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(57) ABSTRACT 

A method that improves compensation for hard cuts and/or 
vertical motion effects in the conversion of 2D images to 3D 
images, displays 2D images to one eye and computed 
images to the other eye. Generating the computed images 
includes using an approximation variable that represents 
some relationship between the 2D images, such as the speed 
of motion across tWo images. Compensating for the hard out 
or vertical motion e?fect includes temporarily setting the 
approximation variable to a value that makes the left and 
right eye images more similar (if identical, displaying a 2D 
image). The approximation variable can be pre-set to a value 
based on the speed of motion in a scene to be displayed. A 
method of displaying images in either 2D or 3D may include 
converting 3D images to 2D images by displaying images 
computed from images intended for either the left eye or the 
right eye. 
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METHODS AND SYSTEMS FOR 2D/3D IMAGE 
CONVERSION AND OPTIMIZATION 

[0001] This application incorporates by this reference the 
entire disclosures of pending US. patent application Ser. 
No. 10/240,556, ?led Oct. 1, 2002, and its predecessors, 
namely, PCT Patent Application No. PCT/EP01/ 03707, ?led 
Apr. 1, 2001, and German Patent Application No. 
100160743, ?led Apr. 1, 2000. 

[0002] This patent application also incorporates by this 
reference the entire disclosure of PCT Patent Application 
No. PCT/EP01/13674, ?led Nov. 24, 2001. 

FIELD OF THE INVENTION 

[0003] The invention relates to methods and devices for 
the generation of three-dimensional (referred to as “3D” 
from this point forWard) images, for the generation of 3D 
images from tWo-dimensional (referred to as “2D” from this 
point forWard) images, for the generation of 2D images from 
3D images, and for improvements to such image generation. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0004] Three-dimensional imaging is often used to ana 
lyZe objects, particularly in the ?elds of medicine and 
science. Various methods With Which television pictures in 
particular can be produced in three dimensions have also 
been developed for general consumer applications. Three 
dimensional images also are used for entertainment, such as 
television programs, movies, videos, video games, etc. 

[0005] Among the methods of 3D imaging, there is a basic 
distinction betWeen sequential image transmission, in Which 
the images for the right eye and the left eye are transmitted 
alternately one after the other or saved to a storage medium, 
and parallel transmission, in Which the images are transmit 
ted on tWo separate channels. 

[0006] One particular disadvantage of sequential image 
transmission in connection With conventional television 
systems is the fact that the refresh rate is reduced to 
tWenty-?ve images per second for each eye. This creates an 
unpleasant ?ickering for the vieWer. Of course, this limita 
tion does not occur When the image sequences are each 
transmitted on their oWn channel (left or right). HoWever, 
problems may still arise With synchronizing both channels, 
as Well as With the requirements placed on the receiver, 
Which must be able to receive and process tWo channels 
simultaneously. This is not possible for most systems gen 
erally available on the market. 

[0007] Signal transmission and processing likely Will be 
entirely digital in future television systems. In such systems, 
every image is broken doWn into individual pixels Which are 
transmitted in digitiZed format. In order to reduce the 
bandWidth required for this process, the appropriate com 
pression methods are used; hoWever, these create problems 
for stereo transmission. 

[0008] For example, using block coding methods With a 
reasonable rate of compression, generally it is not possible 
to reconstruct every individual line of an image precisely. In 
addition, interframe coding techniques, such as MPEG-2, do 
not alloW transmitting or saving stereo images in a sequen 
tial image format, because image information from one 
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image still is contained in another image, creating the 
so-called “crosstalk effect”, Which makes clear separation of 
the right image from the left image dif?cult or impossible. 

[0009] Other methods for generating a 3D image sequence 
from a 2DI image sequence are disclosed in DE 35 30 610 
and EP 0 665697. An autostereoscopic system With an 
interpolation of images is disclosed in EP 0 520 179, 
Whereas in “Huang: Image Sequence Analysis” (published 
in Springer Verlag) problems of the recognition of motion 
areas in image sequences are discussed. 

[0010] Therefore, one problem addressed by the invention 
is the creation of a method and a device With Which it is 
possible to generate images that provide a very natural 3D 
image impression even if using the above-mentioned trans 
mission and/or compression methods. 

[0011] Several examples are mentioned in Which tech 
niques have been used to convert 2D images to 3D images. 
One conversion technique according to an aspect of the 
invention is described in detail beloW. TWo-dimension to 3D 
conversion is advantageous When a given television pro 
gram, movie, video, video game, or other sequence of 
images, etc. (hereinbeloW collectively referred to as “video” 
for brevity) has been prepared in a 2D format. Therefore, if 
a vieWer (person) Were to obtain a 2D video, e.g., on a DVD 
(digital video disk), compact disk (CD), video tape, or some 
other storage medium (hereinbeloW collectively referred to 
as “DVD” for brevity), the individual may be able to vieW 
the video in 3D format using a 2D to 3D conversion system. 

[0012] Sometimes a video may be prepared in both 2D and 
3D formats and stored in a DVD for subsequent display in 
the selected 2D or 3D format, as the vieWer may select. 
From time to time a person vieWing a 3D format movie may 
decide to Watch the same in 2D format. This Would be 
possible by sWitching from the 3D format stored on the 
DVD to the 2D format stored on the DVD, but the sWitching 
may take time because usually it is not possible to sWitch 
from one scene in 3D format to the same scene in 2D format; 
rather it Would be necessary to restart the 2D format video 
and to search for the scene Where the 3D format of the video 
Was stopped. MeanWhile, the interest, emotion, suspense or 
intrigue created by Watching the video may be lost While 
taking the time to make the format sWitch. Some videos are 
created and stored only in a 3D format. If such Were the case, 
a vieWer Would not be able to sWitch betWeen the 3D format 
and a 2D format. Accordingly, there is a need to provide 
such ability to sWitch from a 3D format movie to a 2D 
format. There also is a need to improve the versatility of 
such display systems to alloW the receiving of 2D format or 
3D format input image data/images and to provide outputs 
for display of the images represented by the image data in 
either 2D or 3D format. 

[0013] The term “hard cut” is a term frequently used in the 
video ?eld to indicate that an image of one scene very 
quickly sWitches to another scene. For example, one scene 
may be of a person sitting at a table While eating, and the 
next scene may shoW a vieW outside the WindoW of the room 
in Which that person is sitting. The tWo scenes are entirely 
different. It is possible that a portion of one scene may be 
included in the other scene, but still there is a substantial 
difference overall betWeen the tWo scenes. 

[0014] In the techniques used for converting 2D format 
images, e.g., movies, etc., to 3D format images for display, 
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the techniques used may involve a determining of relation 
ship betWeen tWo images and making the appropriate adjust 
ments (compensation) to left or right images, for example, 
so that the vieWer perceives a 3D visual effect. However, 
upon occurrence of a hard cut, the relationship betWeen tWo 
sequential scenes may be almost non-existent. Absent such 
relation, it may be di?icult, or impossible, to obtain a 
conversion to 3D format or at least to a sequence of images 
that may be comfortably vieWed by a vieWer. Thus, there is 
a need to provide hard cut compensation When converting 
from a 2D format to a 3D format. 

[0015] The occurrence of a hard cut may disrupt smooth 
conversion of images from 2D format to 3D format. Such 
disruption may lead to a less than optimum 3D vieWing 
experience for the vieWer. Therefore, there is a need to detect 
occurrence of hard cuts and to compensate or adjust for the 
same in a 2D to 3D conversion system. 

[0016] Vertical motion effect in images, e.g., movies, etc., 
that are converted from 2D format to 3D format can be 
someWhat disadvantageous. For example, most depth per 
ception (3D or stereo effect in vieWing a scene, for example) 
is obtained in a generally horizontal plane rather than in a 
vertical plane because the vieWer’s eyes are spaced apart 
usually in a generally horizontal plane and respective vieWs 
are seen according to the stereo base of the distance betWeen 
the vieWer’s tWo eyes. Vertical motion or disparity betWeen 
a pair or more than a pair of sequential images of a movie 
may tend to be construed by 2D to 3D conversion systems 
as motion indicative of depth, Which, of course, may be 
incorrect. 

[0017] Accordingly, vieWing images With vertical motion 
in 3D format may present a less than optimal 3D vieWing 
experience for the vieWer and also may inaccurately repre 
sent the actual depth information. Accordingly, there is a 
need to detect vertical motion e?fect and to reduce the same 
or to eliminate it in systems and methods for converting 2D 
format image data to 3D format image data and associated 
images provided therefrom. 
[0018] Some types of movies, television shoWs, videos, 
etc., are more active than others, e.g., greater action, move 
ment, scene changes, etc. For example, a War movie usually 
Would have much more action than a television talk shoW. If 
the same 2D to 3D conversion technique, variables, values, 
etc., Were used to convert an action movie as Would be used 
to convert a television talk shoW from 2D format to 3D 
format, substantial e?fect of the 3D images may be lost 
during at least part of the program. For example, in an action 
movie there is a great deal of motion and usually a great deal 
of depth information that can be detected as a result of that 
motion; therefore, if the conversion from 2D format to 3D 
format relied on the motion, then substantial depth Would be 
encountered. HoWever, if the same approached Were used 
convert a talk shoW program from 2D format to 3D format, 
the depth or 3D effect may be much less than in the action 
movie or, in any event, it may take much longer for the depth 
or 3D effect to become evident to a vieWer from the 3D 
format images of the talk shoW program. Accordingly, there 
is a need to accommodate the different characteristics of the 
type of program, e.g., action movie, television talk shoW 
program, Wildlife video, etc., When converting to 2D format 
representations thereof to 3D format. 

[0019] It is noted here that reference may be made to 
television, video, movie, video game, etc., all of Which are 

Apr. 10, 2008 

obtained by a sequence of images. The sequence of images 
provide information indicating the characteristic of a given 
scene at one moment in time and the characteristic of that 
scene in another moment of time. Reference herein to 

television, video, movie, video game, etc., may be construed 
to include all of the same and other formats of information 
conveyance, e.g., by a sequence of images that are presented 
for vieWing. The vieWing may be via a television, a com 
puter monitor, a ?at panel display, a projector, glasses or 
goggles, such as, for example, those used in connection With 
virtual reality type displays, game displays, etc., Which 
provide images directly to the eyes of a vieWer, and so forth. 
Furthermore, reference herein to images may also include 
image data, i.e., signals, data, etc., that may be stored, may 
be transmitted, or may be created, synthesiZed, interpolated, 
or otherWise obtained to represent the images. Thus, in the 
description beloW, reference to an image may be construed 
to mean the image itself or the data representing the image, 
Whereby, if that data is appropriately provided to a display 
device, so the image can be vieWed by a vieWer (reference 
to vieWer typically Would mean a person Who Would vieW 
the image). 2D means tWo-dimensional images, sometimes 
referred to as mono, monoscopic, etc. type of images. 3D 
(sometimes Written as 3-D) means three-dimensional images 
or images that appear to have not only height and Width 
characteristic, but also depth characteristics. Sometimes 3D 
is referred to as stereo, stereoscopic, etc. type of images. 
These de?nitions (and others presented herein) are not 
intended to be limiting; standard or conventional de?nitions 
of the terms used herein also apply. 

[0020] Another aspect relates to a method for the genera 
tion of 3D images represented by 3D image data that 
includes at least tWo channels of data for respective left and 
right eye vieWs from a sequence of 2D images represented 
by 2D image data, comprising the steps of: 

[0021] 
[0022] ii) determining a measure of similarity (6k) 
betWeen sets of 2D image data representative of sequential 
2D images; 

i) assigning the 2D image data to a ?rst channel; 

[0023] iii) comparing the measure of similarity (ok) to 
predetermined threshold values (6O<61<62) Where 

[0024] (1) if 6O<6k<62 and 6k—6k_1§—61 and an 
approximation variable (0t) is less than or equal to Ks, 
the approximation variable is set to 0t:=0t+s, 

[0025] (2) if 6O<6k<62 and 6k—6k_l§6l and Otis, the 
approximation variable (0t) is set to 0t:=0t—s, and 

[0026] (3) if $026k, the approximation variable (0t) is 
set to 0t:=0, Where the approximation variable (or) 
determines the Width of a stereo base, and s denotes a 

step Width; 
[0027] iv) calculating 3D image data for a second channel 
from the 2D image data using the approximation variable 
(or); and 

[0028] v) assigning the ?rst channel and the second chan 
nel to respective left and right eye vieWs for display. 

[0029] Another aspect relates to an apparatus for gener 
ating 3D images represented by 3D image data that includes 
at least tWo channels of data for respective left and right eye 
vieWs from a sequence of 2D images represented by 2D 
image data, comprising: 
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[0030] 
channel; 

i) means for assigning the 2D image data to a ?rst 

[0031] ii) means for determining a measure of similarity 
(6k) betWeen sets of 2D image data representative of sequen 
tial 2D images; 

[0032] iii) means for comparing the measure of similarity 
(ok) to predetermined threshold values (6O<61<62) Where 

[0033] (1) if 6O<6k<62 and 6k—6k_1§—61 and an 
approximation variable (0t) is less than or equal to Ks, 
the approximation variable is set to 0t:=0t+s, 

[0034] (2) if 6O<6k<62 and 6k—6k_l§6l and Otis, the 
approximation variable (0t) is set to 0t:=0t—s, and 

[0035] (3) if 60261‘, the approximation variable (0t) is 
set to 0t:=0, Where the approximation variable (0t) 
determines the Width of a stereo base, and s denotes a 

step Width; 

[0036] iv) means for calculating 3D image data for a 
second channel from the 2D image data using the approxi 
mation variable (0t); and 

[0037] V) means for assigning the ?rst channel and the 
second channel to respective left and right eye vieWs for 
display. 

[0038] Another aspect relates to a system for the genera 
tion of 3D images represented by 3D image data that 
includes at least tWo channels of data for respective left and 
right eye vieWs from a sequence of 2D images represented 
by 2D image data, comprising: 

[0039] i) means for determining a measure of similarity 
(6k) betWeen sets of 2D image data representative of sequen 
tial 2D images; 

[0040] ii) means for comparing the measure of similarity 
(ok) to predetermined threshold values (6O<61<62) Where 

[0041] (1) if 6O<6k<62 and 6k—6k_1 E61 and an approxi 
mation variable (0t) is less than or equal to Ks, the 
approximation variable is set to 0t:=0t+s, 

[0042] (2) if 6O<6k<62 and 6k—6k_l§6l and Otis, the 
approximation variable (0t) is set to 0t:=0t—s, and 

[0043] (3) if 60261‘, the approximation variable (0t) is 
set to 0t:=0, Where the approximation variable (0t) 
determines the Width of a stereo base, and s denotes a 

step Width; 

[0044] iii) an image generator for calculating 3D image 
data for a second channel from the 2D image data using the 
approximation variable (0t). 

[0045] Another aspect relates to a method for generating 
3D images, comprising providing a ?rst sequence of images 
for display, computing a second sequence of images for 
display from one or more images of the ?rst sequence using 
an approximation variable representative of a relationship 
betWeen at least tWo images of the ?rst sequence, alloWing 
the approximation variable to change in response to a 
relationship betWeen at least tWo images of the ?rst 
sequence, checking for occurrence of a hard cut betWeen 
images of the ?rst sequence, and in response to occurrence 
of a hard cut, setting the approximation variable to a value 
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that provides a loW degree of parallax betWeen respective 
images of the ?rst and second sequences of images or the 
appearance of a 2D image. 

[0046] Another aspect relates to an apparatus for gener 
ating 3D images, comprising means for providing a ?rst 
sequence of images for display, means for computing a 
second sequence of images for display from one or more 
images of the ?rst sequence using an approximation variable 
representative of a relationship betWeen at least tWo images 
of the ?rst sequence and alloWing the approximation vari 
able to change in response to a relationship betWeen at least 
tWo images of the ?rst sequence, means for checking for 
occurrence of a hard cut betWeen images of the ?rst 
sequence, and means operative in response to occurrence of 
a hard cut for setting the approximation variable to a value 
that provides a loW degree of parallax betWeen respective 
images of the ?rst and second sequences of images or the 
appearance of a 2D image. 

[0047] Another aspect relates to a method of compensat 
ing 3D image data in response to hard cut detection, com 
prising preparing 3D image data for display from a ?rst 
sequence of images and a second sequence of images 
computed from at least tWo respective images of the ?rst 
sequence by using an approximation variable that changes 
based on a relationship betWeen at least tWo images of the 
?rst sequence, in response to occurrence of a hard cut in 
images of the ?rst sequence, setting the approximation 
variable to a value that provides a loW degree of parallax 
betWeen respective images of the ?rst and second sequences 
of images or the appearance of a 2D image. 

[0048] Another aspect relates to an apparatus for compen 
sating 3D image data in response to hard cut detection, 
comprising means for preparing 3D image data for display 
from a ?rst sequence of images and a second sequence of 
images computed from at least tWo respective images of the 
?rst sequence by using an approximation variable that 
changes based on a relationship betWeen at least tWo images 
of the ?rst sequence, means responsive to occurrence of a 
hard cut in images of the ?rst sequence for setting the 
approximation variable to a value that provides a loW degree 
of parallax betWeen respective images of the ?rst and second 
sequences of images or the appearance of a 2D image. 

[0049] Another aspect relates to a method for generating 
3D images, comprising preparing 3D image data from a ?rst 
sequence of images and a second image sequence of images 
computed from at least tWo images of the ?rst sequence 
using an approximation variable that changes based on a 
relationship betWeen at least tWo images of the ?rst 
sequence, and reducing the value of the approximation 
variable upon the occurrence of vertical disparity betWeen at 
least tWo images of the ?rst sequence. 

[0050] Another aspect relates to an apparatus for gener 
ating 3D images, comprising means for preparing 3D image 
data from a ?rst sequence of images and a second image 
sequence of images computed from at least tWo images of 
the ?rst sequence using an approximation variable that 
changes based on a relationship betWeen at least tWo images 
of the ?rst sequence, and means for reducing the value of the 
approximation variable upon the occurrence of vertical 
disparity betWeen at least tWo images of the ?rst sequence. 

[0051] An aspect of the invention relates to a method of 
converting 3D image data for a 3D image that includes 
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image data representative of respective left and right eye 
vieWs to 2D image data for a 2D image, comprising 

[0052] i) using the 3D image data representative of one of 
the left and right eye vieWs to provide ?rst image data 
representative of a 2D image, and 

[0053] ii) computing computed image data representative 
of a subsequent 2D image from the ?rst image data. 

[0054] Another aspect relates to a device for converting 
3D image data, Which includes image data representative of 
respective left and right eye vieWs of a 3D image, to 2D 
image data, comprising 
[0055] i) an output providing the image data that is rep 
resentative of one of the respective left and right eye vieWs 
of the 3D image data as 2D output image data for a 2D 
image, and 

[0056] ii) a computation device to compute from said 
image data representative of said one of said respective left 
and right eye vieWs computed image data that is represen 
tative of a subsequent 2D image. 

[0057] Another aspect relates to a method of providing 
images for display, comprising 

[0058] i) receiving image data in either of 2D format or 3D 
format, and 

[0059] ii) selectively outputting in either 2D format or 3D 
format output image data for display, and Wherein selec 
tively outputting 2D format output image data from 3D 
image data includes outputting at least some output image 
data computed from one eye vieW of the 3D format image 
data. 

[0060] Another aspect relates to a system for use in 
displaying images, comprising 
[0061] i) an input for receiving image data in either of 2D 
or 3D format, 

[0062] ii) a converter to convert 2D image data to 3D 
image data and to convert 3D image data to 2D image data, 
and 

[0063] iii) a selector operable to select the format of output 
image data, including 

[0064] 2D output image data in response to 2D input 
image data, 

[0065] 3D output image data in response to 3D input 
image data, 

[0066] 2D output image data converted by the converter 
from 3D input image data, and 

[0067] 3D output image data converted by the converter 
from 2D input image data. 

[0068] Another aspect relates to a method for generating 
3D images, comprising preparing 3D image data from a ?rst 
sequence of images and a second sequence of images 
computed from at least tWo images of the ?rst sequence 
using an approximation variable that changes based on a 
relationship betWeen at least tWo images of the ?rst 
sequence, and presetting the initial value of the approxima 
tion variable according to the anticipated amount of motion 
across at least tWo images of the ?rst sequence. 
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[0069] To the accomplishment of the foregoing and related 
ends, the invention, then, comprises the features hereinafter 
fully described in the speci?cation and particularly pointed 
out in the claims, the folloWing description and the annexed 
draWings setting forth in detail certain illustrative embodi 
ments of the invention, these being indicative, hoWever, of 
but several of the various Ways in Which the principles of the 
invention may be suitably employed. 

[0070] Other systems, methods, features, and advantages 
of the present invention Will be or become apparent to one 
With skill in the art upon examination of the folloWing 
draWings and detailed description. It is intended that all such 
additional systems, methods, features, and advantages be 
included Within this description, be Within the scope of the 
present invention, and be protected by the accompanying 
claims. 

[0071] Although the invention is shoWn and described 
With respect to one or more embodiments, it is to be 
understood that equivalents and modi?cations Will occur to 
others skilled in the art upon the reading and understanding 
of the speci?cation. The present invention includes all such 
equivalents and modi?cations, and is limited only by the 
scope of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0072] Additional details, features, and advantages of the 
invention may be seen from the folloWing description of a 
preferred embodiment With reference to the annexed draW 
ings. They shoW: 

[0073] FIGS. 1 and 2 are schematic illustrations shoWing 
respective images or image dataiFIG. 1 represents actual 
images and FIG. 2 represents synthesiZed images; 

[0074] FIGS. 3 and 4 are schematic illustrations of images 
or image frames shoWing respective image portions or 
sub-frames used to determine a similarity value dL; 

[0075] FIG. 5 is a schematic block diagram representing a 
system in accordance With the invention; 

[0076] FIGS. 6 and 7 are schematic illustrations of parts of 
respective lines of image data (or images) used do demon 
strate the method of converting 3D images to 2D imagesiit 
is noted here that mentioning of 3D images herein usually 
indicates that the 3D effect or 3D images are obtained by a 
sequence of images; 

[0077] FIG. 8 is a block ?oW chart diagram representing 
an example of a process for hard cut detection and compen 
sation; 

[0078] FIGS. 9a and 9b are schematic illustrations of 
images or image frames shoWing respective image portions 
or sub-frames used to determine Whether there is vertical 
disparity or vertical motion; 

[0079] FIGS. 10 and 11 are block ?oW chart diagrams 
representing an example of a process for detecting and 
compensating for vertical disparity; 

[0080] FIG. 12 is a schematic block diagram of circuitry 
according to the invention; 

[0081] FIG. 13 is a graphical representation of an actual 
image sequence and of a scanned image sequence; 
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[0082] FIG. 14a-c are schematic representations of phase 
control in sequential images; and 

[0083] FIG. 15 is a schematic block diagram of one 
imaging application of the invented device. 

DETAILED DESCRIPTION 

Introduction 

[0084] The present invention concerns improvements for 
converting 2D format movies, videos, television programs, 
video games, etc. to 3D (three-dimensional or stereo) format 
to obtain a 3D effect When observed by a vieWer. The 
invention also concerns converting 3D format movies, vid 
eos, television programs, video games, and the like to 2D 
format. 

[0085] An example of an approach for converting 2D 
format movies to 3D format is schematically illustrated in 
FIGS. 1 and 2 and also is described in greater detail further 
beloW in this speci?cation at the section entitled 2D TO 3D 
CONVERSION USING APPROXIMATION VARIABLE 0t 
and in the German patent application and tWo PCT patent 
applications identi?ed at the very beginning of this patent 
application. 

[0086] Brie?y, as is illustrated in FIGS. 1 and 2, there is 
shoWn at 10 a ?rst sequence ofk images 0, 1, 2, 3 . . . K. The 
0th image is the one currently being shoWn/displayed or is 
ready to be shoWn/displayedisometimes referred to as the 
“native” image; the 1th image is the image that Was shoWn/ 
displayed before the 0th image; the 2th image is the one that 
Was shoWn/ displayed before the 1th image, etc. From the ?rst 
sequence of images the invention prepares a second 
sequence of k images, Which are shoWn at 11, and are 
designated 0', 1', 2', . . . K'. The images in the second 
sequence of images are synthesiZed from the ?rst sequence 
of images. Without going into detail on that procedure to 
synthesiZe the second sequence of images, Which is 
described in greater detail beloW, suf?ce it to say here that 
each of the images in the second sequence of images is 
prepared using information from images in the ?rst 
sequence, e.g., the 0th image (the current image), and one or 
more of the images that preceded it, e.g., the 1st image, the 
2""1 image, etc. 

[0087] The respective sequential images from the ?rst and 
second sequences are shoWn on a display and are vieWed by 
a person Who is Wearing shutter glasses. The shutter glasses 
are synchroniZed to open and close, respectively, so that 
When a given image from the ?rst sequence of images is 
displayed, the person may see that image using his/her left 
eye; and When a given image from the second sequence of 
images is displayed, the person may see that image using 
his/her right eye. If the images of the respective sequences 
(for the respective left and right eye vieWing) are related 
such that there is a parallax relation to them, e.g., one is 
shifted slightly relative to the other, the vieWer construes this 
as depth information and sees the image as a 3D or stereo 
image. 

[0088] The invention also may be used in connection With 
autostereo display systems, Which alloW vieWing of 3D 
images Without the need for the vieWer to Wear shutter 
glasses or to use polariZers or some other means to discrimi 
nate betWeen left eye and right eye images. 
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[0089] In the description hereof the terms image, frame 
and ?eld may be used; they are intended to be equivalenti 
meaning imageiunless context indicates otherWise. For 
example, in the television display techniques, a frame is 
composed of sequential ?elds; the present invention does not 
necessarily have to rely on such a distinction. Rather, the 
present invention is described as using images (or image 
data, e.g., signals representing an image) Without regard to 
Whether the image is a single ?eld frame, a tWo ?eld frame, 
a ?eld itself, or otherWise. Thus, absent an indication by 
context, the terms image, frame, and ?eld mean the same. 

[0090] Referring to FIGS. 3 and 4, an example of a 
process, as Was mentioned above, to obtain images of the 
second sequence, the vertical column jm that is at the 
horiZontal center of each of the XO images, e.g., the respec 
tive 0Lh images referred to in FIG. 1, that are shoWn at 12 and 
the next image, the X1 image, for example, that is shoWn at 
13, are determined, and a horizontal distance or area M in 
the XO image and a horiZontal distance or area N in the X1 
image are determined arbitrarily; therefore, the areas M and 
N, N greater than or equal to M, are respective sub-image 
portions of the respective images X0 and X1. Then, the tWo 
sub-image portions M and N are searched for the areas of 
greatest similarity dL and for the respective locations of 
those areas of greatest similarity relative to the vertical 
column (centerline) jm in each of those respective images X0 
and X1. If the area of greatest similarity dL has moved quite 
far from one image to the next, this indicates fast motion 
occurring in the images; conversely, if the area of greatest 
similarity dL has moved a small distance, then this indicates 
sloW motion occurring in the images. As is described in 
greater detail beloW in the mentioned section, if the motion 
is less than a predetermined minimum or is nonexistent, then 
the described process may use the XO image and an image 
X2, X3, etc. Preceding the X1 image until adequate motion 
has been found to alloW suitable synthesiZing of the next 
image of the second sequence 11. 

[0091] Based on ?nding the areas of greatest similarity dL 
and their relative locations in the respective images or 
sub-portions M and N of the sequential images, an approxi 
mation variable alpha is obtained. The tWo images X0, X1 
can be related, compared, etc., to compute image data for a 
synthesiZed image With adjustments based on the approxi 
mation variable alpha 0t. The approximation variable alpha 
0t can increase, decrease or stay the same as the relation 
betWeen areas of greatest similarity move closer or farther 
from each other in sequential frames. Furthermore, although 
the above summary concerns use of tWo sequential images 
in the ?rst sequence, it is possible that the invention may use 
from the ?rst sequence of images tWo or more images that 
are not sequential, e.g., the native image X0 and an image 
that Was displayed or otherWise preceded the native image 2, 
3 or more images 06, X3, etc.) prior to the native image. 
[0092] The above summarizes a technique of 2D to 3D 
conversion that Will be described in greater detail in the 2D 
To 3D Conversion section beloW. 

Conversion of 3D Images to 2D Images and Ability to 
Display Either 2D or 3D Images Regardless of Whether the 
Input Signals Represent 2D OR 3D Images 
[0093] FIG. 5 is a schematic block diagram ofa system 20 
of the invention. The system 20 includes a reduction unit 21, 
Which converts a 3D series of images to 2D, as Will be 
explained further beloW. 
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[0094] The system 20 includes an image buffer 22 that 
receives either 2D or 3D images in the form of respective 
signals or data from some source, such as, for example, a 
DVD, a VHS video tape, a cable TV connection, a satellite 
connection, a camera, etc. The data from the image buffer 22 
is provided to three different systems, as folloWs: 

[0095] 
beloW. 

a) To a conversion unit 23, Which is described 

[0096] b) To a video unit 24, Which provides output image 
signals (images) as 2D or 3D format output directly to a 
display, e.g., a monitor, television, projector, etc. 25, as the 
image signals are received from the image buffer 22. If the 
output is 2D, the images can be vieWed Without shutter 
glasses. If the output is 3D, the images are vieWed on the 
display 25 via shutter glasses 26 that sequentially open and 
close in synchronism With the respective left and right eye 
images being delivered to and shoWn by the display 25. 
Therefore, What comes in to the image buffer 22 goes out to 
the display 25. 

[0097] c) To the reduction unit 21 that is able to reduce 3D 
images to 2D images. 

[0098] A control unit 27 may be operated by a user by 
pressing respective buttons 27a, 27b to indicate What kind of 
signal is being received (2D or 3D) and What kind of display 
is to be provided (2D or 3D). The control unit activates the 
respective systems a), b) and c) that are mentioned above. 
The control unit could be a remote control, icons on a 
display or similar user interface devices. 

[0099] Turning to the reduction unit 21 that is the com 
ponent Which carries out the 3D to 2D conversion for display 
of 3D images in 2D format on the display 25: 

[0100] l. The user knoWs that 3D images are being 
received by the image buffer 22, and 2D images are to be 
sent to the video unit 24 and the display 25 by the reduction 
unit 21. Therefore, the user presses the appropriate buttons 
27a, 27b to set up for 3D input and 2D output. 

[0101] Let us assume that the term “frame” includes tWo 
?elds, as is conventional in television systems, for example. 
In an interlaced television system, the data in one ?eld (let’s 
say the “odd ?eld,” is provided to the odd numbered lines of 
the television (CRT, for example), and the data in the even 
?eld is provided to the even numbered lines. Typically the 
image provided by the odd ?eld is displayed by the televi 
sion and immediately thereafter the image provided by the 
even ?eld is displayed. 

[0102] Let us also assume that the odd ?eld of a given 
frame provides an image for the left eye of a 3D image and 
the even ?eld of the same frame provides an image for the 
right eye of the 3D image. This mode of operation is referred 
to as interlaced images for 3D display. 

[0103] 2. The image buffer 22 sequentially receives 
respective left eye and right eye ?elds. The REDUCTION 
UNIT 21 skips alternate ?elds, e.g., it only Will use the right 
eye ?elds and Will not use the left eye ?elds. The “not used” 
?elds effectively are skipped, ignored, etc. Therefore, the 
vertical resolution of the output image provided to the video 
unit 24 and display 25 Would be halved because half of the 
?elds are being skipped. Therefore, the reduction unit 21 
Will add neW ?elds that are SYNTHESIZED from the 
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respective sequential ones of the “used” ?elds. The neW 
?elds are obtained by a “de-interlacing” process, as folloWs: 

[0104] 2a. The left eye ?eld With lines 1, 3, 5, 7, etc., is 
provided to the video unit 24 and display 25. 

[0105] 2b. The image data from that left eye ?eld, the odd 
lines in this example, is used to compute data for the even 
lines of the display 25. This computation is carried out on a 
line by line/pixel by pixel basis to obtain image data for the 
even lines 2, 4, 6, etc. of the display 15. Therefore, an 
averaging is carried out. Speci?cally, the respective pixels in 
line 1 are averaged With the corresponding pixels in line 3 
to obtain image data for the pixels in line 2; and the pixels 
in line 3 are averaged With the pixels in line 5 to obtain 
image data for the pixels in line 4; and so forth to synthesiZe 
the second ?eld for delivery to the video unit 24 and display 
25. More speci?cally, pixel 1 in line 1 and pixel 1 in line 3 
are averaged in terms of r,g,b values or Y,U,V values; and 
the resulting average is provided to pixel 1 in line 2. See 
FIG. 6 for odd ?eld 28 and FIG. 7 for even ?eld 29. 

[0106] 2c. Using the above process the even line ?eld is 
prepared and is displayed subsequent to the preceding odd 
line ?eld of the same frame. 

[0107] 2d. Subsequently the next left eye ?eld (odd line 
?eld of the next frame) is displayed; then the next synthe 
siZed ?eld (even line ?eld of the same next frame) is 
prepared and displayed. 

[0108] Note that the right eye ?eld is unnecessary and the 
data pertaining to the right eye ?eld is discarded. 

[0109] The above process may be carried out discarding 
only one eye vieW, e.g., the right eye vieW and using only the 
other eye vieW, e.g., the left eye vieW to obtain sequential 
?elds for inclusion in a given frame of a tWo ?eld frame. 
Alternatively, the right eye vieW may be retained and used 
and the left eye vieW discarded. 

[0110] Furthermore, although the above process of con 
verting 3D format images to 2D images uses as an example 
a frame that includes tWo ?elds in Which one ?eld provides 
a left eye image and the other ?eld provides the right eye 
image, it Will be appreciated that the process may be carried 
out using sequential images that are not necessarily provided 
in respective ?elds of a frame. Moreover, although the 3D to 
2D process Was described With respect to an interlaced 
format in Which the frame is composed of one ?eld provided 
by odd lines of the frame and the other ?eld provided by the 
even lines of the frame, it Will be appreciated that other types 
of formats may be used in connection With the process 
Wherein the 3D image data is stored in over/under format, 
side by side format, page ?ip format, sequential format or 
some other format. 

Hard Cut Detection and Compensation in a 2D to 3D 
Display System 

[0111] A hard cut is an immediate change in a scene. For 
example, assume that a scene in a movie or video shoWs a 

close-up of a person’s face, and then the scene immediately 
sWitches to an outdoor vieW of a forest. The change in scene 
can happen from one image (for example, from image X1 to 
the next image X0). Since the tWo images are quite different, 
the similarity factor dL Will shoW a great difference, and this 
Would tend to cause the approximation variable alpha 0t to 
groW very large, Which is undesirable because it is not 
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accurately re?ective of motion information or depth infor 
mation (3rdl dimension for stereo images). 

[0112] The present invention detects When the similarity 
value dL exceeds a predetermined threshold value; such 
detection is considered to represent a hard cut. (See the 
Introduction section above and the section beloW entitled 2D 
To 3D Conversion Using Approximation Variable 0t for 
further description of the similarity value dL and its use.) 
Upon detecting that the similarity value dL has exceeded the 
predetermined threshold value, the invention resets the 
approximation variable alpha 0t to a value, generally a value 
or possibly Zero, that causes the next tWo (or more) images, 
e.g., the X0 and the synthesiZed image in the 2D to 3D 
conversion method, Which is described elseWhere herein, to 
provide in effect an image With a loW level of 3D depth or 
a 2D image (an image With loW parallax). Thus, the left and 
right eye images Would be the same or nearly the same. If 
the approximation variable 0t Were not set to a predeter 
mined value upon such hard cut detection, 0t might tend to 
achieve a level that Would be representative of large or fast 
motion due to dissimilarity betWeen the tWo images at the 
hard cut. This Would present an inaccurate indication of 
depth (third dimension) and also Would cause an unsatis 
factory or uncomfortable vieW for the vieWer. It is noted that 
although hard cut detection is described here as being 
detected When the similarity value dL is such as to indicate 
a large disparity betWeen tWo sequential images of a ?rst 
image sequence, such hard cut detection may be based on 
more than tWo images. Also, the approximation variable a 
may be set to a predetermined value immediately upon the 
detection of the occurrence of a hard cut, or it may be set 
step-Wise over time, such as over the time during Which 
several images are prepared for display or the time during 
Which several images are displayed, to provide a more 
gradual or smooth transition. 

[0113] As an example, by setting the approximation vari 
able to the indicated value upon detecting occurrence of a 
hard cut, e.g., setting 0t to Zero, there Would be no difference 
betWeen the left and right eye images for the next pair of 
sequential image images, so the image is seen in 2D for 
those tWo images. 

[0114] HoWever, after displaying the pair of sequential 
images respectively to the left and right eyes of the vieWer 
immediately folloWing the hard cut having been detected 
and the approximation variable 0t having been set to the 
predetermined value, e.g., Zero (0) or a value yielding small 
degree of parallax, thereafter the approximation variable 0t 
is alloWed to adjust automatically as is described elseWhere 
herein. Therefore, as the images of the ?rst sequence of 
images are received and are displayed and as the images of 
the second sequence of images are synthesiZed and dis 
played interspersed With the images of the ?rst sequence of 
images, 3D images again are displayed and may be seen by 
the vieWer via the shutter glasses. Such adjustment of the 
approximation variable 0t may occur in several different 
Ways that are described just beloW. 

[0115] The approximation variable 0t may simply be 
alloWed to adjust automatically, as is described in the 
Introduction and in the 2D To 3D Conversion sections 
beloW. Alternatively, the approximation variable 0t may be 
alloWed to adjust as just indicated, except that the change in 
the approximation variable 0t may be regulated, e.g., in 
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increments of 0.1, 0.2, 0.5, 0.75, or some other amount or 
functional relationship, until it reaches a target value, such 
as that computed per the description in the 2D To 3D 
Conversion section beloW. As a still further alternative, the 
prior value of the approximation variable 0t that existed just 
prior to the detecting of the hard cut, i.e., before it is set to 
the predetermined value, could be stored; and the approxi 
mation variable 0t could be alloWed to increase toWard that 
prior value until it Were to reach that (target) value or near 
that value or some other valueithereafter, the approxima 
tion variable 0t Would be alloWed to adjust automatically, as 
is described in the 2D To 3D Conversion section beloW. In 
any event, regulating the rate of change and target goal for 
the approximation variable 0t tends to provide a smooth 
transition to the increased value thereof and also Will pro 
vide for a smoother return of the actually vieWed images by 
an observer to 3D vieWed format as compared to an instan 
taneous rather large increase or jump to 3D. As the approxi 
mation variable 0t changes, the apparent depth of the 3D 
images gradually but rapidly changes to the desired depth 
determined by the target value of the approximation vari 
able. This provides a more pleasant, comfortable, less tiring 
vieWing experience. 
[0116] Turning to FIG. 8, a How chart 40 indicating the 
method associated With detecting the occurrence of hard cut 
is illustrated. At block 41a similarity value dL is received 
from comparison of tWo images (or more than tWo images) 
in a sequence of images or from portions of tWo images. At 
block 42 a comparison is made to determine Whether the 
similarity value exceeds a threshold. If yes, then this indi 
cates occurrence of a hard cut, and at block 43 the approxi 
mation variable 0t (alpha) is set to a predetermined value, 
e.g., Zero or a value, as to provide a 2D or limited 3D 
vieWing experience and then a gradual increase back to full 
3D vieWing experience, as Was described above. Also, at 
block 43, if desired, the value of the approximation variable 
0t prior to resetting may be stored for possible use in 
connection With the automatic adjusting of the value of the 
approximation variable 0t, as Was mentioned above. At block 
44 the next synthesiZed image is computed using the then 
existing value of the approximation variable 0t, as is 
described in the 2D To 3D Conversion section beloW. The 
X image then is displayed at block 45, and then the asso 
ciated synthesiZed image that had been computed is dis 
played at block 46. 

[0117] A loop 47 then is folloWed back to block 41 via 
block 47 calling for repeating the foregoing for the next 
image frame X0. 

[0118] If at block 42 the similarity value dL is less than the 
threshold (or equal to it), the approximation variable 0t is 
computed at block 48. If a hard cut had not been detected at 
block 42, then the computation of the approximation vari 
able ot may be as is described in the 2D To 3D Conversion 
section beloW. HoWever, if a hard cut had been detected at 
block 42, then a ?ag may be set so that When the computing 
occurs at block 48 the change in the approximation variable 
0t may be regulated until it reaches the prior value that had 
been stored, other target value or a substantially stable value, 
e.g., on account of the computing no longer calling for any 
changes in the approximation variable 0t for the next image 
or several of them, as may be desired to be set by the user. 

[0119] The computing of the approximation variable 0t 
also is described in the immediately folloWing section, 
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Which also may apply in the method of the instant hard cut 
section and be considered a part of the description just 
above. 

Elimination of Vertical Motion Effect in Converting From 
2D to 3D in a 2D to 3D Display System 

[0120] See FIGS. 9-11. 

[0121] The occurrence of vertical disparity betWeen tWo 
image frames is undesirable both because it creates in a 
sense an arti?cial astigmatism (one eye sees the image 
vertically displaced from the other) and also because the 
sensing of vertical motion possibly could cause an undesir 
able tendency to increase the approximation variable alpha 
0t and, thus, incorrectly cause an improper synthesized 
image. 
[0122] Therefore, this feature of the invention is to detect 
vertical motion, i.e., vertical disparity L* betWeen tWo 
similar portions of the images in successive image frames 
and to compensate for that vertical motion by reducing the 
approximation variable alpha 0t. 

[0123] The invention detects vertical disparity L* in a Way 
similar to that described in the Introduction above and also 
in the 2D To 3D Conversion Section beloW for detecting 
motion by detecting horizontal disparity betWeen successive 
image frames using the areas of greatest similarity in the 
successive image frames. 

[0124] Referring to FIGS. 9a and 9b, rather than simply 
using areas of greatest similarity in successive frames, the 
present invention looks for respective edges of objects 
shoWn in the successive image frames or in sub-frame or 
sub-image portions 0 and P centered on the horizontal 
image midpoint line or centerline im of the successive image 
frames X0 and X1, for example, that are shoWn at 60 and 61. 
Assume, for example, that the edges are those of a the eaves 
of a roof of a house; in one image frame the edge line of the 
eaves is at one vertical location La in the image frame and 
in the prior image frame the edge line of the eaves is at a 
different vertical location Lb in the image frame. The relative 
locations could be determined by making a comparison 
similar to the comparison made With the image portions M 
and N described above in the Introduction and in the 2D To 
3D Conversion section; but noW the comparison is made 
using horizontal sWaths (image frame portions) 0 and P 
across the respective image frames, as is illustrated in FIGS. 
9a and 9b. The relative locations could be found by com 
paring the entire extent of the eaves line or corresponding 
portions of the eaves lines in the respective frames X0 and 
X1. 
[0125] The vertical disparity betWeen tWo successive 
image frames Will be designated L* for this discussion. 
Thus, L* is de?ned as the difference betWeen La and Lb. If 
the vertical disparity L* does not exceed a predetermined 
value or threshold, for example, a value of plus or minus 1, 
then We can assume that there is no signi?cant vertical 
disparity. (Exceeding the threshold means larger than plus 1 
or smaller than minus 1 in this example.) Therefore, there is 
no adjustment made of the approximation variable alpha. 
Such threshold value may represent one or more horizontal 
lines of an exemplary display or image data to be displayed, 
if desired. The threshold value may be other than plus or 
minus 1, e.g., it may be more positive, more negative, or 
both, e.g., the absolute value may be larger or smaller than 
1. 
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[0126] HoWever, if the vertical disparity L* exceeds plus 
or minus 1, then We can assume that there is some vertical 
disparity, and the extent of the vertical disparity Would be 
generally proportional to the value of L*. 

[0127] Referring to FIG. 10, at block 62 if there is vertical 
disparity L* greater than a predetermined threshold (e.g., 
smaller than minus 1 or greater than plus 1), then the 
approximation variable alpha 0t is set to a predetermined 
value, e.g., zero (or some other value), either instantly or 
step-Wise. This results in the vieWer seeing in effect a 2D 
image or a loW parallax image for at least a moment or 
longer. At block 63, after such vertical disparity greater than 
the threshold no longer exists, the approximation variable 
alpha is alloWed to be adjusted, i.e., to vary as is described, 
for example, in the previous section and beloW. 

[0128] Referring to FIG. 11, Where the method 70 of FIG. 
10 is shoWn in greater detail, at block 71 assume there is 
vertical disparity L* greater than plus or minus 1. Therefore, 
the invention intends to reduce the magnitude of the 
approximation variable alpha 0t. This reduction may occur 
over the occurrence of several image frames, say 3 to 5 
image frames, Whereby the approximation variable alpha 0t 
is decreased from its current value to, for example, zero, in 
steps that are proportional to its initial value When the 
vertical disparity Was detected divided by the number of 
frames over Which it is being reduced. Thus, for example, if 
the value of the approximation variable alpha 0t Were 2.5 and 
it is to be reduced to zero over 5 image frames, each step 
Would be 0.5. 

[0129] As the approximation variable alpha 0t moves 
toWard zero, the difference betWeen the image frame X0 and 
the synthesized image (see the 2D To 3D Conversion section 
beloW) Would be reduced so that the 3D effect or stereo 
appearance of the images as vieWed through shutter glasses, 
for example, Would be reduced to reduce the depth effect. If 
the approximation variable alpha 0t Were zero, the vieWer 
Would see a 2D image. 

[0130] Another aspect of this invention is the changing of 
the number of steps (number of image frames) over Which 
the approximation variable alpha 0t is reduced to zero 
depending on the magnitude of the vertical disparity L*. 
Therefore, if the vertical disparity L* is relatively small (i.e., 
larger or smaller than plus or minus 1, but not, for example, 
7, then the approximation variable alpha 0t Would be reduced 
over, for example, an interval of ?ve images, i.e., in ?ve 
steps. HoWever, if the vertical disparity L* Were relatively 
larger or smaller than plus or minus 1, for example if it Were 
4, then the rate at Which the approximation variable alpha 0t 
Would be reduced Would be much quicker, for example, over 
tWo images (2 steps) or even immediately. 

[0131] After reaching zero or other target value, the 
approximation variable alpha 0t Would be kept at the target 
value until the vertical disparity L* Would revert to a number 
betWeen plus and minus 1. 

[0132] NoW, consider, hoW does the approximation vari 
able alpha ot Would groW or alter after the vertical disparity 
had reverted to beloW the threshold. It is undesirable for the 
approximation variable alpha 0t to revert to a large value 
instantaneously because that Would cause a jerky image 
going from 2D or a loW parallax image to an large depth 3D 
image (high parallax image), for example, that Would be 
unpleasant for the vieWer to see. 



US 2008/0085049 A1 

[0133] Referring to FIG. 11, a ?ow chart 70 is illustrated. 
Vertical disparity L* smaller than minus 1 or greater than 
plus 1 is detected as existing at block 71. Therefore, the 
current value of the approximation variable alpha 0t is stored 
at block 72. Thereafter, at block 73 the approximation 
variable alpha 0t is set step-wise to Zero or other target value 
(e. g., over a number of frames, the number depending on the 
magnitude of the vertical disparity L*) or, if the magnitude 
of the vertical disparity L* is large, e.g., exceeds some 
predetermined value, then the approximation variable alpha 
0t immediately is set to the target value or Zero. 

[0134] At block 74 the image X0 is displayed and the next 
synthesiZed image is computed and displayed. The display 
of those images is coordinated with the shutter glasses so 
one eye sees image X0 and the other eye sees the synthesized 
image. 

[0135] An inquiry is made at block 75 whether the vertical 
disparity L* exceeding the threshold still exists; if yes, then 
at block 76 the approximation variable alpha 0t continues 
being reduced or is kept at a target value, and at block 74 the 
next image X0 and the associated synthesized image are 
displayed, and so on. 

[0136] However, if the vertical disparity L* no longer 
exceeds the threshold (block 75), then the approximation 
variable alpha 0t is increased toward the previously stored 
value or other target value thereof until it reaches that value. 
The occurrence of each of those increases corresponds to the 
display of an image X0 and the immediately following 
synthesiZed image. The magnitude of each increase can be 
set by the user or can be determined by the system of the 
invention, e.g., a stepwise or some other ?xed or variable 
step or functional increase. As the approximation variable 
alpha 0t is increased, the 3D stereo e?fect increases for a 
given sequence of images 

[0137] After the approximation variable alpha 0t has 
returned to the previously stored value or other target value, 
the approximation variable 0t is allowed to adjust automati 
cally. Therefore, as the images of the ?rst sequence of 
images are received and are displayed and as the images of 
the second sequence of images are synthesiZed and dis 
played interspersed with the images of the ?rst sequence of 
images, 3D images again are displayed and may be seen by 
the viewer via the shutter glasses, for example. 

ADJUSTMENT FOR PROGRAM-TYPE (MOVIE OR 
SCENE TYPE) IN 3D TO 2D CONVERSION SYSTEM 

See the following chart: 

Pre-set Values of Parameters for 2D 
to 3D Conversion Software 

Scene Approximation Variable 

Type alpha Parallax Warp 

Action: 2. l 5 Asymmetric 
Talk Show: 4.3 6 Asymmetric 
Wildlife: 6 4 Tilt 
Music Video: 1.1 4 Lenticular 

[0138] An approximation variable alpha (0t) is used in the 
computing of synthesiZed images for display to one eye 
sequentially following the displaying of the actual image XO 
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to the other eye, as is described elsewhere herein. The instant 
feature of the invention relates to a pre-setting of the 
approximation variable alpha 0t to a speci?c level according 
to the type of scene, movie, video or the like (collectively 
referred to as movie below) that is being displayed. 
Throughout adjustment processes, these initial values also 
are used as target values, such as for the approximation 
variable 0t in the adjustment processes described above. 
While the exemplary values shown in the above chart are 
suitable for the display of several initial images, these target 
values are exemplary only and other values may be equally 
or better suited for a given scene depending on the input data 
stream. Other target values may be more suitable for other 
types of scenes. 

[0139] For example, the faster the movement typically 
found in the movie, the smaller the value of approximation 
variable alpha 0t ordinarily would be. Therefore, if a scene 
in a movie had more or faster action, the value of approxi 
mation variable alpha 0t would automatically tend to be 
reduced by the 2D to 3D conversion software used in the 
invention, as was brie?y described in the Introduction 
(above) and in the 2D To 3D Conversion section (below); 
likewise as motion slows, the value of approximation vari 
able alpha ot would tend to increase. 

[0140] In accordance with the instant feature or aspect of 
the present invention the user may pre-select the type of 
movie that is going to be watched, such as, for example, an 
action movie, talk show, wildlife movie, or music video. As 
usually is the case, action movies and music videos have 
relatively fast action in the various scenes thereof. There 
fore, the approximation variable alpha 0t would tend to be 
relatively small. Also, in the case of television talk shows 
and wildlife movies (in which an animal is watched for a 
while) the amount of motion is relatively slow in the various 
scenes; and, therefore, the value of approximation variable 
alpha 0t would tend to be relatively large. 

[0141] The present invention allows the user to pre-select 
the type of movie that is going to be watched. Such 
pre-selection sets an initial value for approximation variable 
alpha 0t. It also may set an initial value for parallax and 
warp, and these parameters and the approximation variable 
0t may be set and used in the 2D to 3D conversion process 
described in the Introduction and in the section below. The 
approximation variable 0t, parallax and warp parameters are 
described in the U.S., German and two PCT patent appli 
cations described above at the beginning of this patent 
application. I do not describe the details of parallax or of 
warp; suf?ce it to say here that they are parameters that may 
be set and used in the 2D to 3D conversion software. 

[0142] Such setting is shown by respective inputs 80-82 to 
the conversion unit 23 in the system 20 of FIG. 5. Accord 
ingly, the conversion unit may be used to provide those 
settings to the video unit 24. After the approximation vari 
able alpha ot is pre-set according to the type of movie that 
will be watched, the approximation variable alpha (or) may 
be adjusted automatically according to the actual motion that 
is detected, as is described elsewhere herein. 

[0143] The other parameters, e.g., parallax, warp, and/or 
others, similarly could be pre-set according to the type of 
movie. Also, as was described with respect to the approxi 
mation variable alpha (or), one or more of such other 
parameters may adjust automatically and/or may be set to a 
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prescribed value in response to detection of a given occur 
rence, such as a hard cut, vertical motion, etc. 

2D to 3D Conversion Using Approximation Variable 0t 

[0144] This section is referred to by the above sections as 
the 2D To 3D Conversion section. In this section the symbol 
Q is used to represent a Zero (0) value to try to avoid 
con?icting With the letter “0” that is used in several of the 
variables, formulas, etc. 

[0145] The basic components of a device according to the 
invention and their interconnections are schematically rep 
resented in FIG. 12. The system comprises a ?rst input E1, 
through Which the tWo-dimensional images generated by a 
camera and transmitted across a transmission path are 
directed to anA/ D converter 110 and digitiZed. The digitiZed 
images are then directed to an image storage device 111 and 
a phase selector 116. The phase selector determines Whether 
the average motion in the image sequence is going to the left 
or right. The images saved in the image storage device 111 
are analyZed by a phase analyZer 112, the input of Which is 
connected to the image storage device 111, and the output of 
Which is connected to the phase selector 116. The phase 
analyser 112 analyZes Whether the average motion is going 
to the left or right; based on that analysis or information the 
phase selector 116 determines Whether the image goes to (is 
directed to) the right eye or to the left eye. In addition, a 
long-term storage device 113 is connected to the image 
storage device 111 for storing images from this storage 
device and the output of Which is connected to an image 
generator 115. 

[0146] Furthermore, the image generator 115 is also con 
nected to another output of the image storage device 111 and 
of a motion analyZer 114, to Which images from the image 
storage device 111 are directed. In addition, the device 
comprises a second input E2 for manual motion control 
connected to the image generator 115, as Well as a third input 
E3 for manual phase control attached to the phase selector 
161. The manual motion control may be operated to select 
or to toggle betWeen stereo and inverse stereo (also some 
times referred to as pseudo stereo). A right or left stereo 
image BL, BR is attached to tWo outputs of the phase selector 
116, Which are connected to a ?rst or second output A1, A2 
of the device. These outputs A1, A2 may be coupled to a 
computer display, monitor, television, projector or any other 
display to provide respective images. 

[0147] A second image sequence is generated by this 
device based on a (?rst) image sequence recorded in tWo 
dimensions. Together With the ?rst image sequence, the 
second sequence makes it possible to vieW the originally 
tWo-dimensional images in three dimensions When the ?rst 
and second image sequences are transmitted to the left or 
right eye. The second image sequence is de?ned according 
to the folloWing description based on image information 
resulting from the motion in the ?rst image sequence. The 
folloWing de?nitions apply: 

[0148] Xij is a digitiZed image at time t With vertical 
resolution I and horizontal resolution I. For convenience and 
standardiZation in describing the invention herein, With 
regard to the symbols, as used herein, upper case letters, e.g., 
Xij, represent a grouping, such as, for example a digitiZed 
image that is formed by a number of pixels, and loWer case 
letters, e.g., xii, represent a portion of the grouping, e.g., a 
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pixel of the image. The scan interval is At, so that the 
folloWing formula is de?ned for an image scanned at time k 
and saved in the image storage device 111: 

[0149] The above formula concerns an image stored in the 
image storage device 111. The above formula is a de?nition. 
The symbol :=means “is de?ned as”. Also, the above for 
mula indicates that the X image that previously had been 
received and remains stored in the system as l, 2, 3, . . . etc. 

images/frames/?elds ago, is de?ned as the image Xij that is 
a function of or has occurred at the current or immediate 
time t minus the scan interval At times the number of the 0 
time (image). “K” represents the number of images or 
frames that currently are stored in the system and “k” 
represents the number of the particular image that had been 
stored, e.g., one image ago, tWo images ago, etc. X0 is 
de?ned as the current image. 

[0150] The most recent K images are located in the image 
storage device 111 With length K. Oéoték is a real number 
representing the time interval of a given image Xk, at Which 
a (synthetic also referred to herein as “synthesiZed”) image 
of the second image sequence is generated. The approxima 
tion variable, 0t, may be an integer, e.g., l, 4, etc., or it may 
be a decimal or fraction, e.g. 0.2, 1.4, 4.3, etc. In addition, 
BL represents the given displayed left image and BR the 
given displayed right image. The letter “X” is upper case just 
above because it is a “given image” rather than a pixelia 
pixel Would be represented by the loWer case letter “x.” 

[0151] As a non-limiting example, the number (K) of 
images stored in the image storage device 111 may be four 
or six; these Would be the last (e. g., the most recent) four or 
six images that Were stored. The number K of such images 
may be other than four or six. Thus, each stored image may 
be represented X1, X2, . . . X6, that is Xk. The respective 
images Xk are shifted in the image storage device 111 as neW 
images are provided. 

[0152] It is assumed that a ?xed initial value is given to 0t. 
The images Xk in the image storage device 111 are vieWed 
as sample values (scanned image sequence according to 
curve b in FIG. 13) of a constant function (actual image 
sequence according to curve a in FIG. 13). Various methods 
of approximation may be applied to this function. The 
folloWing explanations relating to FIG. 13 refer to a linear 
spline approximation. HoWever, other methods of approxi 
mation may be used as appropriate; for example, higher 
level or polynomial approximations. 

[0153] FIG. 13 shoWs an image sequence in tWo-dimen 
sional (I/J-) space. The second image sequence is calculated 
by the image generator 15 as folloWs: ?rst, an is calculated 
as the largest Whole number (integer) Which is smaller than 
0t. Next, (x0 is calculated as the smallest Whole number 
(integer) Which is larger than 0t. So: 

In the above equations the symbols X** actually mean the 
images (or image data) X that is associated With number (x0 
or number an. In the symbology used herein the number Zero 
is shoWn as to Q, that is a “0” With a line through it to 
facilitate distinguishing the number Zero from the letter “0”. 
Also, upper case letter X is used in the respective paragraphs 
just above and just beloW since it represents an image, not 










