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Image Processing for 3D Cameras
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Abstract

Along with the spread of 3D contents such as 3D movies
and of display devices such as 3D TVs, recent years have seen
the market appearance of 3D digital cameras and smart-
phones with 3D cameras.

However, the 3D images from these cameras have been
obtained from two camera units having identical specifica-
tions positioned left and right of each other like human eyes.
Therefore, these products place great restrictions on design-
ing the size and the arrangement of the camera units. To
eliminate these design restrictions, we reduced the size of
the camera module by replacing one of two high-resolution
camera units with a low-resolution unit. Further, we devel-
oped an image processing technology which eliminates
such arrangement restrictions as precluding camera units
from being arranged above and below each other. Our process-
ing technology allows calculation of the distance to objects
and creation of a 3D image that has stereoscopic effect
equivalent to the calculated distance. This technology is espe-
cially suitable for smartphones, which demand smaller and
thinner camera modules.

A further problem with current 3D digital cameras and
smartphones is that when some people view these 3D images
for a long time, they become nauseous.

As seen above, 3D image processing has many technical
issues, and we developed various technologies to deal with
them. For example, though the distance to a wall having a
uniform color cannot be calculated correctly, the incorrectly
measured distance can be corrected using more reliable dis-
tance of the neighborhood region with a similar color in the
image. As a result, the technology we developed creates 3D
images that provide a stereoscopic effect without a sense of
incongruity.

In this paper, image processing technologies to resolve
the above problems are described in detail.
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Fig. 1 Disparities between the left (blue) image and the right (red)
image. A 3D image is visible.

Fig. 2 Disparities between the top (red) image and the bottom (blue)
image. No 3D image is visible.
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Fig. 3 Negative disparities.

7, Stereo view
EN
'\ 1 Stereo view
3D display l\ 3D display

\ Positive disparity \ Positive disparity /

Rightimage Leftimage Right image

Left image

Left eye Right eye Lefteye  Righteye

Fig.4 Positive disparities.
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Fig. 5 Principle of stereo vision.
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Fig. 7 Disparities between standard and reference images. Distance to
the object is calculated from disparities.
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Fig. 9 Image processing flow chart.
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Fig. 10 Left and rightimages. Distance is calculated incorrectly in green
and red rectangle regions.
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Fig. 11 Positive and negative disparities. Adjusting disparities is required
to eliminate the problem of viewer nausea.
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Fig. 12 Occluded area. When creating a 3D image based on adjusted
disparities (Fig. 11), the right image cannot be well formed, as no
black region (Fig. 12) exists in the left image.
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Fig. 13 Reliability of disparity map. Incorrectly measured distance can
be corrected using more reliable distance of the neighborhood
region with a similar color in the image.
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Fig. 14 Disparity adjustment. To solve the problem of viewer nausea
with 3D images, a reduction in the range of disparity is necessary.
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Fig. 15 Small occluded areas after symmetric smoothing. Because the
large occluded areas in Fig. 12 are now scattered over the entire
image, no information region is substantially eliminated.
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Fig. 16 Distortion of vertical line caused by smoothing (blue dotted
area). New means were figured to reduce the distortion.
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Fig. 17 Effect of asymmetric smoothing. Strong vertical smoothing
compared with horizontal smoothing reduces vertical distor-
tion. Compatibility of the stereoscopic effect and the distortion-
free vertical line.
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Fig. 18 3D image created: the left (blue) image and right (red) image.
The image has no distortion in the vertical direction and has suf-
ficient stereoscopic effect.
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Fig. 19 Relation between baseline length and closeness to the object.
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Fig. 20 An example of an unsuitable subject for 3D imaging.
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