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ABSTRACT

Crosstalk (also known as “ghosting”, “leakage”, or “extinction”), a vitally important concept in stereoscopic 3D
displays, has not been clearly defined or measured in the stereoscopic literature (Woods™). In this paper, a
mathematical definition is proposed which uses a “physical” approach. This derivation leads to a clear definition of left-
view or right-view crosstalk and shows that 1), when the display’s black level is not zero, it must be subtracted out and
2), when the source intensities are equal, crosstalk can be measured using observed intensities totally within the
respective view. Next, a simple method of measuring crosstalk is presented, one that relies on only viewing a test chart
on the display. No electronic or optical instruments are needed. Results of the use of the chart are presented, as well as
optical measurements, which did not agree well with chart results. The main reason for the discrepancy is the difficulty
of measuring very low light levels. With wide distribution, this tool can lead to the collection of useful performance
information about 3D displays and, therefore, to the production of the best stereoscopic displays.
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1. INTRODUCTION

Maintaining low crosstalk in a stereoscopic display system — that is, reducing, or extinguishing if possible, the amount of
“wrong” image in each eye (also known as “ghosting” or “leakage”) — is critically important for comfortable and high-
quality 3D viewing. A moderate amount can cause eyestrain; a large amount will prevent fusing the 3D scene.
However, when evaluating a stereoscopic display, it is often difficult to measure the amount of crosstalk in the display:

e Due to complexity of the system,

e  Due to lack of measurements,

e Due to the reluctance of manufacturers to release data,
e Due to difficulty of making the measurement.

Furthermore, we find in the stereoscopic literature (Woods!*!) that there is much ambiguity and confusion about both the
descriptive and mathematical definitions of this important concept. One objective of the current work is to model the
stereoscopic image-making process and to come up with a clear mathematical definition.

A second objective is to propose a simple method of measuring the crosstalk fraction and extinction ratio that relies on
viewing test patterns on the display without the need for electronic or optical instruments. Our hope is that this tool can
be distributed widely and will lead to the collection of consistent information about 3D displays, and therefore, to the
production of the best stereoscopic displays possible.

In this paper, we focus on a mathematical definition of crosstalk. As discussed by Woods!®!, mathematical definitions of
“crosstalk”, “ghosting”, “leakage”, and “extinction ratio” are quite varied within the stereoscopic literature. Sometimes,
when characterizing “white-to-black” crosstalk’, a simple ratio of the ghost image (the crosstalk contribution) to the
white image in the same eye is used!”’; sometimes this ratio is taken against the white image as seen in the opposite

view!® ™). Sometimes it is taken against the source image rather than the output, observed image!'”. Sometimes the
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black level is subtracted out!!IZMBIAISIIENT], g6 metimes not In order to confirm which formulation is most

appropriate, a “physical” model of crosstalk is developed in the next section.

(7181091101

2. DEFINING CROSSTALK

A model of the optical process for the formation of stereoscopic images is given in Figure 1. Going from left to right on
the diagram, the Left and Right Source Images create source light intensities* that enter into “stereoscopic processing”.
This is where the two images are combined — so that they overlap as perfectly as possible in the resultant stereo view —
and separated back into each of the viewer’s eyes.
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Figure 1. Physical model of the stereoscopic display process, showing light passing from source images, through
stereoscopic processing, to observed images. (The variables are defined in the text.)

The combining/separating process takes various forms and technologies. It could be temporally multiplexed (as in time-
sequential CRTs, LCDs, or projectors), spatially multiplexed (as in row-interleaved and autostercoscopic displays), or
two-channel (as in projector systems or head-mounted displays). A dual projector display, for example, encodes the left
and right images with polarized light and overlays them on a (polarization preserving) screen. Polarized glasses are used
to decode the two images into the two eyes. The stereoscopic processing part of the display system consists of the
projector filters, the screen, and the glasses. The optical processing of any part of this sub-system can be incomplete,
leading to crosstalk.

After stereoscopic processing, an observed left or right image is composed mostly of light that was intended for that
view, but there can be some “leaked” or “crossed over” contribution from the unintended image. In addition, there could
be a contribution from ambient light. Therefore, the observed image intensity for each eye (O1,, Og) is made up of three
components:

O, = Dy + Cp + Ap (la)
Og = Dg + Cgp + Ay (1b)
where
D = Direct contribution to the observed image.
C = Crossover contribution to the observed image.
A = Ambient light contribution to the observed image.

The direct and crossover contributions can be characterized as portions of the source intensities; i.e., let

! By “intensity”, we are referring to the luminance at some position on the display surface, which is usually measured in cd/m?. This
emitted light can have any spectral character. For example, in color displays, the formulation could be applied to the red, green, and
blue channels separately.
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T, = Di/Sy , 1x = Dx/Sg (2a,b)
Xer = Cu/Sr , X = Cr/St (3a,b)
where S1,, Sk = left and right source image intensities. These fractions can be called
“transmittance” (T, and Ty), the fraction of source image that is intended for each eye, and
“crosstalk” (xrr, and ¥ rr), the fraction of source image that crosses over or leaks, forming the “ghost” image.

Note the subscript notation “RL” and “LR”. “RL” is used to represent the crosstalk from Right Image to Left Image,
and vice-versa. This clarifies which crosstalk contribution is being referred to. Both crosstalk and transmittance are
simply fractional quantities, not constants. Since the formation of images on stereoscopic displays is sometimes

nonlinear, these quantities can be functions of the source intensity levels (as in time-sequential liquid-crystal displays
[15][16][17])

Equations 3 provide a simple, basic, definition of crosstalk: the leaked intensity in one view as a fraction of the source
intensity of the other view. Unfortunately, it is often impossible to measure these quantities. The source intensity must
be measured before stereo processing; on some displays, such as those with a lenticular or polarizing film, this cannot be
done. In addition, the observed intensities (of Equation 1) are the sum of three contributions. Even if we reduce the
ambient light to zero, the observed light is the sum of direct and crossed-over light. There are two measured quantities
and four unknowns. Theoretically, we could “turn off”, say, the left view and measure only a direct contribution in the
right and a crossover contribution in the left. However, in most displays, when black images are presented to the
display, the resulting light output is not zero. Thus, the direct contribution in the left and the crossover contribution in
the right have not been eliminated.

The light level of a black image (i.e., zero “signal”) is called the black level (BL) of the display. LCDs, in particular,
have a relatively high BL, which can be comparable to the crossover contribution. Even for displays having very low
intrinsic BL, such as CRTs, plasmas, and OLEDs, there can still be a significant BL if their contrast and/or brightness
levels are not adjusted properly.

The conclusion is that a formulation is required that subtracts out any influence of the black level. In addition, it should
use quantities measured after stereo processing and, if possible, in only one view. This is presented in the next section.

3. MEASURING CROSSTALK

In most stereoscopic 3D displays, the maximum ghosting® occurs when one view has maximum signal level, or a
“white” image, and the other has minimum signal level, or a “black” image. This is commonly called white-to-black
crosstalk and is the most common way to characterize crosstalk in 3D displays.

As discussed above, white and black image pairs are not sufficient to measure crosstalk when the display has a non-zero
black level. A third image pair must be added so that the black level can be properly accounted for. This is illustrated
in Figure 2. White and black source image pairs are combined to produce three pairs of observed images. For the left
view, for example, there are three resulting observed images: “White”, “Ghost”, and “Black”, as follows,

e  White: The observed image is composed of mainly the direct white image with a small crossover component
from the black image, plus ambient; i.e., from Equations 1, 2, and 3,

Op = T, (W) + X (B) + Ay (4a)

e  Ghost: The observed image is composed of the direct black image plus the crossover white image (these two
can be similar in magnitude), plus ambient,

o = TL(B) + XRL(W) + Ap (4b)

GL

¥ As discussed by Woods®! and others, ghosting, that is, the perception of crosstalk, also depends on content. For example, when the
disparity (or parallax) of homologous objects is very small or zero, the crossover contribution lies on top of the direct contribution and
is therefore not noticeable by the user. However, the contribution is still there and can be measured.
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e Black: The observed image is composed of the direct black image plus the crossover black image, plus ambient,

OBL= TL(B) + XRL(B) + A (4c)
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Figure 2. Two white and black Source Images combine to form six Observed Images: “White”, “Ghost”, and “Black™ for
each view. (Variables are defined in the text.)

where W is the light intensity coming from the white source image and B is the intensity of the black source image. Even
though the black image comes from the minimum signal level (e.g., “zero gray-level”), it will not necessarily be zero,
because of the black level of the display.

Subtracting Equation 4 c from 4a and Equation 4 ¢ from 4b, leads to, respectively,

OWL - OBL = TL(W - B) (5a)
Op ™ Opp = X, (W = B) (5b)

And in turn,
Xzr = T1(Ocr — Osr) / (Owr — Ost) . (6a)

A similar derivation follows for the right view,
Xtk = Tr(Ocr = Ogr) / (Oyr — Ogr) . (6b)

This result is convenient because all the quantities are measured on the “same side”. However, these equations are not
convenient because they still require the transmittance factors, which could be difficult to measure. Therefore, the final
step is to define an “observed” crosstalk as

OCTrr, = Xrt/Tr = (Ot — Ogi) / (Own — Osr) (7a)

OCTir = X1r/Tr = (Ogr = Ogr) / (Owr — Osr) . (7b)

This parameter has been called “System Crosstalk” by Huang!''! and is used by many authors!"*!' 3107 - ye refer to

it here as “observed crosstalk” to emphasize that it uses quantities measured in the observed images and to distinguish it
from the crosstalk fraction defined by Equations 3. We suggest the previous crosstalk fraction, x, be called “intrinsic”
crosstalk because it is defined by the source of the crossover contribution. As seen in Equations 7, the difference
between observed and intrinsic crosstalk is the transmittance.

Authors will sometimes use the term “extinction ratio” when referring to crosstalk™. The Extinction Ratio is the inverse
of the crosstalk fraction. That is,

ERpr, = 1/0CTzy = (Owr = Osr) / (Ogr = Osr) (8a)
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ERir = 1/OCTLR = (Owr = Ogr) /<OGR = Ogg) (8b)

For example, good values for OCT and ER in a stereo display are 1% and 100:1, respectively.

4. RELATING OBSERVED CROSSTALK TO GRAY-LEVELS

Within computers and digital video systems, the “gray-level” is the numerical representation of the brightness of a pixel,
usually in the range [0,255]. This is the “signal” that is sent to the display. For legacy reasons that we will not discuss
here, the display response, that is, the intensity displayed for a given gray-level, is nonlinear. According to the sSRGB
color standard (the default for most computers), this nonlinear “transfer curve” from gray-levels (G) to intensity (O) is

O/Omax = (G/Guax) /12.92 , for G/Guax < 0.04045 (9a)
0/Omax = ((G/Guax) +0.055)/(1+0.055))"2.4 , for G/Gux >= 0.04045 (9b)
where Oyay and Gy are the maximum intensity and gray-level values, respectively. (¥
This curve is usually approximated as “Gamma 2.2”, or
0/Omax = (G/Gwax) 2.2 , for 0 =< G/Guy =< 1 (10)

Gamma 2.2 is actually not a good approximation for the low intensity range where crosstalk exists. This is demonstrated
in Figure 3. Although these two formulas track well over most of the 0 to 1 range, below about 6% of maximum
intensity they diverge. In the range of typical ghost intensities, around 1%, the two curves differ by 40% to 60%.
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Figure 3. Comparing sSRGB to Gamma 2.2: a) linear plot, b) log-log plot. X-axis: scaled gray-level (G/Gyay), Y-axis:
scaled intensity (O/Oyax).

Which do we use? Discussions in the literature (e.g., Koren!®) indicate that most monitor calibration procedures ignore
sRGB, and simply calibrate to Gamma 2.2. Figure 4 shows a calibration of a stereoscopic LCD (JVC GD463D10U)
using the “Spyder3Elite”?® colorimeter. (This monitor uses passive glasses with row-interleaved polarization. The
calibration was done without polarizing filters on the Spyder.) We see that the calibrated transfer curve is closer to
Gamma 2.2 in this low range where the two curves diverge.
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Figure 4. The lower 10% of the transfer curve for a calibrated and uncalibrated 3D monitor, comparing to SRGB and
Gamma 2.2. X-axis: scaled gray-level (G/Gyax), Y-axis: scaled intensity ( (0-Og) / (Ouax=0Og) ).

In the “real world”, a display might suffer from “white crush” and/or “black crush”. That is, the transfer curve might be
truncated at top and/or bottom, as illustrated in Figure 5, possibly because of poor adjustment of the display’s contrast
and brightness controls. The transfer curves of Figure 4 were performed after removing white and black crush.

Otz

Observed
Light
Intensity

Gray Level

Figure 5. A “real world” display transfer curve.

White and black crush can be removed, or at least minimized, using the display’s brightness and contrast adjustments;
however, there is usually a residual black level (which is, of course, large or small depending on the display technology).
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This acts as a “pedestal” or bias on which the signal rides. Thus, assuming that Gamma 2.2 is our best estimate for the
transfer curve, Equation 10 is modified to read

(0 - OB)/(OMAX - 0g) = (G/GMAX)Az-z (11)

where Og is now the black level of the display, the output intensity for a zero gray-level image. The left-hand side of
this equation is “scaled” intensity. This is what is used in Figure 4.

This leads to equations for observed crosstalk in terms of gray-levels:
OCTgy, = (Ogy = Osp) / (Owr = Opr) = (Ggr/Guax) *2.2 (12a)
OCTir = (Ogr = Ogr) / (Owr = Ogr) = (Ggr/Guax) "2.2 (12b)

That is, if we can estimate the crosstalk intensities in terms of gray-levels, we can actually measure the crosstalk
fraction. Note that this result is based on the following assumptions:

1. White and black crush have been eliminated.
2. The display has been calibrated to Gamma 2.2.

3. This calibration is valid after stereo processing.

S. THE TEST CHART

Weissman'"! and Bloos!”! have published charts to measure crosstalk (Figure 1). While they do provide a means to
compare displays, the numerical results on these charts are in error because the interpretation is in gray-levels rather than
intensity values. That is, the nonlinear transfer curve between gray-levels and intensity was neglected. (Weissman’s
chart was corrected in 2008.)
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The new chart, the “Stereoscopic Crosstalk Test Chart”"", presents all scales as percent intensity and makes it easier to
compare the ghost image of the white image with graduated gray patches. As shown in Figure 7, the ghost image comes
from the seriated white row of the opposite image and is interleaved with the gray patches for better readability. The
gray patches are calibrated according to Equations 12.

STEREOSCOPIC CROSSTALK TEST CHART - v2.1 - January 2011
LEFT BLACK INTENSITY LEFT WHITE INTENSITY (%)

0 01 02 03 04 05 06 07 08 09 1.0 90 91 92 93 94 95 96 97 98 99 100

LEFT CROSSTALK (%)

0 05 10 15 20 25 30 36 40 45 49 55 60 66 70 76 80 85 89 94 10 15 20

0 05 10 15 20 25 30 36 40 45 49 55 60 66 70 76 80 85 89 94 10 15 20
RIGHT CROSSTALK (%)
RIGHT BLACK INTENSITY (%) RIGHT WHITE INTENSITY (%)

0 01 02 03 04 05 06 07 08 09 10 90 91 92 93 94 95 96 97 98 99 100

Stereosconic Disnlays and Annlications Stereosconic Disniays and Annlications

(a) Left Image (b) Right Image
Figure 7. The new version of the Stereoscopic Crosstalk Test Chart. The images may be resized, but, when presented on a
stereoscopic display, the left and right images must overlap exactly.

The white and black scales are used to minimize white and black “crush”, the truncation of the transfer curve at the top
and/or the bottom. The display’s brightness and contrast levels are adjusted so that these scales are visible. This new
version of the chart reports these scales as percent intensity (rather than percent gray-level) and limits them to ranges that
are appropriate for sufficient accuracy (10% for white, 1% for black).

The following table gives guidelines for using the chart:

Table 1. How to use the Stereoscopic Crosstalk Test Chart.

1. Adjust brightness and contrast: Put on eyewear or otherwise view in stereo. Using the display’s
brightness and contrast controls and the Black Intensity scale, minimize the black level without black
crush (if possible!). Using White Intensity scale, maximize the white level without white crush. Repeat
as needed.

2. Calibrate display: If possible, calibrate to a gamma value of 2.2 and in stereoscopic mode, that is, after
stereo processing.

3. Read Crosstalk: Put on eyewear or otherwise view in stereo. View with either left or right eye (not both
at same time!). Read the left crosstalk % from the upper interleaved scale at the place where the
intensities match and the right crosstalk % from the lower interleaved scale.

6. MEASUREMENTS
6.1 Typical Stereoscopic Crosstalk Test Chart Readings.
The SCT Chart was used to examine the crosstalk of several 3D displays, as listed in Table 2.

" Weissman’s original chart was called “The Stereoscopic Extinction Test Chart” because the scale was calibrated as extinction ratio.
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Table 2. Typical Stereoscopic Crosstalk Test Chart measurements. The numeric values are percent crosstalk.

BEFORE MONITOR CALIBRATION AFTER MONITOR CALIBRATION
LEFT EYE RIGHT EYE LEFT EYE RIGHT EYE
JVC GD463D10U (Passive) 0.6 0.4 1.3 1.4
Hyundai S465D (Passive) 3.0 3.3 1.3 1.5
Acer GD235 (Active) 0.3 0.4 0.6 0.6

This table shows different results before and after monitor calibration (using the Spyder3Elite without glasses or filters).
Both the JVC and Acer had higher crosstalk readings after calibration; the Hyundai, lower. The before/after change of
values is likely due to the direction the transfer curve shifts after calibration, which we have seen lead to both brighter
and darker displays. While we do not have transfer curves for the Acer and Hyundai, the JVC before and after curves
are given in Figure 6. It can be seen there that, around an intensity level of 0.01 (on the vertical scale), the calibrated
curve is about 0.003 darker than the uncalibrated curve. Thus, since the scaled ghost intensity has not changed, the
matching gray patch shifts to a higher value on the scale. This accounts for 0.3 of the roughly 0.85 difference in percent
CT readings. The rest could be due to 1) poor accuracy of the Spyder at low intensity values and 2) changes in the
transfer curves after stereo processing. That is, the curves might not be the same after we put the glasses on.

Even though the polarization process, per se, is linear, there was a shift in color temperature (white point) of the monitor
at the low end of the intensity range. According to the Spyder calibration of the JVC, the shift was about 5% between
intensity values of about 16% to 38%. It is reasonable to assume there are shifts of this magnitude or larger at the lower
(ghost) intensities. A change of the white point could lead to a nonlinear change in luminance readings (due to the
changed transmittance of the polarizers) and thus a change in the transfer curve. (A change in color is often observed
after putting glasses on.)

6.2 Transfer Curves After Stereoscopic Processing

In an attempt to measure the transfer curve after stereo processing, we mounted left and right circular polarizing filters
(the same filters as used in the glasses) in front of the Spyder. Because extinction of a circular filter is a function of
rotation in its plane (although not as strong as for a linear polarizer), care was taken to orientate the filters exactly as they
are in the glasses.

Row-interleaved monitors are also sensitive to the vertical angle of view; therefore, another important factor is the
acceptance angle of the instrument. When viewing by eye, the acceptance angle, defined by the eye’s pupil, is very
small. The Spyder has a much larger acceptance angle (not measured). Therefore, the instrument was mounted on a
tube that was 278 mm long and 44 mm diameter, which restricted the acceptance angle to 9°. While this improved the
acceptance angle, it severely limited the luminance, which dropped by a factor of 39. We attempted to measure transfer
curves, but the Spyder results were not reliable, especially at the lower intensity levels representative of the ghost image.
Therefore, we were not successful at measuring transfer curves after stereoscopic processing, which, for a row-
interleaved monitor, requires a more sensitive, more accurate instrument.

6.3 Direct Measurements of Observed Crosstalk

A direct measurement of crosstalk would measure the terms in Equations 7 (Og,, Ogr, Owr, Oczrs Osrs Our)
after stereoscopic processing (i.e., after glasses or filters). Since the ghost and black intensities can be close in value,
they must be measured very accurately. Attempts were made, but, for reasons discussed above, we were not successful
with our current equipment, and therefore we could not compare the SCT Chart readings to direct measurements.

7. CONCLUSIONS

In Section 2, we present a physical model of the crosstalk process and introduce the most fundamental definition of
crosstalk, “Intrinsic Crosstalk” (Equations 3), which is the ratio of ghost image intensity to its source intensity.
However, it is not possible to use this for crosstalk measurements when the source intensity cannot be measured directly
or the black level contributes to crosstalk, which is usually the case.

Hence, in Section 3, the model is applied to three stereo pairs (“white-black™, “black-white”, and “black-black™) in order
to make measurements on only observed images and to subtract out the black levels. This approach and the resulting
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definition of a crosstalk fraction (Equations 7) agree with other authors!" II3IMIUSIISIIT - Thig definition has been called

“System Crosstalk” by Huang et al''' ; however, here we call it “Observed Crosstalk” in order to draw a clear distinction
between it and “Intrinsic Crosstalk”. The former uses observed intensities; the latter uses source intensities.

This formulation does not assume the crosstalk fractions or the transmittances are constants; it does, however, assume
that 1) the source intensities are “white” and “black” (maximum and minimum image intensities) and 2) the left and right
source intensities of image pairs are equal. Both of these restrictions can be lifted within this model. Indeed, the model
can be used to study arbitrary source intensities, as in “gray-to-gray” crosstalk!”>!"'”l " These topics will be basis for
future work.

In Section 4, we consider the relation between observed image intensities and the means of creating images in electronic
displays: gray-levels. We show that, even though sRGB (Equations 9) is the standard for computer graphics, displays
are generally calibrated to the Gamma 2.2 transfer curve (Equation 10) - assuming that white and black crush are also
eliminated. Based on these assumptions, Observed Crosstalk can be direct related to gray-levels, as shown in Equations
12.

Thus, it is possible to create a chart in which ghost images are compared to gray patches calibrated to crosstalk
percentages. Such a chart, the “Stereoscopic Crosstalk Test Chart”, is presented in Section 5. The SCT Chart also has
white and black scales to be used to minimize white and black crush. This chart will be available soon for general
distribution via the Stereoscopic Displays and Applications Conference website (www.stereoscopic.org). In the future,
additional versions will be added for color measurements and different formats. Producing the chart as an application
will also be considered.

In Section 6, we present some results from attempts to validate the readings of the SCT Chart. First, to illustrate the use
of the chart, readings are given before and after monitor calibration (using the Spyder3Elite!® colorimeter). There can be
significant differences, mainly due to the shift of transfer curve after calibration and the change of white and black
levels.

Then we attempted to measure the transfer curve of a row-interleaved monitor after stereoscopic processing, that is, with
the polarizing filters (as found in the glasses) in front of the colorimeter. However, this was not successful, because of
the reduction of light into the Spyder and the apparatus needed to control the acceptance angle of the device. In short, a
much more sensitive instrument is needed for this measurement.

Determination of the transfer curve after stereoscopic processing is very important. In general, when monitors are
calibrated to, say, the Gamma 2.2 standard, it is done “with the glasses off”, i.e., before (complete) stereoscopic
processing. Thus, if there is any nonlinearity in the system, it is likely the “glasses on” images are not calibrated to the
same curve.

Some display systems are known to be nonlinear. For example, time-sequential LCDs have been shown to be nonlinear
in its crosstalk characteristics!"*"'7) That is, the crosstalk percentages are a function of the source intensities. It is
likely the transmittance is also a function of source intensity, and therefore a calibration curve “before glasses” will be
different from one “after glasses”. In the current study using a row-interleaved monitor, we found indications that the
white point could be shifting significantly in the same intensity range as ghost intensities. This means the color channels
(R, G, and B) might not be calibrated the same in this region and that the display is not following a standard transfer
curve. This is an important area for future research.

Our conclusion from these preliminary measurements is that it could be rare to find a 3D display that is calibrated (post-
stereo processing!) to Gamma 2.2 in these low intensity ranges, even after calibration with a colorimeter. Yet, the
crosstalk values on the SCT Chart are based on this transfer curve. Are the numbers on the chart still useful?

(The values on the SCT Chart also depend on having no white and black crush. This criterion is easier to achieve, using
the contrast and brightness controls of the display.)

Although we could not confirm the accuracy of the crosstalk values given by the SCT Chart, we feel that the numbers
are still useful. The numbers on the chart give us a “snapshot” of the system. Yes, they might change if the monitor is
calibrated to a gamma of 2.2, but the uncalibrated display might be preferred. The readings from chart can be used as a
measure of crosstalk for those conditions. (In this case, we would still recommend minimizing white and black crush, as
in the guidelines of Table 1, to maintain consistency.)
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Whether the display is calibrated or uncalibrated, the SCT Chart indicates the “strength” of the crosstalk component of
the image as compared to the maximum image intensity. That is, it is a measure of the influence of the ghost image
compared to the intended image, which is, after all, viewed with the same transfer curve, whatever it is. The readings
from the SCT Chart express this measure as if the transfer curve were Gamma 2.2.

In addition, the chart can always be used in a comparative way. Comparing monitors, changing display parameters,
trying different glasses, comparing viewing positions and angles, etc., are all common needs when working with a
stereoscopic display system. The chart provides a simple way to do this. If there are special requirements, such as
determining the crosstalk at the top of the screen, the chart may be resized and repositioned; however, it is important to
keep the two views matched in size and in perfect alignment.

The difficulty we had using a low-end colorimeter (the Spyder) verifies the premise we put forward in the introduction:
that measurements of crosstalk are difficult and generally not accessible to users. The SCT Chart alleviates these issues
and provides a means to achieve better consistence and performance of stereoscopic 3D displays.
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