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(57) ABSTRACT 

Methods, devices and systems are provided Which produce 
a synthesized stereoscopic image of a source image by 
forming at least tWo images from a source image Where at 
least one image has been modi?ed relative to the source 
image such that the images have a different spacial appear 
ance than each other. A Wide variety of modi?cations may be 
made to the source object in order to form modi?ed stereo 
images. These modi?cations may involve modifying one or 
more images relative to the source image. For example, at 
least one image may be magni?ed, reduced, or rotated in the 
X, Y and/or Z plane relative to the source image. Alterna 
tively or in addition, the position of one or more elements of 
one of the images may also be changed relative to the source 
image. Alternatively or in addition, at least one of the images 
may be transformed relative to the source image using a 
function Which alters the position of elements of the image 
along the X or Y axis relative to the source image. In one 
variation, the function is a distorting algorithm, for example 
an elliptical or aspheric distorting algorithm Which is not 
dependent on the depth information of the source image. 

61 Claims, 16 Drawing Sheets 
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METHOD FOR PRODUCING A 
SYNTHESIZED STEREOSCOPIC IMAGE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

[RELATIONSHIP TO COPENDING 
APPLICATION] RELA TED APPLI CA HONS 

This application [is a continuation-in-part of “METHOD 
AND DEVICE FOR STEREOSYNTHESIS,”] claims the 
bene?t ofpriorily 0fU.S. Provisional Application Ser. No.: 
60/024,900; ?led: Aug. 30, 1996 which is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to methods, devices and 
display systems for converting source images to synthesized 
stereoscopic images and more speci?cally for forming two 
or more images from a source image where at least one 
image of the two or more images has been modi?ed relative 
to the source image such that synthesized stereoscopic 
images are formed. 

BACKGROUND OF THE INVENTION 

Stereoscopic imagery for television and computer moni 
tors is performed by presenting a different image to each eye 
of the observer. Images for each eye may be created and 
presented electronically, electrooptically and/or purely opti 
cally such that the human observer perceives a three dimen 
sional image. Using these methods, it is possible to create 
complex three dimensional presentations which may be used 
in a wide variety of applications. 

Most systems for producing stereoscopic imagery have 
depended on the use of true stereo pairs of images created by 
complex and costly optical or computer systems. Although 
there have been attempts to convert two dimensional images 
to three dimensional images using ?eld delay with image 
shifting (eg US. Pat. No. 5,510,832), such conversions 
have not produced three dimensional imagery having suffi 
cient quality. For example, it is not possible to create a 
quality three dimensional image of a still image using prior 
art methods since ?eld delay may be required. Other trans 
formations of such pairs of images from one encoding 
method to another has been also been difficult and costly 
because they generally require depth information and com 
putation. Furthermore, it has been necessary to generate 
stereo pairs of images using two separate cameras or a single 
camera with special lenses. Such arrangements are costly 
and dif?cult to use. 

A need therefore exists for a method and device for 
providing stereoscopic images which can be done rapidly 
and inexpensively. The device and method should also be 
able to form the stereoscopic image without substantially 
degrading the image or color. 

SUMMARY OF THE INVENTION 

The present invention relates to methods, logic, data 
signals, recorded data, devices and systems for use in 
providing a synthesized stereoscopic image from a source 
image by forming two or more modi?ed stereo images from 
the source image where at least one of the modi?ed stereo 
images has been modi?ed relative to the source image such 
that at least two of the modi?ed stereo images have a 
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2 
different spacial appearance than each other. The stereo 
scopic image formed may be used in a holographic display. 
As used herein, “different spacial appearance” refers to a 

difference in the size and/or orientation of two images and/or 
a difference in the spacial relationship between elements of 
one image and the corresponding elements of the other 
image. The different spacial appearance can be perceived 
when the two images are displayed and compared. However, 
the images with a different spacial appearance can be 
expressed as data encoding the images which, when 
displayed, have a different spacial appearance. The images 
can also be expressed as data encoding a source image in 
combination with one or more algorithms for modifying the 
source image and producing two images which have a 
different spacial appearance. 
As also used herein, “modi?ed stereo images” refers to 

the two or more images derived from the source image 
where at least one image of the two or more images has been 
modi?ed relative to the source image such that at least two 
of the two or more images have a different spacial appear 
ance. These modi?cations to the images do not required 
knowledge of the relative depts of particular elements of the 
image. Modi?ed stereo images can be in the form of two or 
more images being displayed as well as data encoding the 
two or more images which when displayed would have a 
different spacial appearance. Modi?ed stereo images can be 
in the form of data encoding a source image in combination 
with one or more algorithms for modifying the source image 
and producing two or more images which have a different 
spacial appearance. 
A wide variety of modi?cations may be made to the 

source object in order to form the modi?ed stereo images. 
These modi?cations may involve modifying one or more of 
the images forming the modi?ed stereo images relative to 
the source image. For example, at least one image of the 
modi?ed stereo images may be magni?ed, reduced, or 
rotated in the X, Y and/or Z plane relative to the source 
image. Alternatively or in addition, the position of one or 
more elements of one of the modi?ed stereo images may 
also be changed relative to the source image. Alternatively 
or in addition, at least one image of the modi?ed stereo 
images may be transformed relative to the source image 
using a function which alters the position of elements of the 
image along the X or Y axis relative to the source image. In 
one variation, the function is a distorting algorithm, for 
example an elliptical or aspheric distorting algorithm. 
As used herein, the source image may be any two or three 

dimensional image, holographic image or set of two or three 
dimensional images. Examples of source images include, 
but are not limited to motion picture ?lm, photographs, 
computer images, video and tomographic data sets, such as 
those derived from MRI or CT data. The source images may 
be recorded, for example on VHS video tape, betacam SP or 
D1 tape, nonlinear edit system, time base Corrector, com 
puter ?oppy disc, computer hard drive, RAM, CDROM, 
laserdisc and DVD. The source image may also be provided 
via a live broadcast, video signals, or generated by a 
software program. The source image can also be an analog 
or digital set of data corresponding to one or more two or 
three dimensional images. 

In one embodiment of the invention, a method is provided 
for producing a synthesized stereoscopic image by display 
ing modi?ed stereo images having a different spacial 
appearance, and viewing the modi?ed stereo images through 
stereo viewing glasses which transmit the spatially different 
images to left and right eyes of the viewer to form a 
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synthesized stereoscopic image of the source image, such as 
a VR headset. In one variation of this embodiment, an image 
display is used to transmit the modi?ed stereo images to the 
stereo vieWing glasses. In a further variation, image signals 
encoding the modi?ed stereo images are transmitted to the 
image display by a device Which converts recorded data 
encoding the modi?ed stereo images into image signals 
Which are received by the image display. In yet another 
variation, image signals encoding the modi?ed stereo 
images are transmitted to the image display by an image 
processor Which converts a signal encoding the source 
image into signals encoding the modi?ed stereo images. 
According to this variation, conversion of the signal encod 
ing the source image into the signals encoding the modi?ed 
stereo images is performed in real time. Conversion may 
alternatively be delayed. Conversion of the image signals 
may be an analog to analog, analog to digital, digital to 
digital, digital to analog, and/or in combination With optical 
to optical signal conversion. 

Further, according to this variation, the signal encoding 
the source image may include a signal Which provides 
instructions to the image processor regarding hoW to convert 
the signal encoding the source image into signals encoding 
the modi?ed stereo images. These instructions may be 
simultaneously broadcast and may include, for example, 
image element by image element instructions or image 
frame by image frame instructions. 

In another embodiment of the invention, a method is 
provided for producing a synthesiZed stereoscopic image 
using stereo vieWing glasses Which form modi?ed stereo 
images. In this embodiment, the method includes displaying 
on an image display a source image, and vieWing the source 
image through stereo vieWing glasses, the stereo vieWing 
glasses having left and right lenses, at least one of the lenses 
modifying the source image to produce at least tWo images 
having a different spacial appearance (modi?ed stereo 
images) When vieWed through the lenses. In one variation of 
this embodiment, modifying the source image to produce 
modi?ed stereo images having a different spacial appearance 
is performed in real time. Alternatively, the modi?ed stereo 
images are created and stored prior to being displayed. 
Modifying the source image can involve an analog to 
analog, analog to digital, digital to digital, digital to analog, 
and/or in combination With optical to optical signal conver 
sion. 

In another embodiment of the invention, a method is 
provided for converting a signal encoding a source image 
into recorded signals encoding tWo or more spatially differ 
ent images Which form a synthesiZed stereoscopic image of 
the source image When displayed in combination. In this 
embodiment, the method includes taking a signal encoding 
a source image, forming tWo or more image signals encod 
ing the source image, modifying at least one of the tWo or 
more image signals such that at least tWo of the image 
signals encode images Which have a different spacial appear 
ance than each other, and recording signals encoding the 
modi?ed stereo images. The signals encoding the modi?ed 
stereo images may be recorded on a variety of different 
media including, for example magnetic media, VHS video 
tape, Betacam SP or Dl tape, nonlinear edit system, frame 
store, computer ?oppy disc, computer hard drive, RAM, 
CDROM, laserdisc, DVD, MPEG and other optical or 
digital device. Modifying at least one of the image signals 
can involve an analog to analog, analog to digital, digital to 
digital, digital to analog, and/or in combination With optical 
to optical signal conversion. 

In another embodiment of the invention, a method is 
provided for synthesiZing a stereoscopic image from a 
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4 
source image. According to this embodiment, the method 
includes taking a signal encoding a source image, forming 
tWo or more image signals encoding the source image, 
modifying at least one of the tWo or more image signals such 
that the tWo or more image signals encode at least a pair of 
images having a different spacial appearance, displaying on 
an image display the spatially different images encoded by 
the modi?ed image signals, and vieWing the image display 
through stereo vieWing glasses Which transmit the spatially 
different images to a left and right eye of the vieWer to form 
a synthesiZed stereoscopic image of the source image. In one 
variation of this embodiment, modi?cation of the image 
signals is performed in real time. Modifying at least one of 
the image signals can involve analog to analog, analog to 
digital, digital to digital, digital to analog, and/or in combi 
nation With optical to optical signal conversion. 

In a variation of this embodiment, the tWo or more image 
signals encoding the source image includes a signal Which 
provides instructions to an image processor regarding hoW 
to modify at least one of the tWo or more image signals. 
These instructions may include, for example, image element 
by image element instructions or image frame by image 
frame instructions. These instructions can be simultaneously 
broadcasted the image signals and can be combined With the 
image signals. For example, the instructions can be embed 
ded into the signal, for example, in the vertical sync. 
The present invention also relates to signals encoding tWo 

or more images Which have a different spacial appearance 
Which are derived from the same source image and Which, 
When vieWed in combination, form a synthesiZed stereo 
scopic image of the source image. These signals may be 
analog or digital signals. In one variation, the tWo or more 
images include tWo images Which have a different spacial 
appearance than each other. In another variation, the tWo or 
more images include three images Which have a different 
spacial appearance than each other. These signals may be 
transmitted signals or signals Which are recorded on a 
recording media. In one particular embodiment, these sig 
nals are derived from a computer generated image Which has 
been modi?ed according to the present invention. 

It is envisioned that larger bandWidth systems, such as 
HDTV, Will be able to transmit and receive separate signals 
for each modi?ed image used to form the synthesiZed 
stereoscopic image. Accordingly, the present invention is 
also intended to be used in combination With such higher 
bandWidth systems Where tWo or more signals each encod 
ing a modi?ed stereo image is transmitted and/or received. 

The present invention also relates to a recording of 
synthetic stereoscopic images according to the present 
invention. The recording includes a recording medium hav 
ing recorded thereon tWo or more signals encoding at least 
tWo images having a different spacial appearance Which, 
When vieWed in combination, form a synthesiZed stereo 
scopic image. The recording may encode an analog or digital 
signal. Any recording media capable of storing dual image 
signals may be used, including, but not limited to VHS video 
tape, betacam SP or Dl tape, nonlinear edit system, com 
puter ?oppy disc, computer hard drive, RAM, CDROM, 
laserdisc and DVD. 

The present invention also relates to an image processor 
for converting a signal encoding a source image into a signal 
encoding a synthesiZed stereoscopic image. In one 
embodiment, the image processor includes a signal entry 
port for receiving a signal encoding a source image, logic for 
converting the source image into tWo or more image signals 
encoding the source image Where at least one of the tWo or 






















