CHAPTER 1: The stereoscopic 3D

1.1 Introduction

In 1613 the Jesuit Francois d'Aguillion (1567-1617), in his treatise, coined the word "stéréoscopique" [1].The first practical steps to demonstrate the theory by constructing equipment for the purpose did not take place until the 1800s. Though most associate Brewster with the invention, it was Sir Charles Wheatstone who, in June 1838, gave an address to the Royal Scottish Society of Arts on the phenomena of binocular vision. In describing the equipment, he said: "I...propose that it be called a Stereoscope, to indicate its property of representing solid figures.[2]" Wheatstone's actual stereoscope is preserved at the Science Museum in London. Eleven years were to elapse before Sir David Brewster described a binocular camera, and the first stereoscopic photographs began to be produced. People have sought the realism of depth since the mid-19th century (over 150 years) as an aid to experiencing the reality of the scene they were observing. Through stereoscopic photography, people were able to experience the first Stereoscopic images, in essence, the first virtual reality tools available to humanity. Basically stereoscopic visions simulates our natural depth perception, unlike technologies that display 3D information in a flat 2D environment. Integration of these two senses enhances sense of realism. Thus by coupling force-feedback (or haptic) devices with a stereoscopic display, results in the illusion of being "inside" a virtual world, by being able to "see" and "feel" 3D virtual environment. This solution can transform the virtual environment from a flat, formless 2D experience to a more realistic and solid 3D experience. We have to understand this technology first in order to make it interactive in the digital environment. This chapter will cover on how the stereoscopic 3D works and it’s method creating and viewing it.

1.2 Definition

“What you recognize at once is the stereo image’s explosive outward flight of space. Its amazing visual suction creates an almost palpable sense of entry into the places photographed.”

                                                                     “The statements of Richard Lacayo of Time”[2]
Stereo Vision is a by product of good binocular vision, so in order to understand what is stereo vision we have to start with the definitions of binocular and binocular vision. Basically binocular means looking at an object with both eyes aim simultaneously at the same visual target, vision wherein both eyes work together as a coordinated team equally and accurately. Stereo vision means vision wherein two separate images from two eyes are successfully combined into one image in the brain. Stereo vision is an aspect of "normal" healthy vision.  First, both eyes must be accurately aimed at the same target (Binocular vision)  because the two eyes are located in different positions, Human eyes are set about two-and-a-half inches apart, so each eye sees an image slightly differently, each takes in a unique view from its own perspective. The two separate images are sent on to the brain for processing. When the two images arrive simultaneously in the back of the brain they are united into one picture. The combined picture appears three-dimensional (3-D) because it has the added depth dimension. That is stereo vision. Stereo vision gives you depth perception. There is a big different between illusion, stereoscopic and the rendered 3D images. The illusion only gives a false and deceptive perception and interpretation of an image, resulting a false impression of depth. Meanwhile the rendered 3D images on gives the sense of the depth in a 2D rendered images but the stereoscopic gives the correct image to the correct eye to interpret the images thus creating the field of depth.   

1.3 The methods of creating Stereoscopic 3D

“If total sales are the measure of popularity, then the Stereo Realist is the most popular stereo camera ever made .The Stereo Realist ushered in the post World War Two (WW2) revival of stereo photography.”
                                                                                                        By Ray Moxom [2]
The statement above shows the usage of cameras in creating stereoscopic images in the early days of the creation of stereoscopic. There are many ways to create these stereoscopic 3D images. Camera specially made with two lenses was used to take the picture of the two different angles simultaneously for the both eyes. These images are later combined using specially created devices. The movies are also made with the same ways whereby the scene will be shot using two separate cameras by considering the angle of the shot and also the distance between the camera and the scene. However, this is a very complicated process where the distance has to be considered before every shot is made. This also consume time and cost.

“VRex VR-2210 high-resolution 3D stereoscopic projection system to achieve

large screen Virtual Reality (VR) interaction with virtual worlds.                                                                                

                                                                           “Application Note by Vrex” [3]

With the creation of new digital era, this problem is solved. The scenes are no longer shot outside in the location but instead they are being created in the computer lab. The invention of 3D software such as “3D studiomax” and “Maya” along with “Lightwave” has made the process much easier. The camera is adjusted as desired and the angles are created with much more impacts compared to the ones created using the traditional methods. The creation of graphic software such as adobe Photoshop has made the process of merging the traditional two-angle picture much easier. Besides that the quality of the images is maintain and could be well stored. Customs made software are also available to produce these stereoscopic 3D. Software like Depthcharge, 3D studio image factory plus, Sdviewer are software specially used just to view images stereoscopically.

1.4 The hardware used to view stereoscopically 

“Towards the end of the show, visitors arrive at banks of computer stations where they put on 3-D goggles and sit at a screen where high quality reproductions of his stereo cards can be viewed. Visitors can spend what time they like with individual stereo scenes and scroll on to new vistas at their own speed.”
 




“The report by Richard Lacayo of Time”[4]

There are many hardware used to view images stereoscopically and most of them are synchronized with the movement or the flipping of the images on the screen. However, there are also stereoscopic images, which requires no hardware at all. Here are the lists of the hardware used to view these stereoscopic images:

A) Shutter Glass

 One of the very well known is the shutter glass. Page flipped stereoscopic images use a special feature of some video hardware to rapidly switch the monitor between the right and left images. A special pair of glasses must be used to view these images. The glasses have high-speed electronic shutters (typically made with Liquid Crystal material) which open and close coordinated with the images on the monitor. 

B) head mounted display

Line alternate stereoscopic images reformat the right and left images so that they are interleaved on a line-by-line basis. Each line alternates between the right and left image. Head mounted displays (HMD's) use this format. The advantage of using line alternate images with interlaced video is that the resulting 3D image is flicker free since very high scan rates can be reached. The images are in full color as with the page flipping method. 

C) The 3D spectacles

The anaglyph method uses color to encode the right and left image pairs. This method requires that the user wear a special pair of glasses with color filters over each eye. These glasses have a red filter over one eye and a blue or green filter over the other eye.

Most anaglyph glasses put the red filter over your left eye. There are three ways to encode an anaglyph image

· Color: Color anaglyphs try to preserve as much of the original

image color as possible. Not every image will look good as a color

anaglyph - those that do are quite spectacular. 

· Gray: Gray anaglyphs use a black and white version of the original

image. Although the color information is not preserved (as is with

the color anaglyph) the gray anaglyph is typically easier to view. 

· Pure: The pure anaglyph method converts the original image into a

pure red/blue or red/green image (depending on the type of glasses

you have). The pure method gives the best 3D effect but sacrifices

the color data and image intensity.

1.5 The usage of stereoscopic 3D

“Being a super-optimist, I can see the whole world population gradually being delighted by this new product – just imagine the transformation of the household photo album to 3D! Provided it is a good enough, this could be the item for the world to ‘tool-up’ for ; just as the invention of the motor-car was, or the refrigerator, for those items were a cure for unemployment, for trade simulation and for improving the standard and quality of life”

                                                                  SSCC newsletter article (Newsletter 42) [4]

This statement shows the growth of the popularity of the stereoscopic technology. 

There are many uses to these stereoscopic 3D, here are the list of the area this technology is used:

A) Education

Stereoscopic 3D is a powerful tool for education since people comprehend images much faster than they grasp lines of text or columns of numbers. Humans are critical to learning and Stereoscopic 3D sensory immerse environments that engage students and allow them visualize information. This helps in creating Training and simulation and Virtual classrooms.

B) Business

Stereoscopic 3D offers many improvements and inexpensive alternatives to present systems that are being used in the industry. Just some of the areas in which stereoscopic 3D is having an effect are in spreadsheets, the stock market, information management, virtual designs, and virtual prototyping. Businesses can customize the way it represents and communicates real and abstract data in order to allow employees to utilize their human talent to their maximum potential.

C) Architecture

Stereoscopic 3D offers the potential to enhance architecture by combining three-dimensional design, head-mounted displays, sound, and movement to simulate a

"Walkthrough" of a virtual space before the expensive construction on the physical structure begins. Although architects are generally good at visualizing structures

from blueprints and floor plans, their clients often are not. Walking through virtual environments provides an opportunity to test the design of buildings, interiors, and

landscaping, and to resolve misunderstandings and explore options.

D) Science

Everyday, scientists collect plenty of data to analyze in order to come up with some hypotheses. Since we live in a three-dimensional world, much of the information

comes from events that are inherently three dimensional. Stereoscopic 3D technologies give scientists new ways of data visualization; Mathematicians can see three-dimensional equations. Biologists can build 3-D models of genes. It also helps researchers to create interactive simulations of scientific phenomena.

E) Medicine

Medical professionals have access to a volume of information and data formats including MRI (magnetic resonance imaging), CAT (computerized axial topography),

EEG (electroencephalogram), ultrasound and X-rays [NILAN93]. Stereoscopic graphics and output peripherals allows users to view large amounts of information by navigating through 3D models.

F) Entertainment

Games and video presentation has existed a long time and stereoscopic 3D plays an important role in enhancing the video and games. The video presentation at Genting Highlands and at Sunway pyramid is an example of entertainment based on this technology. In games, it creates a stronger feeling to the user of being at the presence of the situation.

1.6 Methods of viewing stereoscopic 3D

There are several methods in viewing these stereoscopic images depending on the way it is created and it function and the usage of the hardware, here are those:

A) STEREOGRAM

Stereograms are images that at first appear no more than random patterns or dots. When you relax your eyes and stare at the images for a while, 3D images appear. The basic principle behind a stereogram depends on the ability for a person to merge

multiple objects into one. The concept behind the creation of the stereogram is called eye dominance. Figure 1 shows an example of stereogram.
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Figure 1: An image of stereogram

B) CROSS-EYE VIEW METHOD

For the Cross-eye view method, the right and left images are displayed side by side. To view a Cross-eye stereoscopic image pair, viewer must cross their eyes so that the right eye sees the right image at the same time the left eye sees the left image. The image in the center will be in stereo. The images to either side will not be in stereo.

C) PARALLEL VIEW

The parallel view method (sometimes called relaxed viewing or free view method), Displays the right and left image in a side by side fashion. The right image is on the right and the left image is on the left. This style of viewing requires no hardware to view.

D) PAGE FLIPPED METHODS WITH SHUTTER GLASSES

When the left image is on the screen the left shutter is open and the right shutter is closed which allows the image to be viewed by your left eye only. When the right image is on the screen the right shutter is open and the left shutter is closed. If this process happens at a very rapid rate, your brain thinks it is seeing a true stereoscopic image. If this shuttering speed is not fast enough, you can still see a stereoscopic image, but you may also see some flickering.

E) LINE ALTERNATE METHODS FOR SHUTTER GLASS AND HEAD MOUNTED DISPLAY

Line alternate stereoscopic images reformat the right and left images so that they are interleaved on a line-by-line basis. Each line alternates between the right and left image. The advantage of using line alternate images with interlaced video is that the resulting 3D image is flicker free since very high scan rates can be reached. The images are in full color as with the page flipping method.

F) SQUISHED SIDE BY SIDE METHOD FOR LENTICULAR DISPLAY

Some more expensive viewing systems utilize lens arrays to help guide the right and left images into the correct eye of the viewer. These systems typically do not require the use of glasses and are classified as autostereoscopic displays. Current autostereo displays use a squished side-by-side format. The draw back to an autostereo display is that the viewers

head must be in a specific location in order to view the image. If the head is not in the correct location, a 3D image will not be seen.

G) Pulfrich effect

It was found that if an object or an image is continually spinning or if the camera is moving to the left or right, a 3D effect can be achieved by covering one eye with a dark filter and leaving the other eye free.

H) ANALAGPHY METHOD

The anaglyph method uses color to encode the right and left image pairs. This method requires that the user wear a special pair of glasses with color filters over each eye. These glasses have a red filter over one eye and a blue or green filter over the other eye. Most anaglyph glasses put the red filter over your left eye.

1.7 Summary

“The 3-D format provided an optical equivalent of manifest destiny, an invitation not only to enjoy the scene but also to take psychic possession of it.”
The report by Richard Lacayo of Time [4]

From the finding it is proven that stereoscopic technology has many uses and has many function depending on it purpose. This technology has the potential to be discovered further and to be broadening its scope of usage depending on its integration with the newfound technology such as computers and virtual reality. The main advantage of this technology is the attraction of capturing people’s interest of being able to see things stereoscopically rather than just a simple flat two dimensional image. This research also shows that stereoscopic 3 dimensional images requires hardware to inserted along with the computer or other devices which displays stereoscopic images, this is a major weakness for the stereoscopic technology. The users are forced to wear a headset to view and it is difficult for peoples with spectacles. Besides that a developer who intends to develop this technology has to choose on the method he is going to display his product because there are more than one ways to view the stereoscopic images. 
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