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THOD _ PA PRODUCING S OPIC
IMAGES
FIELD OF THE INVENTION

The present invention relates to a method and apparatus for producing
stereoscopic images, in particular a method of displaying stereoscopic images
on a standard TV or Computer monitor without apparent flicker. In order to view
the stereoscopic images the viewer wears a pair of glasses that substantially
enable the full colour spectrum to be seen by each eye.

BACKGROUND OF THE INVENTION

In order for a viewer to see stereoscopic images it is necessary for the
viewers eyes to view the subject matter from a slightly different perspective such
that each eye sees a different view of the image. Several methods are currently
used to display stereoscopic images on a TV or Computer monitor. The
anaglyph system, as practiced in the current art, depends upon the use of
complementary colour filters placed in front of each eye. For example a red
- transmitting filter may be used for the left eye, and a blue and green (cyan)
transmitting filter used for the right eye. After each eye has become accustomed
- to the particular colour bias, anci by displaying the left hand perspective of the
subject in red and the right hand perspective in cyan, a reasonable stereoscopic
image may be observed. However, because each eye is observing a very
_ restricted portion of the full colour spectrum, only limited colour information can
be added to what generally appears a lightly tinted picture.

A current technique is to produce on a TV or Computer monitor full colour
-images of the left and right perspective’s alternately. The screen is viewed
through spectacies which permit each eye to receive only the image of the
appropriate perspective. The spectacles typically consist of Liquid Crystal
elements that alternately “shutter” each eye, hence the generic term shutter
glasses. The problem with this system is that when used at the standard field
rate of 50Hz for PAL and 60Hz for NTSC television images, substantial flicker is
produced because the image received by each eye alternates with periods of
darkness. In order for this system to be acceptable to a viewer the image needs
to be electronically processed to doubie the frame rate to a minimum of 100Hz.
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At this speed the flicker is not noticeable. However, the video image is now no
fonger produced at a standard speed and can not be displayed on a normal TV

or Computer monitor.
An alternative approach was proposed by Street in U.S. Pat. No

4,692,792 whereby at least two perspectives of an object field are displayed so-

that in use, the components of the colour spectrum used to display one
perspective are, at a given instant, generally complementary to the components
of the colour spectrum used to display another perspective whilst, averaged
over a period of time, each said perspective is displayed using a generally
representative set of components of the full spectrum of colour relative to the
object field to be displayed stereoscopically. In effect this system transmits
components of the colour spectrum corresponding to one perspective of an
image at a given instant to one eye of a viewer and components of the colour
spectrum corresponding to a second perspective of the image to the other eye
of the viewer.

In practice Street's invention is not useable when the red/cyan
transmission filters are switched at standard field rates of 50Hz for PAL and
60Hz for NTSC since substantial flicker of the image is observed at these
switching rates. Further to switch at a different rate, for example 100Hz, would
result in a rate which is non standard in relation to TV standards and would
require special processing of the TV images, for example line doubling, as well
as a special TV or Computer monitor. Additionally,'the electromechanical
nature of Street's spectacles means that they are not comfortable to wear for
long periods due to their weight and the noise and vibrations felt by the viewer.

Further, it has been found that the system disclosed by Street also
produces substantial peripheral flicker, in that the surroundings around the

‘image appear to flicker. That is, because of the switching of the glasses, the

background and other objects around the image appear to flicker.. Such a
flickering background has been found to be quite disconcerting to a viewer.
OBJECT OF THE INVENTION '

An object of the invention is to provide a method and apparatus for
producing a stereoscopic image .in which the viewer is provided with a image
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which may. include a substantially full range of colour information for each eye

‘substantially without flicker, and preferably when viewed on a standard,

unmodified, PAL or NTSC TV or Computer monitor.. Another object of the
invention is to provide such an apparatus which may be produced in a fully
electronic form rather than the electromechanical configurations of the prior art.
Another object of the invention is to provide such an apparatus at relatively low
cost.

- SUMMARY OF THE INVENTION
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- With the above objects in mind the present invention provides in one

aspect: _ :

-an apparatus for displaying a stereoscopic image, the apparatus having a
predefined field frequency for displaying said image, and including:

a first filter means for passing a first perspective of an image with a first
spectral component of a colour spectrum;

a second filter means for passing a second perspective of said image
with a second spectral component of said colour spectrum;

an alternating means for alternating said first and second spectral
components; B

wherein said alternating means operates at a rate equal to an odd
multiple of the field frequency of the display apparatus.

in a further aspect the presént invention provides:

a method for displaying a stereoscopi'c image on a display apparatus
having a predefined field frequency wherein: |

a first perspective of an image to be viewed by a viewers left eye is
passed through a first filter having a first spectral component of a colour
spectrum; _

a second perspective of an image to be viewed by a viewers right eye is
passed through a second filter having a second spectral component of a colour

* spectrum;

and said first and second spectral components are caused to alternate at
a rate equal to an odd multiple of the field frequency of the display apparatus.
Preferably, the present invention utilises first and second spectral
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components that are complementary to each other. That is, a combination of the
first and second spectral components would produce white light. -Conveniently,
the first spectral combonent may be red, and the second spectral coniponent
cyan, or a combination of blue and green. The present invention will be further
5 discussed with reference to this red and cyan 6ombihation, however, any colour
and its complement could also be used. For example, blue and yellow, or
alternatively green and magenta, may also be used.
Preferably, the present invention also includes a synchronising means to -
ensure that a viewers left eye only sees the first pei‘spective of the image, and-

' 10 that a viewers right eye only sees the second perspective of the image.

In yet a further aspect the present invention provides:

a system for vieWing‘ stereoscopic images including:

a filter means adapted to produce spéctrally filtered left and right eye
images for viewing by a viewers_' left and right eyes respectively; '

15 a projection means for projecting or displaying said spectrally filtered left
and right eye images on a display means having a predefined field frequency;
and - | | |

a viewing means to enable a viewer to view said spectrally filtered left
and right eye images on said display means;

20 wherein said filter means includes:

a first spectral filter means for filtering a left eye perspective of an
image with a first spectral component of a colour spectrum;

a second spectral filter means for filtering a right eye perspective of
said image with a second spectral component of said colour spectrum;

25 and | |

an alternating means for alternating said first and second spectral
components at a rate equal to an odd fnultiple of the field frequency of
said display means. '
Ideally, the invention is configured where by at least two perspectives of

30 an object field are displayed so that in use, the components of the colour
spectrum used to display one perspective are, at a given instant, generally
complementary to the components of the colour spectrum used to display
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another perspectivei" whilst, averaged over a bériod of time, each said
perspective is displayed using a generally representative set of components of
the full spectrum of colour relative to the object field to be displayed
stereoscopically. In effect this system transmits components of the colour
spectrum corresponding to one perspective at a given instant to one eye of a
viewer and components of the colour spectrum corresponding to a second
perspective at that instant to the other eye of the viewer. .

For example, a left-perspective view of an object in an object field and a

.- right-perspective view may be displayed on a screen, with the right-perspective
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displayed in red and the left-perspective displayed in complementary cyan.
Rapid switching between the two produces a substantially full spectrum of
colour for each perspective. . _

It has been found in practice that switching between the red perspective
and cyan perspective images at PAL and NTSC field rates causes a
pronounced flicker to be observed. in order to overcome this flicker it has been
found necessary to increase the switching rate to a minimum of 100Hz. At this
speed, and above, the viewer is not aware of any flicker. However, since there
are no TV video standards at this frequency or above it would be necessary to
use some form of standards converter or line doubler to enable a practical, no
flicker, implementation of this technique.

. In order to switch at speeds of greater than 100Hz, and stili maintain -
compatibility with existing PAL and NTSC standards, it has been found
necessary to switch at odd multiples of the field frequency ie 150, 250Hz etc for
PAL and 180, 300Hz etc for NTSC.

The present invention will be further described with reference to the
accompanying drawings. It will be appreciated by the person skilled in the art
that other embodiments of the present invention are possible, and therefore the
particularity of the accompanying drawings is not to be understood as
superseding the generality of the preceding description of the invention.

Figure 1 demonstrates the complementary switching of the components
of the colour spectrum for one field.

Figure 2 shows the progressive switching over two fields.
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Figure 3 shows the relationship between the driving voltage and colour

" transmission of a Chiral Smectic (CS) LCD Cell.

Figure 4 shows a practical implementation of a stereoscopic viewing
system using CS LCD Cells constructed as spectacles. |

Figure 5 shows the stereoscopic video format'required to drive a decoder
of the present invention. ' o

Figure 6 shows a possible configuration to enable a CS LCD cell to be
driven at odd multiples of the field frequency. | _

Figure 7 shows a possible decoder for use with the present invention.

Figure 8a shows a possible switching means, in this case a multiplexer

cyan complement of the image to the right eye.

Figure 8b shows the next instance following Figure 8a, wherein the

multiplexer is configured to transmit the cyan complement of the image to the left
eye, and the red cosﬁ'plement of the image to the right eye.

Figure 9a shows a typical frequency spectra of two complementary
spectral com'ponents'." |

Figure 9b shows a graph of a notch filter to address the cross talk of two
complementary spectral components. ' '

Figure 9c shows a resultant frequency spectra of two complementary

- spectral componentS'after application of a notch filter.

25

30

Referring now to the drawings, whilst the present invention could be

combined with 2D to 3D conversion systems, it is primarily directed towards a |

system for receiving a 2D signal together with 3D data, whereby the 3D data
enables a decoder to convert the 2D signal into réspective left and right eye

- images for stereoscopic viewing by a viewer.

An example block diagram of a decoder in accordance with the present
invention suitable for converting conventional analogue field sequential 3D, into
a format suitable for use with colour sequential glésses is shown in Figure 7.
The operation of this decoder is as foliows:

Incoming video, which may be in composite or S-Video format is
converted into 24bit RGB format using a video Analogue to Digital converter.
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Alternate fields are stored in two 256k x 24bit field stores such that field store 1
contains odd fields and field store 2 contains even fields. The 24bit RGB outputs
from each field store are selected by a triple 8bit multiplexer that, assuming
Red/Cyan encoding has been used, selects the outputs as shown in Figure 8.
That is, at one instance the red-component of an image is directed towards the
left eye, whilst the cyan component of the image is directed towards the right
eye, as can be seen in Figure 8a. Then in the next instant the multiplexer
switches such that the cyan component is fed to the left eye and the red
component to the right eye, as can be seen in Figure 8b. The output from the
multiplexer is fed into a video Digital to Analogue encoder, the resultant
composite or S-Video output being displayed on a standard Television or
computer monitor.

Other methods of constructing a decoder are possible, for example a
16bit YUV with a colour space conversion into and out of the triple 8bit
multiplexer could also be used. . .

The timing generator can operate to switch the muiltiplexer at an odd
multiple of the field rate, thereby enabling both eyes of the viewer to receive a
substantially full colour spectrum and the image in 3D. That is, each eye views
two spectral components of each field.

The choice and type of decoder is not important. What is required is that
the decoder be able to receive and process the 2D image and 3D data,
spectrally filter both the left and right eye images with two distinct spectral
components, whilst effectively switching the spectral components at an odd
multiple of the field frequency, such that the alternate filtering of both spectrai
components resulits in a substantially full colour stereoscopic image.

For example, consider a system of the present invention that switches at
150Hz, three times the PAL field rate of 50Hz, as illustrated in figure 1. The
three phases of the first video field are indicated as A,B and C in figure 1.
During phase A the red component of the left perspective view is presented to
the left eye and the cyan component of the right perspective view to the right
eye. During phase B the cyan component of the left perspective view is
presented to the left eye and the red component of the right perspective view to
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the right eye. During phase C the red component of the left perspective view is
presented to the left eye and the cyan component of the right perspective view to
the right eye. The three phases of the second video field are indicated in figure
2. During phase A the cyan compdnent of the left perspective view is presented
to the left eye and the red component of the right perspective view to the right
eye. During phase B the red component of the left perspective view is
presentéd to the left eye and the cyan component of the right perspective view to
the right eye. During phase C the cyan component of the left perspective view is
presented to the left eye and the red component of the right perspective view to
the right eye. Thus during any phase each eye receives a spectral component
of the colour spectrum of the pe'rspective image. Over two adjacent phases eg -
AB, BC each eye receives substantially the full colour spectrum from its
respective perspective view and since the switching rate is greater than 100Hz
no flicker is evident. ' ' '

Previous methods of providing spectacles that provide the necessary
switching betweeh red and cyan have relied on mechanical or
electromechanical assemblies. A fully electronic, or electro-optic switchable
colour filter will overcome all the problems associated with a viewer wearing
spectacies having a mechanical or selectromechanical components.
Electro-optic switchable colour filters come in two basic varieties: birefringent
colour filters and dichroic colour filters. Both types operate by linearly polarising
light in a particular way that then allows the electro-optic means to manipulate
those polarisations and transmit one colour at a time. The polarisation
manipulation required entails either rotating the polarisation'directior-\ by 90° or
leaving the direction unchanged. Both birefringent and dichroic filters were
originally constructed with Kerr cells or Faraday rotators to control the
polarisation, but today quuid crystal retarders provide the electro-optic function
more conveniently. '

New developments in Liquid Crystal Display (LCD) technologies have
resulted in the development of a Chiral Smectic (CS) liquid crystal cell. This
consists of a thin layer of liquid crystal sandwiched between two glass
substrates. CS devices are switchable half-wave plates with a rotation angle of
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45°. They are binafy devices capable of switching between two orthogonal
polarisation states. For an application of the present invention they may be
constructed to switch between either red or cyan transmission. Transition times,
between red and cyan, are small compared with the field flyback period of PAL
and NTSC television standards. The cells are typically driven with bipolar +/- 5V
DC balanced waveforms as illustrated in figure 3.

One basic practical implementation of a stereoscopic viewing system
using CS LCD spectacles is illustrated in figure 4. It will be understood that
other viewing devices may also be used, for example an alternative to the CS
LCD spectacles would be Twisted Neumatic (TN) LCD spectacles.

" Referring now to Figure 4 composite video, in PAL or NTSC format, is
applied to a sync detector which outputs pulses at horizontal sync and a logic
level indicating odd or even video fields. The horizontal sync pulse is used to
clock a D-Typé flip flop with the D input derived from the odd/even signal. The Q
and -Q outputs from the D-Type fiip flop provide the required complementary
signal for directly driving the CS LCD cells. The stereoscopic video format
required to drive this form of decoder is shown in figure 5. This is the most basic
implemehtation and since the colour transitions take place at field frequencies,
50 or 60Hz, flicker is visible to the viewer.

In order to drive the CS LCD cell at odd multiples of the field frequency an
enhanced configuration is required, one possible implementation is shown in
figure 6. In this configuration a Phase Locked Loop, locked to an odd multiple of
the horizontal sync signal is used to provide the higher frequency drive to the
CS LCD cells. _

At present the time taken for a CS LCD cell to switch between red and
cyan is approximately 30 microseconds. This is a significant percentage of the
scan time of a single line of PAL (64pS). Thus the transition from red to cyan or
cyan to red will take approximately 1/2 scan line. It is thus likely that the viewer
will notice this transition since it will occur twice per field (with 3 times field
scan), and would effectively result in two horizontal lines being seen by the
viewer extending across the screen.

Until faster transition CS LCD cells become availabie it is possible to
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reduce the visibility of the transitions to the viewer by changing the video line
number that the cell switches from red to cyan or cyan to red on each field. By
varying the line number, and hence the physical position on the TV or Computer
monitor screen, the colour transition will not be so noticeable to the viewer. That
is, assuming that switching of the cell from one spectral component to the other
spectral component for each frame would normally take place on line x. Then to
reduce the transition effect, the line on which switching occurs for each frame
can be varied to take place on one or more adjacent lines, for example lines x,
X+1, X+2, ..x+n, may be used. Ideally, 5 to 10 different video lines can be used
to switch the cell and thereby reduce the effect of the transitions. The video line
numbers that the transitions take place on every field can be varied in a fixed
sequence or on a pseudo random basis.

There are a number of techniques that can be used to synchronise the

 line number that the transition takes which would be obvious to anyone skilled
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in the art. One technidue would be to insert a synchronising signal at the start of
the first line of the video signal whenever the fixed or pseudo random sequence
is required to restart. |

Itis expected'th,at future developments to the CS LCD cell will result in

faster switching times, or other material may become available that has faster
switching times. [f the transition time could be reduced to a few microseconds
then the transition would occur in the horizontal blanking period and thus wouid

~not be seen by the viewer, in which case it would not be necessary to adjust the

video line switching as described above.

In the preceding discussion, it has been assumed that the giasses allow
only one of the two frequency spedtrum to be seen at any time. That is, when
passing frequency spectrum 1, spectrum 2 is entirely eliminated, and when
passing frequency spectrum 2, frequency spectrum 1 is eliminated. However, in
practice there is some crosstalk between the two frequency spectra particularly

at the point where the two spectra intersect. This is illustrated in Figure 9a. The .

effect of this crosstallg is detrimental to the 3D images displayed and ideally
should be removed. Whilst future colour cells may be available that have a
steeper transition from pass to stop band, a present solution to the crosstalk is to
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provide an optical riotch filter in front of the cell to reduce or eliminate the

spectra at the cross over point. - It will be appreciated that various filters may be

required dependent on the choice of frequency spectrum . For example, whilst a

single notch filter may be sufficient for a red and cyan system, it is likely that two
5 separate filters would be required in a green and magenta system.

It will also be understood that such filters may also be used to equalise
the light amplitude of the two frequency spectra. That is, if the natural light
amplitude of one spectral component differs from that of the other spectral
component, then filters may be used to substantially equalise the two

10 amplitudes, thereby providing the viewer with a more balanced image.
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1. An apparatus for displaying a stereoscopic image, the apparatus having
a predefined field frequency for displa'yihg said image, and including:
- a first filter means for passing a first perspective of an image with a first

spectral component of a colour spectrum;

a second filter means for passing a second perspective of said image
with a second spectral component of said colour spectrum; .

an alternating means for alternating said first and- second spectral
components; | | |

wherein said alternating means operates at a rate equal to an odd
multiple of the field frequency of the display apparatus.
2, An apparatus as claimed in claim 1 wherein said first and second spectral
components are complementary to each other.

3. An apparatus as claimed in claim 1 or claim 2 further including:
a synchronising means to ensure that a viewers left eye only sees the first

perspective of the image, and that a viewers right eye only sees the second
perspective of the image.

4, An apparatus as claimed in any preceding claim wherein the first spectral
component is red and the second spectral component cyan.

5. An apparatus as claimed in any one of claims 1 to 3 wherein the first
spectral component is blue and the second spectral component yellow.

6. An apparatus as claimed in any one of claims 1 to 3 wherein the first
spectral component is green and the second spectral component magenta.

7. An apparatus as claimed in any preceding claim wherein the field
frequency is 50Hz. |
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8. An apparatus as claiméd in any one of claims 1 to 6 wherein the field
frequency is 60Hz. '

9. An apparatus as claimed in any preceding claim further including:

a line control means for regulating on which video line switching from one
spectral component to another spectral component occurs, wherein each
successive image frame is switched on a different video line to the previous
image frame.

10. An apparatus as claimed in claim 9 wherein switching occurs on any one
of a plurality of adjacent video lines.

11.  An apparatus as claimed in claim 9 or claim 10 wherein switching occurs
on any one of 5 to 10 adjacent video lines.

12. An apparatus as claimed in any one of claims 9 to 11 wherein switching
on adjacent video lines is regulated in a sequential order over successive
image frames.

13. An apparatus as claimed in any one of claims 9 to 11 wherein switching
on adjacent video lines is regulated in a pseudo random sequence over
successive image frames.

14. A method for displaying a stereoscopic image on a display apparatus
having a predefined field frequency wherein:

a first perspective of an image to be viewed by a viewers left eye is
passed through a first filter having a first spectral component of a colour
spectrum; |

a second perspective of an image to be viewed by a viewers right eye is

passed through a second filter having a second spectral component of a colour
spectrum;
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and said first and second spectral components are caused to alternél_te at
a rate equal to an odd multiple of the field frequency of the display apparatus.

15. A method as claimed in claim 14 wherein said first and second spectral
components are compiementary to each other.

16. A method as claimed in claim 14 or claim 15 wherein the first spectral
componient is red and the second spectral component cyan.

17. A method as claimed in claim 14 or claim 15 wherein the first spectral -

component is blue and the second spectral component yellow.

18. A method as claimed in claim 14 or claim 15 wherein the first spectral
component is green and the second spectral component magenta.

19. A method as claimed in any one of claims 14 to 18 wherein the field
frequency is 50Hz. '

20. A method as claimed in any one of claims 14 to 18 wherein the field
frequency is 60Hz.

21. A method as claimed in any one of claims 14. to 20 wherein

switching from one spectral component to andther spectral component on
each image frame occurs on a different video line to the previous image frame.

22. A method as claimed in claim 21 wherein switching occurs on any one of
a plurality of adjacent video lines.

23. A method as claimed in claim 21 or claim 22 wherein switching. occurs on
any one of 5 to 10 adjacent video lines.

24. A method as claimed in any one of claims 21 to 23 wherein switching on
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adjacent video lines is regulated in a sequential order over successive image
frames. '

.25. A method as claimed in any one of claims 21 to 23 wherein switching on

adjacent video lines is regulated in a pseudo random sequence over
successive image frames.

26. A system for viewing stereoscopic images including:

a filter means adapted to produce spectrally filtered left and right eye
images for viewing by a viewers left and right eyes respectively;

a projection means for projecting or displaying said spectrally filtered left
and right eye images on a display means having a predefined field frequency;
and '

a viewing means to enable a viewer to view said spectrally filtered left
and right eye images on said display means;

wherein said filter means includes:

a first spectral filter means for filtering a left eye perspective of an
image with a first spectral component of a colour spectrum;

a second spectral filter means for filtering a right eye perspective of
said image with a second spectral component of said colour spectrum; ;
and

an alternating means for alternating said first and second spectral

components at a rate equal to an odd multiple of the field frequency of
said display means.

27. A system as claimed in claim 26 wherein said second spectral
component is complementary to said first spectral component.

28. A system as claimed in claim 26 or claim 27 further including:
a synchronising means to ensure that a viewers left eye only sees the left

eye perspective of the spectrally filtered image, and that a viewers right eye only
sees the right eye perspective of the spectrally filtered image.
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29. A system as claimed in any one of claims 26 to 28 wherein the first
component is red and the second component cyan. |

30. A system as claimed in any one of claims 26 to 28 wherein the first
component is blue and the second component yellow.

31. A system as claimed in any one of claims 26 to 28 wherein the first
component is green and the second component magenta.

32. A system as claimed in any one of claims 26 to 31 wherein the field
frequency is 50Hz.

33. A system as claimed in any one of claims 26 to 3.1 wherein the field
frequency is 60Hz.

34. A system as claimed in any one of claims 26 to 33 wherein said viewing
means includes:

a first spectral filter means corresponding to said first spectral component;

a second spectral filter means corresponding to said second spectral
component;

an interchanging means for interchanging said first and second spectral
filter means at a rate equal to said alternating means.

35. A system as claimed in any one of claims 26 to 34 further including:

a line control means for regulating on which video line of said display
means switching from one spectral component to another spectrai component
occurs, wherein each successive image frame is switched on a different video
line to the previous image frame.

36. A system as claimed in claim 35 wherein switching occurs on any one of
a plurality of adjacent video lines.

i
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37. A system as claimed in claim 35 or claim 36 wherein switching occurs on
any one of 5 to 10 adjacent video lines. '

38. A system as claimed in any one of claims 35 to 37 wherein switching on
adjacent video lines is regulated in a sequential order over successive image
frames.

39. A system as claimed in any one of claims 35 to 37 wherein switching on
adjacent video lines is regulated in a pseudo random sequence over
successive image frames.



