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Crosstalk evaluation in multiview autostereoscopic three-dimensional displays with an
optimized diaphragm applied
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The crosstalk evaluation of multiview autostereoscopic three-dimensional (3D) displays is discussed, with both the human
and technical factors investigated via image quality assessment. In the imaging performance measurements and analysis
for a multiview autostereoscopic display prototype equipment, it was inferred that crosstalk would have both a positive
and a negative effect on the imaging performance of the equipment. The importance of the attached diaphragm in the
crosstalk evaluation was proposed and then experimentally verified, using the developed prototype equipment. The luminance
distribution and crosstalk situation were given, with two different diaphragm arrays applied. The analysis results showed that
the imaging performance of this 3D display system can be improved with minimum changes to the system structure.

Keywords: autostereoscopic 3D; crosstalk; multiview; optimized diaphragm; LCD

1. Introduction
Three-dimensional (3D) displays have come to have a fas-
cinating research potential due to the intense human pursuit
of a visual feast. The conventional 3D display approaches,
including the stereoscopic, lenticular lens, and parallax bar-
rier techniques, have been developed to a point where they
are already being used in some fields while still having
numerous problems [1–3]. An autostereoscopic integral
imaging system was recently rapidly developed, thanks to
the progress of flat panel displays, and has great prospects
in the market of commercial applications due to its great
advantages, such as the easy viewing angle control, bright
view, and low cost [4]. Most of the temporally or spatially
multiplexed equipment already provide a certain 3D dis-
play effect but have yet unsatisfactory performances in the
crosstalk situation.

Crosstalk is caused by the different origins of the diverse
types of 3D display, which may result in different levels
of perceived image distortion [5]. The multiview spliced-
view-field display is regarded as a light field display pro-
viding a smaller crosstalk and a wider viewing area, and it
has attracted much attention. Iglesias Guitian [6] developed
a large-scale light field display using projectors’ array and
delivered good-quality 3D visualization. Takaki and Nago
[7] have described natural 3D devices that can display 128,
even 256, directional images with a small angle interval.
Compared with these horizontal-parallax-only 3D display
systems, the full-parallax 3D display with both horizontal
and vertical parallaxes can more realistically and naturally
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represent 3D images. In the IMID/ASIA DISPLAY 2010
conference, Zhejiang University also proposed a novel 3D
display concept based on spliced images, which can display
brighter 3D images with a large number of horizontal and
vertical viewpoints [8]. The crosstalk in these spliced-view-
field display systems, regardless of whether they are liquid
crystal display (LCD)- or projector-based, is mainly caused
by the display unit apertures with a certain size. Hence, some
unwanted information will be obtained when they perform
as the exit pupils to construct a light field. It is manifest that
reducing the size of the aperture will certainly decrease the
crosstalk while resulting in the brightness rather than the
uniformity of the reconstructed image. Therefore, it is nec-
essary to better understand crosstalk visibility and its related
impairment level. Far less literatures are available, however,
on the crosstalk perception, image uniformity, and aperture
parameters for these display types. The precise installation
of these projection-style autostereoscopic display systems
is almost impossible under most circumstances. Moreover,
the lack of knowledge about crosstalk evaluation for prac-
tical 3D displays has remained a serious problem to this
day [9].

The relation between crosstalk evaluation and diaphragm
parameter based on the projection multiview autostereo-
scopic 3D display is discussed in this paper, and both the
human and technical factors were analyzed synthetically
in the study via image quality assessment. To evaluate the
positive and negative crosstalk, an evaluation method with
diaphragms applied was carried out. An analytical formula
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for predicting the optimum parameter of the diaphragm was
proposed and experimentally verified. Measurements were
conducted in relation to the related issues, including the
crosstalk situation, diaphragm design, and diffuser char-
acteristics. The experiment results demonstrated that the
parameters, especially the diaphragm diameter, have a sig-
nificant influence on the crosstalk. Furthermore, improve-
ment of the display with minimum changes to the system
structure was accomplished by optimizing these parameters.

2. Display principle and crosstalk analysis
2.1. Display principle and system
The multiview autostereoscopic display based on a spliced-
view field consists of a flat panel LCD monitor, a lens array,
and a specially designed orthogonal diffuser [10]. The sys-
tem schematic is shown in Figure 1. A combination of a
flat panel LCD monitor and the related lens was designed to
play the role of a mini-projector. All the beams projected by
the projectors converge at the center of the directional dif-
fuser screen. On the directional diffuser, each image pixel is
composed of numerous overlapping pixels coming from dif-
ferent projectors. Similar to the function of the holographic
screen, the diffuser herein is applied to control the dif-
fuse angle so that the emitting projection points would turn
out numerous blocked images. Hence, from different view-
points, the observers can obtain a different view of the 3D
scene constituted by many blocked images from different
spliced image sources projected by the related projectors.

2.2. Crosstalk analysis
It is obvious that the factors related to the imaging perfor-
mance of the stereoscopic 3D displays are derived from
many aspects. The issues discussed in the measurement
field always include the following: the (1) projecting cen-
ter offset; (2) optimum viewing area; (3) luminance and
contrast ratio; (4) 3D point crosstalk and spatial crosstalk;
(5) color performance; (6) ortho/pseudostereoscopy angle;
and (7) luminance difference ratio [11,12]. Crosstalk is the

most important evaluation item of 3D imaging performance
because it has a significant influence on the display char-
acteristics, such as the depth range limit, ghost images,
and viewing angle limit. The images in the multiview
autostereoscopic 3D displays are normally projected onto
the diffuser screen by the related projectors, which makes it
important to control the impact of the beam from the adja-
cent projectors or viewpoints, which is the crosstalk effect
discussed herein.

For the analysis of crosstalk, a simplified schematic of
the imaging process is given in Figure 2, setting a three-view
system as an example. Here, the impact of the apertures’ size
is ignored so as to clearly illustrate the spliced-imaging prin-
ciple. The term ‘negative crosstalk’ is given to the unwanted
image information that people perceive when they watch
autostereoscopic displays. Ideally, the three q image units,
which compose a viewpoint’s image, are derived from three
different p image blocks, which are projected from the three
different so-called projectors, as illustrated by the R, G, and
B color lines in the schematic. In this case, the observer can
view three distinct emitting points, which are the exit pupils
of the projectors, only if the diffuse angle of the special dif-
fuser equals zero. Along with the diffuse angle increases, the
visible unit on the diffuser screen will expand, enabling the
adjacent units to meet. In the actual operation, however, the
image units can hardly recombine accurately. Hence, neg-
ative crosstalk is thought to exist in this system. The light
beam from the adjacent source image and the possible over-
lapping of the adjacent viewing image units contribute to the
viewpoint crosstalk. Besides, the overlapping of the adja-
cent viewing angles should be considered when evaluating
the imaging performance.

Below are the three main factors that may account for
the negative crosstalk.

(1) As shown by the illustration of the display prin-
ciple, the diffuse angle of the diffuser should be
equal to the angle between the adjacent projectors
from the diffuser. In actual experiments, however,
the diffuse angle of the diffuser may be discrepant

Figure 1. System schematic of the multiview autostereoscopic 3D display.



Journal of Information Display 85

p

p

LpLs

p

V

q

q

q

Lv

d

Apertures
& Lenses

Special
Diffuser

Spliced
Image

Viewed

Figure 2. Simplified schematic of the imaging process under ideal conditions.

to the angle interval when the beam is projected
obliquely, which suggests that the diffuse angle of
oblique viewpoints will probably be enlarged to
some degree.

(2) As the LCD panel is utilized to replace the pro-
jectors’ array, in general, autostereoscopic displays
for cost down, the panel is divided into numerous
display cells playing the roles of image sources of
the special projectors. The projecting relation can-
not be exactly adaptable with oblique projecting
rays. Although this problem has already been con-
sidered to make up for its impact on aberration, it
still affects the lens’ imaging quality, especially the
image distortion, in the edge viewpoints.

(3) If the actual exit pupils of the so-called projectors
are larger than the aperture, they may cause the
image information of the adjacent viewpoints to be
observed on the screen from a certain viewpoint.

Despite the flaws brought about by negative crosstalk,
some literatures report that crosstalk may play a positive role
in the attainment of a smoother transition between images
obtained at different viewing angles, as long as it is con-
trolled to a certain extent [5,13]. Such spliced-view-field
systems often suffer from the occurrence of dark slices on
the observation screen because a certain viewing image is
recombined with numerous image units. From this point of
view, to achieve a smoother transition of the image informa-
tion across different viewpoints during the head movements,
an appropriate luminance overlapping of the adjacent per-
spectives is necessary, which results in the emergence of
what may be called ‘inherent crosstalk’.

In most multiview autostereoscopic 3D displays based
on a spliced-view field, the control of the diffuse-angle dis-
tribution of the special diffuser screen is always complicated
and largely depends on the manufacturing process as well
as on the engineering approximation and the alignment
errors of the projectors’ array. Assuming that the inher-
ent crosstalk is positive especially for these multiview 3D
display systems, to keep a proper inherent crosstalk and
to reduce the negative crosstalk of the existing equipment

with the least change to the system structure, optimization
of the diaphragm attached to each projector is proposed.
Based on the results of the above analysis, the control of the
diaphragm size can reduce the crosstalk of the rays emitted
from the adjacent source image. It significantly affects the
accuracy of splicing on the diffuser while playing the role of
the exit pupil of the so-called projector, as discussed above.
This may also produce a vignetting effect in the imaging pro-
cess. Thus, the location and size depend on the requirements
of the projecting relation, luminance, optical aberration, and
system structure. Based on the geometric relation shown in
Figure 2, the diffuse angle of the special diffuser is defined
by Equation (1) while the optimum size of the image unit
is defined by Equation (2), when spliced accurately.

tan
(

δ

2

)
≈ d/2

LP
(1)

and
q
d

= LV

LP + LV
. (2)

In the above equations, δ is the diffuse angle of the special
diffuser, q is the width of the image unit displayed on the
screen, d is the distance between the two adjacent projec-
tors, LP is the projecting distance from the projector to the
special diffuser, and LV is the optimum viewing distance.

Figure 3 shows the detailed situation of the diaphragm
playing the role of an exit pupil to show the relation between
the size of the diaphragm and the size of the image unit
on the screen. Here, it is assumed that the lenses perform
ideal imaging and the exit pupil emits uniformly. The dif-
fuse half-angle δ/2 can be divided into two parts, α and β,
as illustrated, whose parameters can be represented by the
length parameters. Thus, the relation between the size of
the diaphragm and the size of the image unit on the screen
can be derived using the trigonometric formulas shown in
Equation (3):

tan
(

δ

2

)
= 2 · [LP · q + LV · (q − D)]

4 · LP · LV − q · (q − D)
, (3)

where D is the diameter of the diaphragm.



86 Y.-F. Peng et al.

p D

LpLs

q

Lv

Apertures
& Lenses

Special
Diffuser

d /2
a

a

b
b

Figure 3. Simplified schematic of the relation between the size of the diaphragm and the size of the image unit on the screen.

For a given 3D display system, LP, LV, d, and δ are
known. Thus, what needs to be done is to derive the opti-
mum width of the image unit displayed on the screen (q)

when a continuous image constituted by many unit images
is presented. Therefore, the optimum size of the diaphragm
(D) can be finally synthesized.

3. Experiment results
To verify the aforementioned assumption, several experi-
ments were carried out using the proposed multiview 3D
display system. Its specifications are listed in Table 1. The
3D scene displayed by the existing system can be observed
at different horizontal and vertical viewpoints, with small
viewing angle intervals. The obtained 3D images, however,
were blurred, especially near the edge of the viewing area.
Likewise, some crosstalk of 3D points can be seen when
observing the screen at certain angles.

The positive and negative crosstalk should not be con-
sidered separately. To keep a proper inherent crosstalk and
to reduce the negative crosstalk, it is necessary to demon-
strate the predicted effect of the diaphragm. For this, a
designed symmetrical color test was operated. The image
pattern displayed on the LCD was divided into two col-
ors, with blue representing the area that played the role of
the image source corresponding to the central view and red
representing the remaining area. The display images were
captured with a CCD set on the same height, and vertically
toward the screen, and were then analyzed, as shown in
Figure 4(a)–(c).

The three groups stand for the different imaging
performances with three different-sized diaphragms attached
to the front part of the lens’ array: large, middle, and small,
respectively. The blue strips show the main color while red
is the crosstalk color from this viewpoint. As the analysis of
the horizontal color yielded the same result as that in the ver-
tical field, a horizontal line can be used to select the image
color information distribution. The curve in Figure 4(a)–(c)
shows the crosstalk displayed by the normalized brightness
distribution. It can be seen that the smaller the diaphragm
diameter is, the less the brightness of the image, but the
crosstalk, which reduces the width of the peak, is shortened,
which indicates that the overlapped angle decreased to a cer-
tain degree. Therefore, it is crucial to design a diaphragm
with an appropriate size in the engineering field to balance
the crosstalk and the brightness.

According to the parameters confirmed by Equations (1)
and (2), the optimized parameter of the diaphragm can
be easily derived using Equation (3). The developed sys-
tem with the designed diaphragm array and a smaller one
attached to the front part of the lens array were then mea-
sured to demonstrate the optimized diaphragm’s achieve-
ment of a better imaging performance. The typical method
of evaluating the crosstalk quantitatively is measuring the
light intensity distribution in a horizontal direction across
the viewing regions [14]. To measure the crosstalk effect,
the horizontal luminance distribution on the screen was first
considered. Its effectiveness, however, is hardly addressed
in the projection-type multiview equipment. According to
the imaging principle of the spliced-view-field 3D displays,
the image displayed in any view is composed of numerous

Table 1. Detailed parameters of the prototype.

Devices and parameters

Number of projectors 45
Image size 30 × 30 cm
Image resolution 225 × 225 pixels (21 central subimages)
Directional diffuser Special lenticular sheet (orthogonal): approximately 4.7◦ horizontal and vertical diffuse angles
Projection lens 45 Fresnel lens: focal length, 100 mm; size, 50 × 50 mm2

LCD display 23 in.; resolution: 1920 × 1080 pixels



Journal of Information Display 87

Figure 4. Comparison of the different crosstalk situations from the central viewpoint.

small image cells, herein called ‘spliced images’. The lumi-
nance distribution on the screen of a given view of the
autostereoscopic displays can be obtained with a certain
special white block pattern displayed. Only the pixels cor-
responding to those of such view images are turned on with
maximal intensity (i.e. set as white), and all the other pixels
are set as black. A measurement setup was thus created
to measure the luminance using an imaging photometer
moving with small intervals along the horizontal direc-
tion of the displays at the optimum viewing distance, as
shown in Figure 5. Ten measurement patterns, including
nine horizontal-view white blocks with identical central ver-
tical heights and a full-screen black one, were sent into the
system to measure the luminance on each point along the
screen.

Thus, Figure 6(a) shows the luminance distributions on
the screen of nine views of the autostereoscopic displays
in the central vertical view. In all the data, the value of
FSB, which symbolizes the measured luminance distribu-
tion of a full-screen black image, was subtracted. From
the luminance distribution, nine separated crests are illus-
trated. Hence, it can be concluded that the proper images are
observed related to certain viewpoints. To demonstrate the
positive effect of coherent crosstalk, total luminance Ltotal(x)
from a certain viewpoint is defined by Equation (4):

Ltotal(x) =
∑

(Li(x) − LFSB(x)). (4)

In the above equation, Li(x) is the non-crosstalk luminance
at position x, where view i is the non-crosstalk view in the
viewing zone of the concerned view; LFSB(x) is the lumi-
nance of FSB at position x; and above all, x is the horizontal
distribution at the optimum viewing distance.

The total luminance distribution of the designed
diaphragm 2 was obtained as shown in Figure 6(b) and was
compared with that of the attached smaller diaphragm 1.
Their crosstalk comparison will be discussed in the fol-
lowing paragraphs. As expected, the smaller diaphragms

Figure 5. System schematic of the crosstalk measurement pro-
cess.

resulted in a relatively lower luminance and a larger fluc-
tuation. A relatively flat area, fluctuating within 5%, was
obtained from the black curve, which was related to the
whole image observation area. The transition of the image
information when observed across different viewpoints
would be smooth, thanks to the positive crosstalk effect of
the diaphragm. Thus, it can be inferred that in the reported
case, a good uniform 3D quality distribution is expected
for the luminance of the adjacent viewpoints overlapping at
more than half of the maximum.

The problems of the viewpoints overlapping in the lumi-
nance distributions demonstrate the crosstalk’s constraints
in the system display performance. The crosstalk measure-
ment Ci(x) of these multiview autostereoscopic displays is
defined by Equation (5) [15,16]:

Ci(x) =
∑

j �=i (Lj(x) − LFSB(x))

Li(x) − LFSB(x)
, (5)

where Li(x) is the non-crosstalk luminance at position x,
where view i is the non-crosstalk view in the viewing zone
of the concerned view; Lj(x) is the crosstalk luminance of
view j at position x, where view j is the crosstalk view in the
viewing zone of the concerned view; LFSB(x) is the lumi-
nance of FSB at position x; and above all, x is the horizontal
distribution at the optimum viewing distance.
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Figure 6. (a) Luminance distribution of all the viewpoints and (b) total luminance distribution under two cases of the developed
autostereoscopic display prototype along the horizontal direction on the screen.

Figure 7. Crosstalk distribution of the developed autostereoscopic display prototype in the optimum viewing distance.

Here, the general �Ci(x) with the parameter i counted
from 1 to 9 was calculated. The general crosstalk distri-
bution was obtained as shown in Figure 7. Eight crests
were demonstrated from the curve, which were related to
the nine separated views. Further, the degree of the view-
points’ overlapping is demonstrated more instinctively.
With the smaller diaphragm attached, the general crosstalk
was reduced to some extent, albeit not obvious. For the
designed diaphragm, the width between the two consecu-
tive peaks when converted into the parameter on the screen
is equal to the viewing image unit width q, consistent with
the result of the above analysis. According to Equation (5),
the value of the general crosstalk is between 0.2 and 1.0
for the designed diaphragm attached. As its total luminance
distribution was regarded as more suitable for viewing, it
can be considered a rational crosstalk situation for these

multiview-style 3D displays based on a spliced-view field,
generating an acceptable imaging performance.

Figure 8(a)–(c) shows the different views’ images of the
3D Tiger model displayed by these authors’ latest devel-
oped prototype equipment with a diaphragm array attached.
The obvious 3D effects are presented from the developed
prototype equipment. A dynamic video effect was also
achieved by playing the image frames through the prototype
equipment.

4. Discussions and conclusions
In the present study on multiview autostereoscopic 3D
displays, numerous equipment styles were developed,
all focusing on the blind pursuit of crosstalk reduction.
The crosstalk evaluation methods for parallax barrier

Figure 8. Reconstructed images in the horizontal direction captured from three different viewpoints in the optimum viewing distance.
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or lenticular 3D displays may behave differently as no
apertures or projecting exit pupils exist there. In fact, the
crosstalk in these spliced-view-field-style 3D displays can
sometimes play a positive role in the transition of the image
information when observed across different viewpoints.
Thus, it is significant to keep the positive crosstalk and
to reduce the negative crosstalk to accomplish a balanced
imaging performance.

The evaluation of the degree of crosstalk reduction in
the above method is not sufficiently precise, but it clearly
expresses the overlapping lights of the adjacent viewpoints.
Moreover, the key parameters of the diaphragm design
should be focused on to keep the positive crosstalk and to
reduce the negative crosstalk. It is supposed that the ideal
parameters of each diaphragm would be different due to the
different oblique projections in the display approach. The
detailed parameters would be confirmed via the optical soft-
ware simulation, considering every factor. In addition, the
balance between the brightness decline and the crosstalk
decline should be further considered. This will not be ana-
lyzed deeply here, however, and will be the subject of further
research.

In this paper, the crosstalk evaluation of the multiview
autostereoscopic 3D displays was demonstrated based on a
spliced-view-field full-parallax 3D display system. Both the
positive and negative crosstalk effects were analyzed, with
the application of a diaphragm, to keep the positive crosstalk
and to reduce the negative crosstalk. It was found that the 3D
imaging performances of most projection-style light field
displays can be improved by controlling the diffuse angle
and applying the proper diaphragm.
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