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(57) Abstract: The image processing unit (100) is designed to generate a first output image (I*) and a second output image (I*g),
to be displayed on a stereoscopic display device (306) resulting in: a stereoscopic image in the case of a first observer (302) who
perceives the first output image (I*1) and the second output image (I*) substantially separate in a left and a right eye; and a mono-
scopic image in the case of a second observer (304) who perceives the first output image (I*L) and the second output image (I*g)
substantially both in both eyes. The image processing unit (100) is designed to calculate the first output image (I*1) by adding an
offset image (AI) with an input image (I) and the second output image (I*g) by subtracting the offset image (AI) from the input

image ().
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STEREOSCOPIC IMAGE PROCESSING APPARATUS AND METHOD

The invention relates to an image processing unit for generating, based on a
number of input images, a first output image and a second output image, to be displayed on a
stereoscopic display device resulting in:

- a stereoscopic image in the case of a first observer who perceives the first
output image and the second output image substantially separate in a left and a right eye; and

- a monoscopic image in the case of a second observer who perceives the first
output image and the second output image substantially both in both eyes.

The invention further relates to a method of generating, based on a number of
input images, a first output image and a second output image, to be displayed on a
stereoscopic display device resulting in:

- a stereoscopic image in the case of a first observer who perceives the first
output image and the second output image substantially separate in a left and a right eye; and

- a monoscopic image in the case of a second observer who perceives the first
output image and the second output image substantially both in both eyes.

The invention further relates to an image display apparatus comprising:

- an image processing unit for generating, based on a number of input images,
a first output image and a second output image, to be displayed on a stereoscopic display
device resulting in:

- a stereoscopic image in the case of a first observer who perceives the first
output image and the second output image substantially separate in a left and a right eye; and

- a monoscopic image in the case of a second observer who perceives the first
output image and the second output image substantially both in both eyes; and

- the stereoscopic display device.

An embodiment of the image processing unit of the kind described in the
opening paragraph is known from the article “Just enough reality: Comfortable 3-D viewing
via microstereopsis”, in IEEE Transactions on Circuits and Systems for Video Technology,
Vol.10, No.3, pp. 387-396, 2000.
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In conventional glasses based stereoscopic systems observers who are wearing
appropriate glasses can observe stereoscopic images. With glasses, an observer perceives the
left and right image substantially separate in the left respectively the right eye. Without the
filtering effect of the glasses there is cross-talk. An observer perceives a double image: left
and right image are mixed and visible to both eyes.

In the cited article the lower limits of the interocular separation, i.e.
microstereopsis, are exploited, showing that unexpectedly small disparities stimulate accurate
and pleasant depth sensation. It is stated that such “mild” 3D leaves the perception of depth
presence unaltered. It also might result in increased viewing comfort during prolonged 3D
viewing. Under the described circumstances, cross-talk is perceived as depth-of-focus, rather
than as ghosting. In other words, in the case of a small base-line between the cameras, the
cross-talk is perceived as blur rather than as doubling: an observer without glasses sees a
blurred monoscopic image, with an acceptable quality. By regulating the base-line between
the cameras, a trade-off can be made between monoscopic image quality and the amount of
3D effect. When the base-line between the cameras is lowered, the depth effect for observers
wearing glasses becomes less. Extreme 3D effects are no longer possible. On the other hand,
the artifacts caused by the cross-talk for observers not wearing glasses becomes less.
However, it is a disadvantage that, even in the case of a relatively small base-line between the

cameras, the monoscopic image shows these artifacts.

It is a first object of the invention to provide an image processing unit of the
kind described in the opening paragraph with a relatively high monoscopic image quality.

It is a second object of the invention to provide a method of the kind described
in the opening paragraph resulting in a relatively high monoscopic image quality.

It is a third object of the invention to provide an image display apparatus of the
kind described in the opening paragraph with a relatively high monoscopic image quality.

The first object of the invention is achieved in that the image processing unit
comprises:

- an offset calculator designed to calculate an offset image based on a first one
of the input images;

- an addition unit designed to calculate the first output image by adding the

offset image with a second one of the input images; and
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- a subtraction unit designed to calculate the second output image by
subtracting the offset image from the second one of the input images.
For ease of explanation, three cameras positioned nicely in line are introduced which provide
the input images to the image processing unit. See Fig. 1A. The middle camera provides the

monoscopic input image I : when displayed on a standard display device an observer
observes a monoscopic image. The left and right camera provide the input images I, and /,:
when displayed together on a stereoscopic display device, the observer observes a
stereoscopic image.

The image processing unit receives at least one of the input images. Processing
the image/images result in a first output image I, and a second output image I, . When these
two output images are displayed on an appropriate stereoscopic display device, a stereoscopic
and a monoscopic image can be observed. This depends on whether an observer wears
glasses or not:

- In the case that an observer uses glasses a stereoscopic image is observed.
This means: I; ~ I, and I, ~ I,

- In the case that an observer does not use glasses a monoscopic image is
observed. This means: I* ~ I, with I the observed monoscopic output image.

The image processing unit processes the input images to yield a first output image 1 ; anda

second output image I, which are equal to the monoscopic input image / plus or minus
some offset image Al. In Equations:
I, =T+Al )
I,=1-AI 2
By separating the first output image I, and the second output image I; by means of a
stereoscopic display device in combination with appropriate glasses, an observer sees a
stereoscopic image. This observer can make a distinction between the two output images
resulting in a 3D effect: a stereoscopic image. An observer without glasses, mixes the two
output images. This observer can not make a distinction between the two output images. This
observer sees a monoscopic image which is perceptual substantial equal to the monoscopic
input image [ .
" =L, +1, =I+Al+1-Al =2I 3)
The advantage of the image processing unit is that the monoscopic image quality is

substantially independent of the amount of 3D effect. This means that observers who do not
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want to wear glasses have a relatively high monoscopic image quality. But simultaneously
observers, who want to wear glasses observe stereoscopic images with relatively high quality.
In an embodiment of the image processing unit according to the invention, the
offset calculator is designed to calculate the offset image by subtracting a third one of the
input images from the first one of the input images and dividing by a constant substantially
equal to two. The first one of the input images, the second one of the input images and the
third one of the input images can be captured by a triple camera. It is also possible that the
images are captured with one camera being moved in between the capturing moments.
Further it is possible that the images are generated by a graphics system. Al is chosen as half

the difference between the first one of the input images and the third one of the input images.
Assume that I, is the first one of the input images and 1, the third one of the input images.
Then:

_{ 1)
T2

AT )

The advantage is that the output images ; and I, resemble the input images I,
respectively I, most. As luminance is bound, e.g. to [0,255], it is preferred that the addition

and subtraction of AI is followed by clipping to ensure that I, and I, contain valid

luminance values. Scaling the input images is an alternative.

In another embodiment of the image processing unit according to the
invention, the offset calculator is designed to calculate the offset image by subtracting the
second one of the input images from the first one of the input images. The first one of the
input images and the second one of the input images can be captured by a stereo camera. It is
also possible that the images are captured with one camera being moved in between the
capturing moments. Further it is possible that the images are generated by a graphics
system. Al is chosen as the difference between the first one of the input images and the

second one of the input images. Assume that I, is the first one of the input images and I the
second one of the input images. Then:

Al=1, -1 ®)
The advantage is that use can be made of standard stereo cameras for the acquisition of the
images while achieving relatively good and easy stereoscopic and monoscopic images.

In another embodiment of the image processing unit according to the
invention, the offset calculator is designed to calculate the offset image by differentiating the

first one of the input images. In this case there is only one input image: the second one of the
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input images is equal to the first one of the input images. The offset image is directly
calculated from this input image. The advantage is that it is easy to compute and very robust.
It gives a mild 3D effect, which is not necessarily related to actual depth in the scene. It is
assumed that a luminance transition in an image corresponds with a depth transition. The first
one of the input images can be captured by a mono camera or generated by a graphics

system. An example of a method of calculating an offset image is given in Equation 6.
Al =a+ pVI| (6)

An embodiment of the image processing unit according to the invention
further comprises a render unit designed to render the input images based on a captured
image and a depth map. It is an advantage that images can be rendered as if they originate
from a triple or stereo camera set-up. From that point on, the processing can be used from
these set-ups, as described above.

In an embodiment of the image processing unit according to the invention
comprising the render unit, the depth map is provided by a depth camera. By using a depth
camera the depth map is directly available. Estimating depth out of one or more images is a
relativeb'/ complex problem. Hence it is an advantage if the depth map is provided by the
depth camera.

An embodiment of the image processing unit according to the invention
comprising the render unit further comprises a depth estimation unit designed to generate the
depth map based on the captured image. This concept is described e.g. by P. Wilinski and K.
van Overveld in the article “Depth from motion using confidence based block matching” in
Proceedings of Image and Multidimensional Signal Processing Workshop, pages 159-162,
Alpbach, Austria, 1998. The advantage of this embodiment according to the invention is that
even from video sequences captured with standard mono cameras, images can be created
with 3D-effect.

The second object of the invention is achieved in that method comprises the
steps of:

- calculating an offset image based on a first one of the input images;

- calculating the first output image by adding the offset image with a second
one of the input images; and

- calculating the second output image by subtracting the offset image from the

second one of the input images.
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The third object of the invention is achieved in that the image processing unit

of the image display apparatus comprises:

- an offset calculator designed to calculate an offset image based on a first one

of the input images;

- an addition unit designed to calculate the first output image by adding the
offset image with a second one of the input images; and

- a subtraction unit designed to calculate the second output image by
subtracting the offset image from the second one of the input images.
The image display apparatus may comprise components like a receiving means, a decoder
and storage means. Modifications of the image processing unit and variations thereof may
correspond to modifications and variations thereof of the method and of the image display

apparatus described.

These and other aspects of the image processing unit, of the method and of the
image display apparatus according to the invention will become apparent from and will be
elucidated with respect to the implementations and embodiments described hereinafter and
with reference to the accompanying drawings, wherein:

Fig. 1A schematically shows an embodiment of the image processing unit
connected to a triple camera;

Fig. 1B schematically shows an embodiment of the image processing unit
connected to a stereo camera;

Fig. 1C schematically shows an embodiment of the image processing unit
connected to a mono camera;

Fig. 2A schematically shows an embodiment of the image processing unit
comprising a renderer;

Fig. 2B schematically shows an embodiment of the image processing unit
comprising a depth estimation unit; and

Fig. 3 schematically shows an embodiment of the image display apparatus in
its context.

Corresponding reference numerals have the same meaning in all of the Figures.
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Fig. 1A schematically shows an embodiment of the image processing unit 100
connected to a triple camera comprising the cameras 114-118 that capture the images 7, /
respectively I,. These images are provided to the image processing unit 100 via its input
connectors 108-112. The image processing unit 100 is designed to generate a first output
image I, and a second output image / ~. The image processing unit 100 comprises:
- an offset calculator 102 designed to calculate an offset image Al based on the
input images I, and I, according to Equation 4.
- an addition unit 104 designed to calculate the first output image ; by adding
the offset image AI with the input image I according to Equation 1; and
- a subtraction unit 106 designed to calculate the second output image [ - by

subtracting the offset image Al from the input image / according to Equation 2.

Fig. 1B schematically shows an embodiment of the image processing unit 101
connected to a stereo camera comprising the cameras 114 and 116 that capture the images I,
respectively I . These images are provided to the image processing unit 101 via its input
connectors 108 and 112. The image processing unit 101 is designed to generate a first output

image I, and a second output image / - The image processing unit 101 comprises an offset

" calculator 102 designed to calculate an offset image A based on the input images [, and I

according to Equation 5.

Fig. 1C schematically shows an embodiment of the image processing unit 103
connected to a mono camera 116 that captures the image I . This image is provided to the
image processing unit 103 via its input connector 108. The image processing unit 103 is
designed to generate a first output image I, and a second output image I,,. The image
processing unit 103 comprises an offset calculator 102 designed to calculate an offset image
AI based on the input image I according to Equation 6.

Fig. 2A schematically shows an embodiment of the image processing unit 105
comprising a renderer 202. The image processing unit 105 receives its input via the input
connectors 108 and 208. Camera 116 captures an image I with pixels representing
luminance values. Camera 216 captures a depth map with pixels representing depth values.
The input images /; and I, are created through a parallactic transformation of image I .This
means that depth dependent pixel shifts are calculated which are used to achieve the input
images I, and I,. This type of processing is disclosed in e.g. US 5,929,859. In that

disclosure it is specified that undesired holes or overlaps resulting from the shifts are
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avoided. The image processing unit 105 comprises an offset calculator 102 designed to
calculate an offset image Al based on the input images I, and I, according to Equation 4
and/or on the input images I, and/ according to Equation 5.

Fig. 2B schematically shows an embodiment of the image processing unit 107
comprising a renderer 202 and a depth estimation unit 204. The image processing unit 107
receives its input via the input connector 108. Camera 116 captures an image I with pixels
representing luminance values. The input images I, and I, are created through a parallactic
transformation of image I and on depth maps D which are created by the depth estimation
unit 204. The depth estimation unit 204 is designed as described in e.g. the article “Depth
from motion using confidence based block matching” by P. Wilinski and K. van Overveld in
Proceedings of Image and Multidimensional Signal Processing Workshop, pages 159-162,

Alpbach, Austria, 1998. The image processing unit 107 comprises an offset calculator 102
designed to calculate an offset image Al based on the input images /; and /, according to
Equation 4 and/or on the input images /, and ] according to Equation 5.

Fig. 3 schematically shows an embodiment of the image display apparatus 300
in its context. Fig. 3 shows a multiplexer 309 connected to the cameras 114-118 that capture
the images I, , I respectively I, and provide the images to the multiplexer via its input
connectors 312-316. This multiplexer 309 is designed to encode the data representing the
captured images and to transmit the encoded data. The encoded data is provided to the image
display apparatus 300 via the input connector 310. The image display apparatus 300
comprises:

- a receiving means 308 for receiving the encoded data and to decode the data
resulting in the images I, , I and I,;

- an image processing apparatus 100 as described in connection with Fig. 1A;
and

- a stereoscopic display device 306 which is designed to substantially
separately display the output images I, and I » €.g. by time multiplexing.

The result is:

- a stereoscopic image in the case of a first observer 302 who perceives the

first output image I, and the second output image I, substantially separate in a left and a

right eye; and
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- a monoscopic image in the case of a second observer 304 who perceives the
first output image I, and the second output image I, substantially both in both eyes.

Many display techniques for displaying stereoscopic images are known. Using a time-parallel
technique, both output images are presented simultaneously to one or two displays. For
example, both output images may be filtered with complementary colors and mixed on one
display. The observer wears glasses with filters that match the projection filters. As another
example, two displays may be used to present two differently polarized pictures, which are
viewed through corresponding polarized glasses. In time-multiplexed techniques the left and
the right images are alternatively displayed on one display. As an example, one image is
written to the even scan lines and the other image to the odd scan lines. A shutter system is
used to occlude the right eye when the left-eye image is displayed. The shutter system may
be mounted in glasses worn by the observer. Alternatively, a shutter with controllable
polarizer is placed in front of the display and the observer wears a head-mounted device with
polarized glasses. _

Tt should be noted that the above-mentioned embodiments illustrate rather than
limit the invention and that those skilled in the art will be able to design alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be constructed as limiting the claim.
The word ‘comprising’ does not exclude the presence of elements or steps not listed in a
claim. The word “a” or “an” preceding an element does not exclude the presence of a
plurality of such elements. The invention can be implemented by means of hardware
comprising several distinct elements and by means of a suitable programmed computer. In
the unit claims enumerating several means, several of these means can be embodied by one

and the same item of hardware.
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CLAIMS:

1. An image processing unit (100) for generating, based on a number of input
images (/,,/ ,I, ), afirst output image (I, ) and a second output image (/ =), to be
displayed on a stereoscopic display device (306) resulting in:

- a stereoscopic image in the case of a first observer (302) who perceives the
first output image ( I, ) and the second output image (/ +) substantially separate in a left and a
right eye; and

- a monoscopic image in the case of a second observer (304) who perceives
the first output image (7, ) and the second output image (/ +) substantially both in both eyes,

characterized in comprising:
- an offset calculator (102) designed to calculate an offset image ( Al') based

on a first one of the input images;

- an addition unit (104) designed to calculate the first output image (I, ) by
adding the offset image ( Al') with a second one of the input images (I ); and

- a subtraction unit (106) designed to calculate the second output image ()

by subtracting the offset image ( Al') from the second one of the input images ().

2. An image processing unit (100) as claimed in Claim 1, characterized in that

the offset calculator (102) is designed to calculate the offset image (Al') by subtracting a
third one of the input images () from the first one of the input images (/, ) and dividing by

a constant substantially equal to two.

3. An image processing unit (101) as claimed in Claim 1, characterized in that
the offset calculator (102) is designed to calculate the offset image (Al') by subtracting the

second one of the input images (/) from the first one of the input images (1, ).

4, An image processing unit (103) as claimed in Claim 1, characterized in that
the offset calculator (102) is designed to calculate the offset image (Al') by differentiating the

first one of the input images (7).
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5. An image processing unit (105) as claimed in Claim 1, characterized in further
comprising a render unit (202) designed to render the input images based on a captured

image (/) and a depth map (D).

6. An image processing unit (105) as claimed in Claim 5, characterized in that

the depth map (D) is provided by a depth camera (216).

7. An image processing unit (107) as claimed in Claim 5, characterized in further
comprising a depth estimation unit (204) designed to generate the depth map (D) based on
the captured image (7).

8. A method of generating, based on a number of input images (I, ,/; ), a

first output image (; ) and a second output image ( /), to be displayed on a stereoscopic
display device (306) resulting in:

- a stereoscopic image in the case of a first observer (302) who perceives the
first output image (I, ) and the second output image ( I, ) substantially separate in a left and a
right eye; and

- a monoscopic image in the case of a second observer (304) who perceives
the first output image (I, ) and the second output image ( /) substantially both in both eyes
characterized in comprising the steps of:

- calculating an offset image ( Al') based on a first one of the input images;

- calculating the first output image (I, ) by adding the offset image ( AI) with
a second one of the input images (7 ); and

- calculating the second output image (/) by subtracting the offset image

(AI) from the second one of the input images ().
9. A method as claimed in Claim 8, characterized in that the offset image (A7) is
calculated by subtracting the second one of the input images (/ ) from the first one of the

input images (7, ).

10. An image display apparatus (300) comprising:
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- image processing unit (100) for generating, based on a number of input
images (I,,I ,1, ), a first output image (/; ) and a second output image (I},), to be displayed
on a stereoscopic display device (306) resulting in:

- a stereoscopic image in the case of a first observer (302) who perceives the
first output image ( I, ) and the second output image (/ ») substantially separate in a left and a
right eye; and

- a monoscopic image in the case of a second observer (304) who perceives
the first output image (I, ) and the second output image (/ +) substantially both in both eyes;
and

- the stereoscopic display device (306),
characterized in that the image processing unit (100) comprises:

- an offset calculator (102) designed to calculate an offset image (AI') based

on a first one of the input images;

- an addition unit (104) designed to calculate the first output image (I 1) by
adding the offset image ( AI') with a second one of the input images ([ ); and

- a subtraction unit (106) designed to calculate the second output image (/)

by subtracting the offset image (Al) from the second one of the input images (/).
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