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Abstract 

Flat panel multiview 3D displays developed in recent 
years have pseudoscopic regions that appear unnatural to 
viewers. We suggest a new method to suppress the 
pseudoscopic regions based on the visual characteristics of 
binocular rivalry. We confirm the validity of this method 
experimentally and show that the unnaturalness caused by 
pseudoscopic regions can be effectively suppressed. 
 
 

1. Introduction 

Multiview three-dimensional (3D) displays can 
show image depths using flat panel display devices. 
These displays provide binocular images to viewers 
by providing multidirectional images to each eye to 
create binocular parallax, which is the most efficient 
method of creating a sensation of depth. However, 
the limited number of images in multiview 3D 
displays appears unnatural to viewers in 
pseudoscopic regions where images are sorted in 
reverse depth order. Viewers thus see unnatural fused 
or non-fused images in the pseudoscopic regions. A 
black image insertion method was suggested by 
Yamamoto [1] to solve this problem. He interleaved 
black images where pseudoscopic images were 
observed in a 2-view stereoscopic display. As shown 
in Fig. 1, if we apply this method to a multiview 3D 
display with more than three views, a black image 
can be inserted between images (1) and (3). As a 
result, one of the viewer’s eyes sees a single-view 
image and the other eye sees a black image, 
eliminating pseudoscopic images. However, this 
method has a drawback in that a black image for a 
single eye results in a darker image or a struggle 
between right and left images in some parts of the 
screen. 

In this paper, we discuss the stereoscopic 
properties of human eyes and propose a new method 
of suppressing image discontinuity in pseudoscopic 
regions. 
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Figure 1. Example of a 3D display using black 
image insertion method  

 
 

2. Binocular Rivalry 
Recognition studies in humans have taken place 

in which different images are presented 
simultaneously to each eye. Under such conditions, 
the dynamic changing phenomenon where viewers 
see a single dominant image or a combination of 
the two images is called binocular rivalry. Under 
binocular rivalry conditions, if one eye is presented 
with an image that is brighter or higher contrast 
than the image presented to the other eye, then the 
first image dominates and the rivalry is reduced 
[2], [3]. Fahle [4] presented subjects with two 
grayscale images that supplied different contours to 
each eye, and one image had a lower spatial 
frequency. In that experiment, most subjects 
recognized the image with the higher spatial 
frequency as dominant. Fahle maintained that 
spatial frequency also works in suppressing 
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binocular rivalry because the larger the difference 
of frequency between the two images, the longer 
the viewers recognize one image as dominant. 
Kaufman [5] suggested that binocular color rivalry 
was caused by different colors, and supported this 
experimentally. He concluded that binocular rivalry 
and binocular fusion occurred because the 
messages related to each image travel on separate 
pathways in the human brain; this is called the two-
channel theory. Wolfe [6] and Matsumiya [7] also 
support this theory． 

 
3. New Method of Eliminating Pseudoscopic 

Images 

Images in multiview 3D displays are presented as 
almost the same color and shape, but they are shifted 
slightly in position. The problems of pseudoscopy 
mentioned in Section 1 are caused by binocular 
rivalry due to the reversal of contours in the image 
relative to the eye position.  

This implies that we could expect more natural 
images in binocular vision if binocular rivalry were 
reduced. According to this theory, we could make the 
image for one eye dominant by controlling the 
contrast, brightness, and spatial frequency of that 
image in pseudoscopic regions of multiview 3D 
displays. We have developed a new method of 
achieving this by inserting other images in 
pseudoscopic regions.  
 

4. Experiments 

To confirm this new method, we conducted 
experiments to insert images blurred by lowering the 
spatial frequency to suppress the influence of color 
changes in order to obtain naturally fused images in 
pseudoscopic regions. We created a stereoscopic 
display device using a screen, as shown in Fig. 2, and 
prepared four kinds of image samples, as shown in 
Fig. 3. Two of the image samples were made using a 
computer graphics program, and the others were 
made photographically. All of the image samples 
consisted of 4-view 3D images.  

We showed 2-view stereoscopic images to subjects 
who were wearing polarized glasses and changed the 
images using PCs.  

Figure 4 shows the inserted images that were made 
by individually processing images in different ways 
using the 4-view images of each image sample. 

The image with only the parallax parts blurred was 

made by closely overlapping 4-view images from 
images samples 1–4 in Fig. 3. 
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Figure 2. Stereoscopic display device using a 
screen 

 
Figure 3. Image samples 

 (All samples have 4-view 3D images.) 
 
To blur images horizontally, we used a composite 
picture of left- and right-eye images, which were 
blurred using a mean filter (Fig. 4). We defined the 
amount of blurring as the ratio of blurring filter size 
when the horizontal pixel length of images is 100%. 
Vertically and horizontally blurred images were 
created simply by blurring the same amount vertically 
and horizontally. Ten people with normal vision 
participated in this experiment as subjects. We 
showed the same two single-view images located on 
the ends of 4-view 3D images (e.g., the image (4) 
pair), to subjects for 4 s and changed the image for 
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only one eye. Every three or four scenes of inserted 
images were displayed for 4 s, and we defined this 
process as one loop.  
 

Black White Background color

＜Solid Colored Images＞

Image1 
(Inserted image to

create pseudoscopy)

(Horizontal blurring : 50%)

Only parallax parts
of image blurred

＜Blurred Images＞

Results of horizontally
blurring images 1 and 4

Results of vertically and
horizontally blurring images 1 and 4

(Vertical and horizontal blurring : 50%)  
Figure 4. Inserted images of image Sample 1 

 

In each loop, subjects selected the single pair of 
images for which the color and shape were most 
similar to a 2D image presented at the start of this 
experiment. If subjects could not select a pair in a 
single loop, we showed the images for up to three 
loops. If plural pairs appeared to be almost equal after 
three loops, they were scored the same.  This 
experiment was conducted using all forms of inserted 
images shown in Fig. 4, after which subjects finally 
selected the best image pair.  

Next, we considered the influence of the change 
of viewer location as the viewers moved from the 
stereo-viewing region to the pseudoscopic region in 
the multiview 3D display adapted to this insertion 
method. The flow of this experiment was very 
similar to the first experiment. We showed a stereo 
image pair located on the end of the 4-view 3D 
images (e.g., images (3) and (4)) and then changed 
only the image presented to one eye. We repeated 
this process three times using other inserted images 
and defined this sequence as one loop. As inserted 
images in this experiment, we used a black image 
and five kinds of vertically and horizontally blurred 
images with different degrees of blurring. We 
separated these inserted images into two groups and 

presented up to four loops in each group. Subjects 
selected a pair or pairs that had the same effect, 
namely, pairs for which they were able to change 
naturally from the stereo-viewing region to the 
pseudoscopic region.  

We also tried to confirm the influence of the 
dominant eye. Two kinds of image pairs were 
observed in the pseudoscopic region using the 
insertion method described above. For example, in 
Fig. 1, a viewer could see one pair comprised of 
image (1) and an inserted image (a black image in 
this case) and another pair that includes an inserted 
image and image (3) by moving into the 
pseudoscopic region. The inserted image is thus 
altered by the position of the eye. We checked the 
dominant eyes of all subjects using the hole-in-card 
test [8] and showed two pairs of images at the same 
time. These two pairs consisted of the best image pair 
the subjects selected in the first experiment, like a 
single-view image and an inserted image, but each 
pair was presented to the opposite eyes. Subjects 
chose the pair that appeared clearer. If the two pairs 
appeared almost equal, they were scored the same. 
  

5. Results 
Figure 5 shows that the majority of subjects 

selected the vertical and horizontal blurred image 
pairs as giving the best results. 
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Figure 5. Pairs perceived as most similar in color 

and shape to the 2D images 
 

Vertically and horizontally blurred images 
assisted in seeing a more natural change in the 
pseudoscopic region than did the conventional 
method, as shown in Fig. 6. Based on the results of 
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all samples, a blurring level of 70% was most 
effective. However, most subjects recognized that 
blurring of more than 50% made very little 
difference, except for a black image. 
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Figure 6. Most natural change when viewers 
moved from the stereo-viewing region to the 
pseudoscopic region 
 

 

Figure 7 shows that the majority of subjects chose 
the pair for which their dominant eye saw a single 
view. This result means that the dominant eye 
influenced the clear view of binocular vision in the 
pseudoscopic region using the insertion method. 
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Figure 7. Number of people who observed clearly 

in the pseudoscopic region  
 
 

6. Discussion 
As shown above, the blurred image relaxed 

binocular rivalry and avoided the unnatural 
appearance of images in the pseudoscopic regions. 
We found that the brightness, contrast, and spatial 
frequency of inserted images were changed very little 
by the blurring of the whole image. In particular, we 
confirmed that the reduction of high spatial frequency 

elements, which determine the contours of images, 
influenced the suppression of pseudoscopy. It is thus 
clear that the single-view image was dominant over 
the blurred inserted image when binocular rivalry 
caused by the difference in contours between the two 
images was removed. According to Kaufman [5], 
binocular rivalry depends on the factor of color 
difference. We used a composite picture of images 
(1) and (4) to create a blurred image. Therefore, the 
color of a blurred image is less different than would 
be a change to a white or black image. We suggest 
that blurred images have the simultaneous effects of 
suppressing binocular contour rivalry and color 
fusion.  

Inserted images had to be blurred by more than 
50% to obtain good results using this method. We 
found that the blurring reduced the high spatial 
frequency elements, but we did not conduct a 
quantitative analysis of the spatial frequency, the 
contrast, and brightness. Therefore, the optimal 
conditions with regard to these dimensions remain to 
be determined. 

Figure 7 shows that binocular vision in the 
pseudoscopic region is related to the dominant eye. It 
would be preferable to have consistent good results 
independent of the dominant eye. However, subjects 
generally recognized a single-view image more often 
than inserted images under all viewing conditions. 
Therefore, a method must be found to reduce 
differences caused by the dominant eye. 
 

7. Conclusion 
We have suggested a new method of eliminating 

the pseudoscopic image in multiview 3D displays by 
inserting blurred images between pseudoscopic 
regions. We have confirmed experimentally that this 
method is efficient for showing colored images in all 
regions of the screen. This method can be applied to 
most multiview 3D displays. 
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