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AUTO-STEREOSCOPIC DISPLAY DEVICE AND DRIVING METHOD

FIELD OF THE INVENTION

This invention relates to auto-stereoscopic display devices.

BACKGROUND OF THE INVENTION

Various types of auto-stereoscopic display device are known. Essentially, such

displays include an optical arrangement which directs different views into different directions

at which the eyes of a user may be located, so that the user does not need to wear special

glasses for this purpose.

The different directions of the views to different locations can for example be

achieved with a lens arrangement, with individual lenses covering groups of pixels. The

lenses then direct light from different pixels in different directions, and in this way different

images (e.g. left and right) can be sent to different directions.

Another approach is to use a barrier arrangement. This again has the function

of limiting the direction in which light from individual pixels can be sent.

A problem with this arrangement is that the resolution of the individual views

is reduced. By operating in time-multiplex as well as spatial-multiplex manner increased

resolution can be obtained.

The designs outlined above provide the different views in fixed different

directions. However, other designs provide tracking of the position the eyes of one or more

viewers. This means that for each viewer only two views need to be generated, instead of a

full set of views (typically 9 or 15) filling the field of view.

This invention is particularly concerned with a known type of auto-

stereoscopic display in which a light-steering backlight is used to direct light into the eyes of

one or multiple viewers that are detected using cameras. The left- and right-images are

displayed sequentially on an LCD.

For each viewer, two direction light source configurations of the backlight are

switched on and off in phase with the LCD such that at a given moment in time each eye sees

either the correct image or a black screen.



A light-steering backlight can for example comprise a pixellated backlight and

a lens arrangement. By controlling backlight elements, the resulting light output direction is

determined by the lens. Electrowetting prism arrays can also be provided for directing a

backlight output in different directions.

Typically, a lens array is used to achieve the required light-steering. However,

these lens arrays suffer from aberrations off-axis. As a consequence, loss of angular

resolution occurs at larger incidence angles. This is a problem with backlight-steering

approaches generally.

To address this problem, it has for example been proposed to place the

illumination sources on a curved surface and to limit the aperture of each optical element.

Multiple optical elements are then stacked and shifted a distance horizontally equal to the

width of the aperture opening. A vertical diffuser can be used to achieve a homogeneously lit

display. This however results in a more complicated optical structure.

SUMMARY OF THE INVENTION

According to the invention there is provided a device and method as claimed

in the independent claims.

According to one aspect of the invention, there is provided a backlight

arrangement for an auto-stereoscopic display device, comprising:

- a segmented backlight; and

a lens arrangement comprising an array of lens units, wherein a respective sub-

array of -backlight segments is associated with each lens unit of the lens arrangement, such

that the lens unit directs light output from different backlight segments in different directions,

wherein each backlight sub-array provides illumination to a light tube with the

respective lens unit at the end of the light tube, and wherein the light tubes comprise at least

two sets, with the light tubes of a first set all parallel to each other and facing a first direction

and the light tubes of a second set all parallel to each other and facing a second direction.

This arrangement provides a backlight arrangement in which different parts of

the backlight arrangement point in different directions. This means that different parts of the

backlight arrangement will be suitable for directing images in different directions, while

reducing the effect of optical aberrations resulting from large exit angles. It would in theory

be beneficial to provide rotation of the lenses to have their optical axis directly towards the

viewer. However, this is practically not feasible. The invention instead provides sets of lenses



with different static orientations. Each tube of the light tube array directs light efficiently in

its own limited angular range.

The invention enables an increased viewing angle for a flat auto-stereoscopic

display. Thus, the invention also provides an auto-stereoscopic display device comprising:

the backlight arrangement and a light modulating display panel illuminated by the backlight

arrangement.

To address the problem of off-axis lens aberrations, the invention provides the

rotation of the optical axes in a flat matrix structure. The lens optical axes are in particular

rotated in the horizontal (column) direction.

The light tubes can comprise three sets, wherein the light tubes of the first set

are directed normally to the display panel, the light tubes of the second set are directed

laterally to one side of the normal and the light tubes of the third set are directed laterally to

the other side of the normal.

The light tubes of the second and third sets can be directed laterally to the side

of the normal by an amount between 10 and 30 degrees. Each light tube can for example have

an exit area of between 0.25 square centimers (cm2) and 4 square centimeters (cm2) .

Each set of light tubes can comprise a plurality of (horizontal) rows of light

tubes, with light tubes of one set alternated with the light tubes of the other sets. A vertical

diffuser at the output of the backlight arrangement can then be used so that the rows of light

tubes which are providing illumination have their light output expanded in the column

(vertical) direction.

A camera arrangement is preferably provided for tracking the location of one

or more viewers, and the display further comprises a controller adapted to select which set of

light tubes to use for each image to be presented in dependence on the viewer location, and to

control the backlight arrangement to control the direction of illumination to the display panel

for each image.

In this way, the best light tubes to be used are selected, and then the sub-array

of backlight segments is controlled to provide the required illumination direction.

The invention also provides a method of controlling an auto-stereoscopic

display device which comprises a backlight arrangement comprising a segmented backlight

and a lens arrangement comprising an array of lens units, wherein a respective sub-array of

backlight segments is associated with each lens unit of the lens arrangement, such that the

lens unit directs light output from different backlight segments in different directions,

wherein the method comprises:



aligning each backlight sub-array with a light tube having the respective lens

unit at the end of the light tube, and wherein the light tubes comprise at least two sets, with

the light tubes of a first set all parallel to each other and facing a first direction and the light

tubes of a second set all parallel to each other and facing a second direction;

- detecting the position of a viewer;

based on the viewer position, determining which set of light tubes to use to

display an image to each eye of the viewer; and

for the selected light tubes, controlling the associated sub-array of backlight

segments to provide illumination in a direction through a light modulating display panel to

each eye of the viewer.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of the invention will now be described in detail, with reference to

the accompanying drawings, in which:

Figure 1 is used to explain the basic operation of a known backlight steering

auto-stereoscopic display device;

Figure 2 shows a backlight arrangement of an auto-stereoscopic display device

of the invention;

Figure 3 shows the different orientations of the light tubes of Figure 2 in more

detail;

Figure 4 shows the angular relationship between light tubes;

Figure 5 shows the optical parts of an auto-stereoscopic display device of the

invention;

Figure 6 shows the electronic components in addition to the optical

components of Figure 5; and

Figure 7 is used to explain how the light tubes are selected and how the

associated backlight sub-arrays are controlled.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The invention provides a directional backlight arrangement for an auto-

stereoscopic display in which different parts of the backlight arrangement point in different

directions. This means that different parts of the backlight arrangement will be suitable for

directing images in different directions, while reducing the effect of optical aberrations

resulting from large exit angles.



Figure 1 is used to explain generally the type of display device to which the

invention relates.

The display comprises a backlight arrangement 10 and a light modulating

display panel 12, such as an LC panel. The backlight arrangement comprises a set of

segmented backlight sub-arrays 14, each of which is associated with an output lens 16.

The more backlight sub-arrays there are, the greater the number of backlight

segments that can be turned on to provide illumination of the display panel, so that the

intensity of the individual backlight segments can be reduced. Of course, a greater number of

backlight segments implies a more complicated structure as well as higher cost as a result of

the greater number of light sources. The size of the backlight sub-array is sufficient to enable

a desired number of individually addressable backlight segments (e.g. individual LEDs) to be

provided so as to give the desired controllability of the illumination direction. Thus, a

compromise is found between the complexity of the lens structure, the size of the individual

lighting segments, the number of lighting segments per sub-array and the required backlight

intensity per segment.

The limiting factor is typically the size of a single controllable light segment in

the backlight sub-array. For a given viewing distance, a given angular resolution of view

directions will be required, and this in turn specifies the spatial resolution of the light source

array, which relates to the size and spatial resolution of the light sources and lenses..

Each sub-array has a grid of light sources, such as LEDs. By selecting which

LEDs are illuminated, the light output direction from the lenses can be controlled. As shown

in Figure 1, by using a selected LED within each sub-array, the light output direction from

each lens is the same, as shown by envelopes 18. By suitable selection of one or more light

sources in each sub-array 14 for each lens 16, the envelopes 18 can converge so that they

meet at a single eye position for a designed viewing distance. Thus, by controlling the sub-

arrays, the light output can be directed to specific lateral (i.e. left-right) position in space at a

given viewing distance. A problem with this type of arrangement is that optical aberrations

affect the light output for large non-normal exit angles.

The invention also uses backlight sub-arrays, but provides the light to a light

tube with the respective lens unit at the end of the light tube. The light tubes comprise at least

two sets, with the light tubes of a first set all parallel to each other and facing a first direction

and the light tubes of a second set all parallel to each other and facing a different second

direction.



Figure 2 shows an example of the light tube arrangement in which there are

three sets of light tubes. The light tubes of the first set are directed normally to the display

panel, the light tubes of the second set are directed laterally to one side of the normal and the

light tubes of the third set are directed laterally to the other side of the normal.

In the example of Figure 2, the set of light tubes are in rows. Figure 2 shows

three rows of light tubes. Figure 2(a) shows a front view of three rows of three light tubes.

The top row has tubes directed normally. The next row has light tubes directed

to the right (as seen when facing the backlight arrangement) and the bottom row has light

tubes directed to the left. A view from above the backlight arrangement top edge is shown in

Figure 2(b) for each of the three rows.

As shown, each backlight sub-array 14 is provided at the entrance end of a

light tube 20 having light absorbing walls. In this way, only direct light from the backlight

sub-array reaches the light lens, and high contrast is achieved. Reflective vertical walls can

be used to increase the light output efficiency but this will reduce the contrast. The exit end

of each light tube 20 is provided with a lens, or set of lenses (this lens or set of lenses is

generally termed a "lens unit"). Figure 2(b) shows how the light tubes are arranged in

different direction in the different rows. All light tubes of one set are parallel to each other.

All light tubes are horizontal (i.e. face outwardly) and the angular difference is in the lateral

(i.e. left-right) direction. By defining the sets of light tubes as rows, it is possible to combine

the light tubes to define a continuous output surface as shown in Figure 2(a).

Figure 2(c) shows the plan view of all three rows superimposed on each other.

The backlight sub-array illuminates an entire lens, so that no aperture is used.

The backlight sub-array 14 is placed at the focal plane of the lens unit. To

improve performance, the backlight sub-array may be placed closer to or further from the

lens. The backlight sub-array is oriented such that the optical axis of the lens 16 lies normal

to the plane that contains the backlight sub-array. This is shown more clearly in Figure 3 in

which Figure 3(a) shows the front view of a single light tube and Figure 3(b) shows a side

view. The non-transparent boundary is shown as 22. Figure 3(c) shows the three different

orientations side by side, and shows the plane of the backlight sub-array parallel to the lens,

i.e. perpendicular to the lens optical axis.

An alternative arrangement is to place all the backlight sub-arrays 14 for all

tubes on one common plane surface. In this case, an additional correcting lens can be placed

at the exit end of each tube, as part of the lens unit, to provide the required focusing of rays.



Each backlight sub-array can comprise closely packed LEDs or OLED strips.

Alternatively, the light source matrix may consist of a miniature LED or OLED display.

By way of example, each tube of the lens tube array can be 1 cm wide, 1 cm

high and 2 cm deep. For a 3D backlight of 1 m wide and 0.5 m high this means that the tube

array has 5000 tubes where each tube has a lens and a separate miniature LED or OLED

display at the back.

Each light tube can have a backlight sub-array with approximately 30 lighting

segments in the row direction. More generally there may be between 10 and 50. The more

segments, the greater the directional control, but the lower the intensity. There can be only

one segment in the column direction since resolution is not needed in the column direction.

However, a 2D array of backlight segments in the backlight sub-array can be used. The size

of the backlight sub-array thus is large enough to have the required number of backlight

segments, but small enough that the overall size (in particular thickness) of the backlight can

be made small. A smaller tube entrance and exit face results in a smaller tube length, and

thereby a reduced overall backlight thickness. With an approximate length to width ratio of

the tubes of around 2:1, the light tubes preferably have a width dimension at most a few

centimetres.

The fixed direction of the three sets of light tubes can for example be 0

degrees, minus 20 degrees and plus 20 degrees. This 20 degree offset can more generally be

any angle, for example in the range 10 to 30 degrees.

Figure 4 shows light ray paths that correspond to the most left and most right

position on a lens such that each lens is fully lit horizontally.

Switching on one single LED of the backlight sub-array, or a small group of

LEDs, results in a more or less collimated beam of light in a direction that depends both on

the orientation of the lens tube and on the position of the LED or LEDs relative to the optical

axis of the lens.

Figure 4 shows how the oriented lens tube configuration doubles the opening

angle from Θto 2Θ, where Θ is the output angle range for one light tube. Figure 4 shows the

left directed tubes in Figure 4(a), the normally directed tubes in Figure 4(b) and the right

directed tubes in Figure 4(c). This factor of two (instead of three) results from overlap

between the light output directions. For the left-oriented lenses (Figure 4(a)) the right-half of

the opening angle Θcannot be used since then the tube matrix becomes visible. The same

applies for the left-half of the opening angle of the right-oriented lenses (Figure 4(c)).



This problem of the tube matrix being visible is caused by the requirement that

all rotated lenses should be generally arranged on the same surface, which implies that each

tube in the tube array is shifted with respect to its neighbours as shown in Figure 4 . The

effect is that for some viewing angles the absorbing boundary becomes visible, for example

region 24 shown in Figure 4(a). These angles are thus excluded and are instead provided by

the normally directed tubes.

Figure 5 shows how the lens tube array can be used within an auto-

stereoscopic display. Figure 5 shows a side view of the device. Rows in the lens tube array

correspond to different orientations.

To spread light vertically, two vertical diffuser sheets 50 are placed between

the lens tube array and the LCD display panel 12. Alternatively, the horizontally oriented

tube matrix material can be made reflective and one vertical diffuser can then be removed.

Light-steering is only done in the horizontal direction via the light tube

configuration and the selection of light sources. The light is not collimated in the vertical

direction.

A reflective horizontal matrix material increases the amount of light that

leaves the tubes under a large vertical angle, thereby making vertical diffusion more

effective.

The light tubes are separate by mechanical separators 52 to provide

mechanical strength.

The display panel can be completely standard, for example a standard HD

panel. Each light tube thus illuminates a sub-array of the pixels of the panel.

The decision of which set of backlight sub-arrays and associated light tubes to

select for the left and right eyes of the viewer depends on the 2D location of the eyes relative

to the display.

The complete system is shown in Figure 6 .

The backlight arrangement of light tubes and lenses is shown as 10 for

illuminating the display panel 12. A controller 60 receives an input from a head-tracking

arrangement 62 which tracks the pupils of one or more viewers.

The controller 60 controls the display panel 12 to provide an output image for

presentation to one pupil of one viewer. Each displayed image is thus a full resolution display

at the native resolution of the display panel. The controller also selects which set of backlight

sub-arrays to use, as well as controlling the backlight sub-arrays to generate the desired light

output direction from the light tubes.



The different images required (two per viewer) are provides in a time

sequential manner. For this purpose, the display panel has a high refresh rate, for example

240Hz or more. There will be a maximum number of users for which separate images can be

provided, for example 2, 3 or 4 .

The head-tracking arrangement can comprise one or multiple cameras

mounted on the display.

The decision on which set of backlight sub-arrays to be used can be carried out

using the following steps:

1. For a detected eye-location, the angle a is calculated as shown in Figure 7

which is the angle between the line that connects the eye and the centre of each column of

tubes in the matrix and the normal to the display surface. This angle varies slightly across the

display, with the variation being greater for closer viewing distances. The angle can be

determined for each column, so that the illumination direction for each column of the display

can be selected independently.

2 . The magnitude of is compared with the magnitude of the lens opening angle

Θ. A decision is then made about which tube orientation to use. The decision rule is shown in

Figure 7 . Essentially, if the required orientation is outside the range of the normally directed

light tubes, one of the sets of laterally directed light tubes is used.

3 . The angle between the line that connects the eye and the centre of the tube lens

and the optical-axis of the selected tube lens is then used to calculate which light source (or

light sources) of the backlight sub-array to use to steer light towards the eye. Since refraction

occurs at the lens air/interface, and multiple lenses may be present in each lens unit, this

calculation takes into account all of the air/lens material ray-direction changes.

The viewing direction required for each column of the backlight arrangement

can be determined independently for each image, i.e. the left and right images can result in a

different set of light tube selections. As also mentioned above, within an image, different

parts of the image can be provided by different light tube directions, or else single light tube

directions may be selected for the whole of each image.

The invention has been described above in connection with three sets of light

tubes. However two can be used, both laterally offset from the normal direction. It is

however, preferred to have a normally directed set of light tubes, since the normal direction is

likely to represent the ideal viewing position, and the most likely position for a single viewer.

This implies that there is preferably an odd number of sets of light tubes, for example 3 or 5.



The controller has not been described in detail. Essentially, it combines the

function of a standard display driver with logic to select with light tubes to use, and to derive

the backlight segments which need to be oriented. This involves basic trigonometric

functions once a viewer position has been determined. The head-tracking system can be

totally conventional, and such systems are already used in head-tracking auto-stereoscopic

displays.

The display panel can be an LCD panel or any other light modulating display

technology.

Other variations to the disclosed embodiments can be understood and effected

by those skilled in the art in practicing the claimed invention, from a study of the drawings,

the disclosure, and the appended claims. In the claims, the word "comprising" does not

exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a

plurality. The mere fact that certain measures are recited in mutually different dependent

claims does not indicate that a combination of these measured cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the scope.



CLAIMS:

1. A backlight arrangement for an auto-stereoscopic display device, comprising:

a segmented backlight; and

a lens arrangement comprising an array of lens units,

wherein a respective sub-array (14) of backlight segments is associated with

each lens unit (16) of the lens arrangement, such that the lens unit (16) directs light output

from different backlight segments in different directions,

wherein each backlight sub-array (14) provides illumination to a light tube

(20) with the respective lens unit at the end of the light tube, and

wherein the light tubes comprise at least two sets, with the light tubes of a first

set all parallel to each other and facing a first direction and the light tubes of a second set all

parallel to each other and facing a second direction.

2 . An arrangement as claimed in claim 1, wherein the light tubes (20) comprise

three sets, wherein the light tubes of the first set are directed normally to the display panel,

the light tubes of the second set are directed laterally to one side of the normal and the light

tubes of the third set are directed laterally to the other side of the normal.

3 . An arrangement as claimed in claim 2, wherein the light tubes (20) of the

second and third sets are directed laterally to the side of the normal by an amount between 10

and 30 degrees.

4 . An arrangement as claimed in claim 1, wherein each light tube (20) has an exit

area of between 0.25 square centimeters and 4 square centimeters.

5 . An arrangement as claimed in claim 1, wherein each sub-array (14) comprises

an array of individually addressable light segments, wherein there are at least 10 columns of

light segments in each sub-array.



6 . An arrangement as claimed in claim 1, wherein each set of light tubes (20)

comprises a plurality of rows of light tubes, with light tubes of one set alternated with the

light tubes of the other sets.

7 . An arrangement as claimed in claim 1, further comprising a vertical diffuser

(50) at the output of the backlight arrangement.

8. An auto-stereoscopic display device comprising a backlight arrangement as

claimed in claim 1; and a light modulating display panel (12) illuminated by the backlight

arrangement.

9 . A display device as claimed in claim 8, further comprising a camera

arrangement (62) for tracking the location of one or more viewers, and wherein the display

further comprises a controller (60) adapted to select which set of light tubes to use for each

image to be presented in dependence on the viewer location, and to control the backlight

arrangement to control the direction of illumination to the display panel for each image.

10. A method of controlling an auto-stereoscopic display device which comprises

a backlight arrangement comprising a segmented backlight and a lens arrangement

comprising an array of lens units (16), wherein a respective sub-array (14) of backlight

segments is associated with each lens unit (16) of the lens arrangement, such that the lens

unit directs light output from different backlight segments in different directions, wherein the

method comprises the steps of:

aligning each backlight sub-array (14) with a light tube (20) having the

respective lens unit (16) at the end of the light tube, and wherein the light tubes comprise at

least two sets, with the light tubes of a first set all parallel to each other and facing a first

direction and the light tubes of a second set all parallel to each other and facing a second

direction;

detecting the position of a viewer;

- based on the viewer position, determining which set of light tubes to use to

display an image to each eye of the viewer; and

for the selected light tubes, controlling the associated sub-array (14) of

backlight segments to provide illumination in a direction through a light modulating display

panel to each eye of the viewer.



11. A method as claimed in claim 10, wherein the light tubes (20) comprise three

sets, wherein the light tubes of the first set are directed normally to the display panel, the

light tubes of the second set are directed laterally to one side of the normal and the light tubes

of the third set are directed laterally to the other side of the normal.
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