward of centre determines the degree that the viewer is looking right of centre and upward, respectively. Precise angles can be achieved for the viewing angle based upon the location of the fovea. In another technique rather than monitoring relative change in orientation of the fovea, the location of the fovea within the current scanning pattern is identified. The processor (which takes input from the photodetector) uses the position of the fovea to identify a group of pixels that the viewer is focusing on. The identification of the group of pixels determines a viewing orientation within the current field of view. By correlating the viewing orientation to workspace or external environment large number of applications can be realized.









CHAPTER 8
SAFETY ANALYSIS
In order to make the VRD a safer industrial product its safety analysis was performed. Maximum Permissible Exposures (MPE) was calculated for the VRD in both normal viewing and possible failure modes. The MPE is a level of exposure or irradiance of laser light which can be thought of as the theoretical border between safe and potentially harmful. The MPE power levels were compared to the measured power that enters the eye while viewing images with the VRD. 
For calculation of MPE different laser sources were assume and after that most conservative values were chosen. The authors done the analysis for colour VGA system with 640 X 480 configurations, by considering the following parameters of systems, sweep time for each pixel was considered 40sec and system scanning frequency was considered equal to 60Hz. An 8 hour exposure was assumed based on a working day for a user who would be wearing and viewing the display continuously. Authors used ANSI Z136.1 standard for their worst case analysis for laser exposure in visible range with in the range of 400-550 nanometre wavelength while for calculation of range 500 to 700 nanometre the calculation done for the 400-550nanometer was multiplied with an correction factor CB having value greater than one.
The MPE values calculated for different sources are summarized in Table: 1. all values listed are in watt. The output power of the traditional VRD is in range of 100-300watt.

[image: ]

Tab. 1 _ MPE For Different Sources

As it can be clearly seen that all MPE's values calculated for different laser sources are well above the range of power values calculated for the VRD light source , which makes VRD a safe device to use. The worst case considered is that when both the horizontal and vertical beam controllers got failed, than one spot of the retina will be exposed to the whole output of the laser system. For this case only laser having the continuous wave output was considered. The power calculated for this case is 0.98×10−3watts. The MPE's values shown in the Table: 2 are calculated when viewer's retina is exposed to laser with continuous wave for 2.78 hours after the scanner assembly failure.
Once again the power value calculated for VRD is well above those (MPE's) values which are presented in the Table: 2 as a function of wavelength.

[image: ]

Tab. 2 _ MPE Values as a Function of Wavelength in case of Scanner Failure


















CHAPTER 9
ADVANTAGES OF VRD

The VRD is able to provide several major advantages over current display technologies : colour range, resolution, luminance and viewing modes, contrast ratio, power consumption and cost.
 
1. Colour Range :

The range of hues that can be produced by the VRD is significantly greater as compared to those which can be produced by CRTs and FPDs (Flat Panel displays). CRTs and miniature FPDs are able to reflect only a portion of the total palette of colours visible to the human eye, and are limited in the degree of saturation they can achieve. Because red (645 nm), green (513 nm) and blue (457 nm) light sources used in VRD technology emit highly saturated, pure colour, the VRD can produce a range of possible colours and colour fidelity superior to other available electronic display technologies.

2. Resolution :

The current VRD can produces 800X600 SVGA resolution (monochrome) images. Its resolution is limited only by diffraction and optical aberrations in the light source. It is not constrained as in the case of FPDs by how physically small one can make an individual pixel element.

3. Luminance and Viewing Modes :

The amount of energy incident at the corneal surface can be varied in the range of 60nW to 300nW. This flexibility in the range of intensity allows to produce images in varying environments as compared to conventional electronic displays which do not emit (or transmit) substantial amounts of light energy. As a result, they are primarily used in controlled lighting environments, and it is difficult to see them under bright ambient light conditions such as exist outdoors.
Generally, the VRD can be used in two viewing modes, occluded or augmented. In the occluded mode, the outside environment is not visible and only images generated by the VRD can be seen. In the augmented mode, the VRD can overlay an image on the real world allowing both to be seen at the same time. In the augmented mode, the VRD luminance can be controlled to allow the user to see an image even under outside ambient light conditions.

4. Contrast Ratio :

The brightness of the VRD can be increased to very high levels or decreased to minimal levels as already explained. As a result, its contrast ratio is inherently high and far greater than that of standard flat panel displays or even conventional CRT monitors. As a result of this greater range, the VRD's contrast ratio is inherently higher.

5. Power Consumption :

Conventional displays do not efficiently convert electrical energy into light energy. Both backlit FPDs and CRTs draw substantial power to produce radiant energy. As a result because most of their energy input is wasted their brightness is relatively low. In addition, they are among the biggest battery consumers in portable devices that use them. VRD technology, by contrast, conveys virtually all of its generated light onto the retina, allowing a brighter display with minimum power requirements (based on laser emitting diode).


6. Cost :

As already described the basic design of the VRD consists of subsystems that are very simple in their design and largely make use of established optical and electronic technologies, so the VRD devices will be able to mass-produce at very low cost as compared to the other available display technologies of today.

CHAPTER 10
APPLICATIONS OF VRD

1. Low vision aid: Low vision is a common condition in modern society in which visual acuity has been reduced and is uncorrectable using glasses or contact lenses. . People with low vision are not completely blind, but many are unable to hold a driver’s license and have a great deal of difficulty reading or watching television. Possible causes include damage to the retina - central or peripheral field degradation - and damage to the optical pathway - corneal damage/malformation or lens damage. Special characteristics of the VRD that make it ideal for the partially sighted are:
a) the brightest images of any display technology
b) images are at high contrast across the full colour scale
c) small exit pupil, less than one millimetre diameter, allowing the scanned image to avoid damaged regions of the eye
d) small beam diameter of the VRD creating a large depth of focus making the projected image less sensitive to the optical aberrations of the eye
e) reduced glare from the more directed and narrow laser light of the projected image
f) no need for a large physical screen, creating the possibility for a wearable low vision aid
[image: ]






2. Interactive VRD :

Currently the research work is aimed at designing and developing of an interactive VRD for army pilots. As mentioned VRD is the only display technology that has sufficient luminance to be used as an augmented display over the pilot's real world view in bright sunlight. The goal is to develop the augmented image as interactive display (Figure: 7). Goals of the IVRD project are as follows:

· Superimpose high luminance colour images over the pilot's real world view
· Measure instantaneous location of the augmented image in the real world view,
· Measure gaze direction, eye, and possibly hand position within the augmented image,
· Display sensor data from 360 degrees within a limited field-or-view,
· augmented image,


[image: ]



3. Surgery
Surgery to remove a cancerous growth requires knowledge of the growth's location. Computed tomographic or magnetic resonant images can locate a tumour inside a patient. A high luminance see-through display, such as the VRD, in conjunction with head tracking, could indicate visually where a tumour lies in the body cavity. In the case that a tumour lies hidden behind, say, an organ, the tumour location and a depth indicator could be visually laid over the obstructing organ. An application in surgery for any display would clearly require accurate and reliable head tracking.

4. Manufacturing

The same characteristics that make the VRD suitable for medical applications, high luminance and high resolution; make it also very suitable for a manufacturing environment. In similar fashion to a surgery, a factory worker can use a high luminance display, in conjunction with head tracking, to obtain visual information on part or placement locations. Drawings and blueprints could also be more easily brought to a factory floor if done electronically to a Virtual Retinal Display (with the option of see-through mode). Operator interface terminals on factory floors relay information about machines and processes to workers and engineers. Thermocouple temperatures, alarms, and valve positions are just a few examples of the kind of information displayed on operator interface terminals. Eyeglass type see-through Virtual Retinal Displays could replace operator interface terminals. A high luminance eyeglass display would make the factory workers and engineers more mobile on the factory floor as they could be independent of the interface terminal location.

5. Communications

The compact and light weight nature of the mechanical resonant scanner (MRS) make an MRS based VRD an excellent display for personal communication. A hand held monochrome VRD could serve as a personal video pager or as a video FAX device. The display could potentially couple to a telephone. The combination of telephone services and video capability would constitute a full service personal communication device.

6. Virtual Reality
The traditional helmet display is an integral part of virtual reality today. The VRD will be adapted for this application. It can then be used for educational and architectural applications in virtual reality as well as long distance virtual conference communications. Indeed it can be utilized in all applications of virtual reality. The theoretical limits of the display, which are essentially the limits of the eye, make it a promising technology for the future in virtual reality HMD's.



  7.      Augmented Reality.
One of the leading applications for the VRD will be augmented vision and augmented reality. Because of the bright images that can be produced by the VRD it will be possible to use it in conditions as bright as ambient daylight. No current displays technology can produce a portable image this bright. In augmented reality applications, images from the display are overlaid on the real world for task enhancement. In augmented vision the images move with the subject's head. In augmented reality, the images are held in registration with the real world as the subject moves. For example, in an augmented reality application, a worker could see an instruction manual or diagram overlaid on a part that is being repaired. Another use would be for people working in environments with poor lighting conditions. The real world image could be enhanced electronically and presented for better viewing with the VRD. In the elderly, opacities in the optical media of the eyes increase glare as they view objects in sunlight or lighting conditions for night. The VRD could be used to image the world and then display it without the glare. Understanding of how the perception of images from the VRD interact with images from the real world is crucial for these applications. The test set ups for the beam characterization studies and color perception studies will be ideal for augmented reality tests. In these tests the VRD will produce images that will be superimposed on real world textures and backgrounds in a series of lighting conditions. The same image quality tests acuity, contrast, color and saturation discrimination will be performed while viewing the images with various backgrounds. The beam intensity will be varied by the subject to maximize viewing quality. Beam characteristics and color sources will be reconfigured to maximize color contrast and hue matching with real world objects.















CHAPTER 11
FUTURE SCOPE

· When cost of production falls further, we will see VRDs fulfilling many functions and Applications, and may perhaps see a time where they become ubiquitous in the more distant future.
· Future systems will be even more compact with the advent of MEMS (Micro Electro Mechanical System) scanners, miniature laser diodes and application specific IC technology.
· Another key development to come is the advent of Augmented Reality display systems to assist people in their various tasks.





















CHAPTER 12

CONCLUSION

In this small report, i have tried to summarize the research work which span over last 20 years and which continue to discover new bounds in the thrust of more Improvements in the VRD. Certainly it can be said that in the long term the VRD can pose strong challenges to its rival displays, but still large amount of work is left to be done. eg.till now devices have been produced commercially which also have their limitations in term of resolution. The colour VRD has been successfully tested in the labs but still it hasn’t appeared in the market because of limitation of its size. These
days research is directed towards to develop a MEMS (Mechanical Electro Mechanical System) based bidirectional beam scanner having the capability of scanning in both horizontal and vertical direction along with very high scan rate. Also some research part is directed to find algorithms and techniques for interactive VRD which includes head tracking system, stereo system for VRD to have 3D images. Still it requires more detailed analysis to check the safety bounds of VRD, because long term usage of the VRD can be fatal for eyes.
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