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(57) ABSTRACT 

A method and system for reducing ghost images in plano 
stereoscopic image transmissions is provided. The method 
comprises establishing a plurality of expected ghosting 
pro?les associated With a plurality of predetermined regions 
on a screen, and compensating for leakage in each prede 
termined region of a projected left and right eye images by 
removing an amount of ghost images leaking from the 
projected left eye image into the projected right eye image 
and vice versa. The system comprises a processor con?gured 
to receive the quantity of ghost artifacts and compute ghost 
compensation quantities for left eye images and right eye 
images. The processor is further con?gured to remove an 
amount of actual image ghost artifacts leaking from a 
projected left eye image into a projected right eye image and 
vice versa. The processor is also con?gured to compute 
ghost compensation quantities for each of a plurality of 
Zones, each Zone corresponding to a region on a screen 
having an expected ghosting pro?le associated therewith. 
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GHOST-COMPENSATION FOR IMPROVED 
STEREOSCOPIC PROJECTION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 60/685,368, ?led May 26, 
2005, entitled “Ghost Compensation for Improved Stereo 
scopic Projection,” inventors Matt CoWan et al., the entirety 
of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present design relates to the projection of 
stereoscopic images, and in particular to reducing the effects 
of image leakage betWeen left eye and right eye vieWs, also 
referred to as crosstalk or “ghosting.” 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Stereoscopic images are created by supplying the 
vieWer’s left and right eyes With separate left and right eye 
images shoWing the same scene from respective left and 
right eye perspectives. This is knoWn as plano-stereoscopic 
image display. The vieWer fuses the left and right eye images 
and perceives a three dimensional vieW having a spatial 
dimension that extends into and out from the plane of the 
projection screen. Good quality stereoscopic images demand 
that the left and right eyes are presented independent images 
uncorrupted by any bleed-through of the other eye’s image. 
In other Words, stereoscopic selection or channel isolation 
must be complete. Stereoscopic selection can be accom 
plished to perfection using isolated individual optical paths 
for each eye, as in the case of a BreWster stereoscope. But 
When using temporal sWitching (shuttering) or polarization 
for image selection, the left channel Will leak to some extent 
into the right eye and vice versa. The effect of this leaking 
is referred to as ghosting or crosstalk. 

[0006] Various designers have attempted to reduce 
crosstalk or the ghosting artifact in stereoscopic displays. 
Most notably, Levy, in US. Pat. Nos. 4,266,240, 4,287,528, 
and 4,517,592, lays out the basic technology for subtracting 
a portion of one image from the other to reduce the ghosting 
effect. Levy’s implementations Were directed to stereoscopic 
television systems. Ensuing solutions draW heavily on 
Levy’s Work and add relatively small improvements. 

[0007] In the motion picture realm, many degrading arti 
facts have been cited in the literature as detracting from the 
enjoyment of the projected plano-stereoscopic motion pic 
ture experience, including the breakdoWn of convergence 
and accommodation, unequal ?eld illumination, and lack of 
geometric congruence. None of these artifacts are more 
important than leakage betWeen left eye and right eye 
images. Stereoscopic movies shoW deep, vivid images that 
create a signi?cant, realistic perception of a spatial dimen 
sion that extends into and out from the plane of the projec 
tion screen, and this effect is most degraded by crosstalk. 

[0008] Certain solutions have been proposed to address 
ghosting, but many of the proposed solutions tend to be 
uniform across an image or screen surface, i.e. remove the 
same ghosting artifacts in the same Way regardless of screen 
position, environment, or any other pertinent factor. 

[0009] The present design seeks to address the issue of 
ghosting or crosstalk in a projected plano-stereoscopic 
motion picture environment. It Would be advantageous to 
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offer a design that enhances or improves the display of 
projected plano-stereoscopic motion pictures or images by 
reducing the crosstalk associated With such motion picture 
or image displays over designs previously made available. 

SUMMARY OF THE INVENTION 

[0010] According to a ?rst aspect of the present design, 
there is provided a method for reducing ghost images in 
plano-stereoscopic image transmissions. The method com 
prises establishing a plurality of expected ghosting pro?les 
associated With a plurality of predetermined regions on a 
screen, and compensating for leakage in each predetermined 
region of a projected left eye image and a projected right eye 
image by removing an amount of ghost images leaking from 
the projected left eye image into the projected right eye 
image and from the projected right eye image into the 
projected left eye image. 

[0011] According to a second aspect of the present design, 
there is provided a system for reducing ghost images in 
plano-stereoscopic image transmissions. The system com 
prises a processor con?gured to receive the quantity of ghost 
artifacts and compute ghost compensation quantities for left 
eye images and right eye images. The processor is further 
con?gured to remove an amount of actual image ghost 
artifacts leaking from a projected left eye image into a 
projected right eye image and from the projected right eye 
image into the projected left eye image. The processor is 
con?gured to compute ghost compensation quantities for 
each of a plurality of zones, each zone corresponding to a 
region on a screen having an expected ghosting pro?le 
associated thereWith. 

[0012] These and other advantages of the present inven 
tion Will become apparent to those skilled in the art from the 
folloWing detailed description of the invention and the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1A is a systematic representation of a tWo 
projector system With the projectors independently project 
ing left and right images, using polarizers to modulate the 
left and right channels; 

[0014] FIG. 1B shoWs a single projector system employ 
ing a polarization modulator in the projected beam to alter 
the polarization state; 

[0015] FIG. 1C is a systematic representation of a varia 
tion of the single projector system With the left and right 
frames projected in sequence using active eyeWear; 

[0016] FIG. 2A is a systematic representation of a system 
using active glasses similar to that shoWn in FIG. 1C, using 
a direct vieW display or monitor; 

[0017] FIG. 2B is a systematic representation of a system 
using polarization modulation and is similar to that shoWn in 
FIG. 1B; 

[0018] FIGS. 3A-3E demonstrate the effect of ghosting 
and a process for its compensation; 

[0019] FIG. 4 shoWs the use of a test pattern to charac 
terize the ghosting at a given installation; 

[0020] FIG. 5 shoWs a process for producing left and right 
eye images that are compensated to reduce ghosting; 
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[0021] FIG. 6 shows embodiments for postproduction and 
mastering applications where compensation may occur in 
real-time or as an off-line render; 

[0022] FIG. 7 shows real-time ghost compensation pro 
vided in a theater video server; 

[0023] FIG. 8 shows details of the embodiment of FIG. 7; 

[0024] FIG. 9 shows real-time ghost compensation per 
formed by a stand-alone unit between the theater video 
server and the projector; 

[0025] FIG. 10 shows details of the embodiment of FIG. 
9; 

[0026] FIG. 11 shows real-time ghost compensation pro 
vided in a theater projector; 

[0027] FIG. 12 shows details of the embodiment of FIG. 
11; 

[0028] FIG. 13 illustrates where real-time ghost compen 
sation provided using an advanced computer graphics card; 

[0029] FIGS. 14A and 14B show a system for automating 
the ghost compensation calibration process at an installation 
site, and a process ?ow for the automation process; 

[0030] FIGS. 15A and 15B show the improvement in the 
head tipping range provided by ghost compensation as 
described herein; 

[0031] FIG. 16 is a ?owchart overview of operation of the 
present design; and 

[0032] FIGS. 17A-17F illustrate a segmented approach to 
ghost or ghost artifact compensation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] Preferred embodiments of the present design focus 
on large screen projection for entertainment, scienti?c, and 
visual modeling applications. Such projection altemates the 
left and right image on the same screen area using temporal 
switching or polarization to select the appropriate images for 
each eye. In the case of temporal switching, which may be 
combined with polarization modulation, the display alter 
natcly transmits left and right eye images, and an electro 
optical or similar polarization modulator is employed as part 
of the selection system to direct the appropriate image to the 
appropriate eye. The modulator is best located at the pro 
jector and used in conjunction with analyzer glasses worn by 
audience members. An alternate method is to use shuttering 
eyewear and dispense with the polarization switching 
approach. Selection devices are synchronized with the frame 
or ?eld output of the projector to ensure that the frame or 
?eld can be perceived by the appropriate eye. 

[0034] In such projection systems, crosstalk results from a 
variety of sources, including the imperfect polarization 
modulation of the displayed image, a timing mismatch 
between polarization switching and the frame or ?eld output 
of the display, the imperfect phase of the switch, allowing 
the wrong eye to leak through at the beginning or end of the 
frame, imperfect or leaking analyzers for viewing the polar 
ized light, polarization state contamination caused by pro 
jection screen depolarization; polarization state contamina 
tion caused by airborne dust or dust on the port glass or 
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modulator surface, and, in a linear polarizer selection sys 
tem, relatively slight rotation of the analyzer glasses. 

[0035] The present design addresses these sources of 
crosstalk in projection applications through an empirical 
calibration process characterizing the crosstalk speci?c to 
the projection equipment, image polarization or shuttering 
equipment, projection screen, viewer image selection equip 
ment, and environment of a given installation. This process 
yields “ghosting coefficients” that characterize the measured 
crosstalk and are used to compensate image data at the 
projection site to provide installation-speci?c crosstalk can 
cellation. 

[0036] Crosstalk is a linear phenomenon that affects each 
part of the image to the same proportion. Crosstalk may be 
color dependent in so far as the primary colors that make up 
the image may have different crosstalk characteristics. In 
such cases each color may be compensated individually. 

[0037] The present design may be applied to the class of 
displays in which the entire image area is addressed or 
displayed simultaneously. In this case, the predicted ghost 
ing is uniform across the entire screen, and characterization 
of crosstalk is preferably done by making a single measure 
ment of crosstalk for each primary color to obtain a complete 
characterization with a single coef?cient for each primary 
color. Alternative embodiments may utilize displays in 
which the display is written to the screen in lines, segments, 
or blocks. Where the image is displayed in segments, the 
ghosting depends on the timing of the display of the seg 
ment, related to the switching speed of the modulator or 
shutter and their temporal characteristics. For segmented 
displays, characterization may be done for each segment, or 
for a sample of segments and then interpolated for the other 
segments. 

[0038] The present design may also be applied in systems 
where the level of ghosting is different in different areas 
across the screen. In this case the system creates a seg 
mented ghosting map where different ghost coef?cients are 
applied in different areas of the screen. This is particularly 
applicable with polarized projection on silver screens, where 
the level of ghosting tends to be highly dependent on the 
projection angle and the viewing angle of the images. 

[0039] The present design bcnc?ts both linear and circular 
polarization implementations. Linear polarization has higher 
extinction but greater angular dependency of the polarizer 
with respect to the analyzer and shows degradation when the 
viewer tips his head to one side, whereas circular polariza 
tion selection has lower extinction but is far more forgiving 
with regard to head tipping. Using circular polarization for 
image selection can exhibit low crosstalk comparable to 
crosstalk obtained when employing linear selection. Using 
linear polarization for image selection in accordance with 
the present design can provide an improved head tilting 
range comparable to that obtained when circular polarization 
selection is employed. 

[0040] FIGS. 1A, 1B and 1C show drawings of typical 
systems for stereoscopic projection. Aspects of each system 
contribute to the crosstalk as described below. FIG. 1A is a 
two-projector system in which projectors 101, 102 indepen 
dently project left and right eye images modulated by 
corresponding linear or circular polarizers 103, 104. One 
source of ghosting in this system is incomplete conservation 
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of polarization that allows a residual component to leak to 
the eye Whose channel is nominally blocked. Light is 
re?ected from a projection screen 105. Projection screen 105 
preferably conserves the polarization of the light projected 
thereon. In actual practice the screen Will to some extent 
depolarize the incident light, resulting in further ghosting. 
Glasses 106 that are used to analyze the polarized light are 
imperfect and also contribute to ghosting. 

[0041] FIG. 1B shoWs a single projector system employ 
ing a polarization modulator 108, such as a Projector 
ZScreen® by StereoGraphics®, located in the projected 
beam. A stereoscopic source drives projector 107 and pro 
vides parallel left eye and right eye channels or left and right 
eye channels in sequence on a single input. HoWever for 
matted, the end result is frames projected in a sequence of 
left-right-left-right, and each particular frame may be 
sequenced to repeat (e.g. L1, R1, L1, R1, L2, R2, L2, R2, 
L3, etc.). The projected beam passes through modulator 108 
Which sWitches polarization states in synchrony With the 
frame rate of the projector. The system images the projected 
beam on the vieWing screen 109 and the vieWer observes the 
screen through passive polarized analyzer glasses 110. 

[0042] In this system, a primary cause of ghosting is 
imperfect polarization of the analyzer glasses 110. Some 
times the depolarization artifact exhibits a color dependency, 
resulting in more ghosting in one color than another. In 
addition, imperfect synchronization or phasing of the modu 
lator With respect to the ?eld rate may result in ghosting. In 
liquid crystal technologies used for modulation, a sWitching 
time on the order of hundreds of microseconds may be 
required for a change in state. If a ?eld or frame is projected 
during this transitional period, ghosting Will be introduced. 

[0043] FIG. 1C shoWs a variation of the single projector 
system. The projector 111 projects left and right frames in 
sequence to the projection screen 113 as described above. 
No modulator is used in the optical path at the projector and 
instead of sWitching polarization the vieWer Wears active 
glasses 114, such as CrystalEyes® by StereoGraphics. The 
active glasses 114 sWitch a liquid crystal shutter Worn over 
each eye betWeen a transmissive and a blocking state in 
synchrony With the projected left and right eye images. 
SWitching is controlled by a Wireless sync signal emitter 112 
that communicates With the glasses via a communication 
medium, such as infrared or radio frequency, to sWitch them 
in sync With the frame output. In this implementation, 
ghosting results from factors similar to those previously 
described, such as the synchronization of the shutters With 
the ?eld rate and their imperfect dynamic range. 

[0044] FIG. 2A shoWs another system someWhat similar 
to that of FIG. 1C, using a direct vieW display 201 instead 
of a projected display. The vieWing screen alternately dis 
plays left and right eye vieWs, and the system synchronizes 
active shuttering glasses 202 by a Wireless or Wired com 
munication link 203 With the frame rate of the display. FIG. 
2B illustrates a system similar to that of FIG. 1B using a 
polarization modulator, such as the Monitor ZScreen® by 
StereoGraphics, covering the display. The display 204 is 
vieWed through the modulator 205 synchronized With the 
frame rate of the display 206. Passive polarized glasses 207 
are used to select the appropriate image for each eye. 

[0045] FIGS. 3A-3E illustrate the effect of ghosting and 
the basic principle of its correction. FIG. 3A shoWs original 

Nov. 30, 2006 

uncompensated left eye and right eye images that form an 
image pair for creating a stereoscopic perception. FIG. 3B 
shoWs the images actually perceived by the vieWer’s eyes 
When crosstalk creates ghost images during vieWing of the 
image pair using one of the systems as described above, or 
the uncompensated vieWs received by the vieWer’s eyes. 
FIG. 3C shoWs the isolated ghost components, Where the 
isolated components are to be subtracted from each eye’s 
image from FIG. 3B. In other Words, the right eye image of 
FIG. 3B shoWs a left side image and a right side image, and 
the left side image is the image desired to be retained/ 
transmitted. FIG. 3C shoWs the isolation, in the right eye 
image, of the ghosted image, here the right side image, that 
is to be subtracted from the right eye total image of FIG. 3B. 
FIG. 3D shoWs compensated images, Where the ghost image 
perceived at each eye is subtracted from the original image 
to be provided to the opposite eye. FIG. 3E shoWs the left 
eye image and right eye image actually perceived When the 
compensated images of FIG. 3D are projected and vieWed 
through the same system that originally caused perception of 
the images of FIG. 3B through the display of the images of 
FIG. 3A. 

[0046] The systems identi?ed in FIGS. 1A, 1B, 1C, 2A 
and 2B introduce different degrees of ghosting, depending 
on the quality and implementation of the components used 
in the system. The amount of ghosting produced by a given 
installation of a given system is preferably measured empiri 
cally to characterize the unique ghosting characteristics of 
that system. As described above, measurements are prefer 
ably made for each primary color (i.e. each individual 
subpixel color) of the projection system. In a conventional 
display system, this involves characterizing each of the three 
color channels (red, green, blue) that combine to form the 
color image. In systems With more (or feWer) primary 
colors, analogous processes apply. Because the factors that 
produce ghosting are linear effects, single point per color 
characterizations may be made to predict the ghosting of the 
image as a Whole. 

[0047] The basic process for characterizing the ghosting or 
crosstalk in a given system is to use test patterns that provide 
a full luminance (White or a primary color) image for one 
eye and a zero luminance (black) image for the other eye. 
These images are displayed or projected by the system in 
L-R-L-R sequence. While a test pattern is displayed, the 
amount of light passing through the left and right eye 
portions of a pair of analyzer glasses located in a normal use 
position can be measured. The amount of light arriving at 
each eye location in response to the test patterns empirically 
characterizes the effects of all sources of crosstalk in the 
optical path betWeen the projector and the vieWer’s eyes. 

[0048] FIGS. 4A and 4B illustrate a process for charac 
terizing ghosting using test patterns as described above. 
FIG. 4A shoWs the use of a test pattern that provides full 
luminance to the left eye and zero luminance to the right eye. 
A luminance meter 400 may be placed behind a pair of 
analyzer glasses 402 to measure the luminance at each 
respective eye position. The luminance meter 400 may be a 
hand-held device that has a photosensing element for receiv 
ing light input and measuring circuitry for measuring and 
displaying or outputting data characterizing the luminance 
received by the photosensing element. Examples include the 
Photo Research PR650 and the Minolta CL-lOO. Since the 
left and right eye images of the test pattern are displayed in 














