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MULTI-DIMENSIONAL DISPLAY
TECHNICAL FIELD

The present disclosure relates to a 3-D augmented reality display system. Particularly, but
not exclusively, the disclosure relates to an apparatus for creating and projecting 3-D
augmented reality images onto the surfaces of a vehicle interior, such as the windscreen,
dashboard and internal body panels. Aspects of the invention relate to an apparatus for
generating multiple depth images across an extended area of a vehicle interior, including the

windscreen.

BACKGROUND

Heads-up displays (HUDs) are known displays where images are projected onto a suitable
surface, such as a windscreen. Such displays are well known in a number of different

environments including in vehicles.

In automotive HUDs information regarding car conditions (speed etc.) or navigation is
displayed onto the windscreen. Such displays are typically limited in size and project the
image at a fixed depth to the user. Due to the limited size, the HUD may be cluttered with
information that is less relevant to the user taking up a display's real estate. Furthermore, as
the image is of a fixed depth all information presented to the user is given equal prominence.

This further reduces the efficiency of such displays.

A further consideration is that in vehicles there is typically limited physical space in which
such systems can be installed. Typically such systems must be incorporated into existing
spaces present in a vehicle, or installed in as small a space as possible to minimise the need
to remove and reinstall existing components. Furthermore, in such systems there is a cost
associated with the introduction and installation. In addition, the information is typically
displayed by devices/panels with single exit aperture. This limits the maximum possible

achievable image size, i.e. field of view, which can be displayed on the windscreen.

Therefore whilst many existing systems provide some form of augmented HUD they are

often constrained by the size and format of the display.
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SUMMARY OF THE INVENTION

Aspects and embodiments of the invention provide an apparatus for the generation of the

multi-dimensional images on a head-up display.

According to an aspect of the invention there is provided an imaging system for generating
multi-dimensional images on a screen of a head-up display, the imaging system comprising:
a first picture generation unit (18) for generating a first multi-dimensional image to be
rendered at a first portion (24) of the screen of the head-up display, said first portion located
at a first location, said first location corresponding to the foveal vision in the line of sight of a
first user (31); a second picture generation unit (20) for generating a second, different, multi-
dimensional image at a second portion (26) of the screen of the head-up display; wherein

the first region of the display is configured to display a first content; wherein the second

region of the display is configured to display a second, different, content.

Optionally, the first region displays content relating to the prevailing conditions of a vehicle.
Therefore, a user of a vehicle in which the imaging system is implemented may be provided

with important information at all times.

Optionally, the second multi-dimensional image is located at a second location
corresponding to the foveal region of a second user. Optionally, the first user is a driver of a
vehicle in which the imaging system is implemented and the second user is a passenger of

the vehicle. Thus the system provides information to multiple users in the vehicle.

Optionally, the first picture generation unit is configured to display the first content in the

region at a high density resolution.

Optionally, the first picture generation unit is further configured to display a third, different,
multi-dimensional image at a third portion of the head-up display, wherein the third image is
located at a peripheral of the first image. Optionally, the third region displays infotainment
content. Thus the third region is presented at the periphery of the first region to display

further content in a manner which minimises the distraction of the first user.

Optionally, the first and/or second picture generation unit is configured to display a fourth,
different, multi-dimensional image at a fourth portion of the head-up display. Optionally, the
system is configured to selectively display content when it is determined that the foveal

vision of the first user is at the fourth portion of the head-up display.
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Optionally, the system further comprises a sensor configured to track an eye of the first user.
Optionally, the second content is multimedia content. Optionally, the system further
comprises a sensor for determining a field of view of a first user. The system may be
configured to selectively turn off the multimedia content in the event that the field of view of

the first user corresponds to the second location.

Therefore the system can provide multimedia content to a second user, such as a

passenger, in a safe manner which does not distract the first user (e.g. a driver of a vehicle).

An advantage of the present invention is that it provides for a distraction-free visual feedback
to users, such as car drivers, providing convenient access to both essential and peripheral
information. In particular by partitioning the display into multiple regions the present invention
can be configured to show essential information in the field of view of the user (such as that

relating to the conditions of a vehicle) and further ancillary information at the user's

periphery.

Thus the invention provides an immersive experience in a confined space. In particular, it
can utilise the maximum possible display area/space (2D/3D) in all regions, including the
windscreen, side windows, dashboard and internal body panels of a vehicle for an

augmented reality (AR) display for both direct and peripheral vision.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of a vehicle and a HUD according to an embodiment

of the invention;

Figure 2 is a schematic representation of a vehicle in accordance with the an embodiment of
the invention with a driver, a centre region of a HUD and a side region of the HUD
highlighted,

Figure 3 is a schematic representation of a vehicle in accordance with an embodiment of the

invention with a passenger and a passenger region of a HUD of the vehicle highlighted,

3
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Figure 4 is a schematic representation of a vehicle in accordance with an embodiment of the

invention with a driver extended region highlighted:;

Figure 5 is a schematic representation of a vehicle in accordance with an embodiment of the

invention with a driver peripheral region of a HUD of the vehicle highlighted.

Figure 6 is a schematic representation of a vehicle in accordance with an embodiment of the

invention.

Figure 7 is a schematic representation of a vehicle in accordance with an embodiment of the

invention.

Figure 8 is a schematic representation of a vehicle in accordance with an embodiment of the

invention.

Figure 9 is a schematic representation of a vehicle in accordance with an embodiment of the

invention.

Figure 10 is a schematic representation of a vehicle in accordance with an embodiment of

the invention.

Figure 11 is a schematic representation of a vehicle in accordance with an embodiment of

the invention.

Figure 12 is a schematic representation of a vehicle in accordance with an embodiment of

the invention.

DETAILED DESCRIPTION

In an aspect of the invention the apparatus and the HUD are installed in a vehicle, such as a
motor vehicle. Whilst the following description is described with reference to a motor vehicle,
the disclosure, and concepts described herein are applicable to other forms of HUD, for
example those installed on other forms of vehicles, such as trains, buses, aeroplanes and

boats.
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The present invention provides a driver-centric and immersive display. In particular, the
driver is the key person to whom information in the HUD must be displayed and the display
must react according to the driver's needs. In a preferred embodiment, all surfaces of a
vehicle interior, including the windscreen, dashboard and internal body panels are utilized to
deliver information to the driver and passengers. As it is important for drivers to have their
eyes always on the road, essential information is preferentially placed in the line of sight of
the driver. Such information may comprise information about changing road conditions, car

condition, navigational instructions, for example.

Peripheral information, such as that related to infotainment, is also provided when it is
needed, and such information is presented at other regions of the vehicle interior. Such
information may for example, be related to infotainment. Infotainment information relating to

media, e.g. music, radio etc., as well as information regarding telephone calls.

Advantageously in the invention, human vision perception is also taken into account.
Physiologically, the human eye will perceive information differently according to the location
of the information. For example, foveal vision through the line of sight can process 3-4 high-
quality colour images per second, while peripheral vision is less accurate and is not sensitive
to colour but can process image information at 90 images per second. Thus in an
embodiment of the invention there is provided means for providing the information in a

different manner according the conditions of the human eye.

Figure 1 is a schematic representation of a vehicle and a HUD according to an embodiment

of the invention.

Figure 1 is described from the reference point of a driver and passenger insider a vehicle 10.
There is shown the windscreen 12, housing 14 (said housing 14 referring to the outer shell
which covers features such as the centre console, air vents etc.), steering wheel 16, first
image projection means 18, second image projection means 20, third image projection

means 22, driver side window 34, passenger side window 36, and sensor 37.

The image projecting means 18, 20, 22 are integrated into the housing 14. In further
embodiments the image projecting means 18, 20, 22 are placed at other locations within the
vehicle 10. The image projecting means generate the image to be rendered as a virtual
image reflected by the windscreen 12, the driver side window 34, or on the passenger side

window 36.
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As described in further detail below, the image projecting means 16, 18, 20 are configured to

generated different content for each region on the HUD depending on a vehicle situation.

Whist Figure 1 shows three image projecting means 18, 20, 22 in further embodiments the
number of image projecting means may vary. The image projecting means 18, 20, 22 are
known and commercially available. The image projecting means 18, 20, 22 typically
comprise a picture generation unit (to generate the image to be displayed), and a diffuser.
The image generated by the picture generating unit is projected onto the diffuser, which
subsequently renders the image as a real image. The image is subsequently projected onto
the screen of the HUD as a virtual image via a set of focussing optics. The sensor 37 is
configured to sense external stimuli, such as ambient light. In further embodiments multiple
sensors 37 are present and can sense information regarding the driver and/or passengers.
Such information may be physiological information relating to driver alertness, stress etc. In
an embodiment the sensor 37 is an eye-tracking sensor configured to track the eyes of the

driver.

As described in detail below, the windscreen 12 is partitioned into several regions, wherein
each region is configured to display different content. In some embodiments, the system
may be configured to display different content on each region in dependence on who (i.e. a

driver or a passenger) is viewing the particular region.

The described configuration provides a fully immersive HUD for one or more users of the
vehicle 10. In particular, the configuration allows for a greatly extended display when
compared to existing prior art systems, which typically have a much smaller field of view.
The present configuration allows for a fully immersive HUD as it allows for the entire

windscreen 12 to act as the HUD.

As described in further detail below, the configuration provides further advantages as the
information displayed on the HUD can be varied based on the ability of the viewer to
assimilate the information presented. It is known that foveal vision through the line of sight
can process three-four high-quality colour images per second, while peripheral vision is less
accurate and is not sensitive to colour but can process image information at a much higher
rate, approximately 90 images per second. Accordingly, through the use of multiple image
projecting means placed at various locations across the windscreen, information can be
presented at different regions of the HUD in accordance with the ability of the viewer to

assimilate the information.
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Figure 2 is a schematic representation of a vehicle with the driver, centre region and side
region of the HUD highlighted.

There is shown the configuration as described with reference to Figure 1 with the addition of

the centre region 24 and side region 26.

The windscreen 12 comprises a centre region 24, the centre region 24 being positioned in
the foveal vision of the driver. As such the centre region 24 is located above the steering
wheel 16 of the vehicle 10. Surrounding the centre region 24 is a side region 26. Whilst in
Figure 2 the centre region 24 and side region 26 are quadrilateral in shape in further

embodiments they are of any suitable shape.

The centre region 24 is located in front of the driver's seat above the steering wheel 16, and
is therefore is in the foveal vision through the line of sight of the driver, when the driver is a
neutral position. The centre region 24 may display any essential information to the driver and
may always be operative to aid the driver. In an embodiment, the centre region 24 can vary
in size, and it may have a field of view which is larger than 6°x4°.The field of view of the

centre region 24 may be smaller in size than the side region 26.

As the displayed information is in the driver’s foveal vision, the content may be displayed in
the centre region 24 in a high definition, for example of more than 1 arc-min. In an
embodiment, the centre region 24 of the HUD has a pixels count of 1024x768 and occupies
a field of view of approximately ~16.9°x12.7° when displayed at 2m away from the driver.
The centre region 24 may display in full colour with the information displayed at variable
perceived depths. In further embodiments, the resolution of the centre region 24 may be

different, for example Ultra High Definition or Standard Definition.

In an embodiment, the displayed information may include information regarding prevailing
conditions of the vehicle such as a speed of the vehicle, a selected gear etc., a road
condition such as speed limit, line markings, etc., a navigational direction. In further
embodiments, information such as driver condition (tiredness as measured by sensors in
vehicle etc.). The content and amount of the displayed information may change according to

a speed, a road condition, etc. The generation of such data occurs in a known manner.

The side region 26 is located around the centre region 24 in front of the driver. As such, the
side region 26 defines an extended region of the HUD. The side region 26 displays further

information to the driver. In an embodiment, the information displayed in the side region 26

7
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comprises non-essential information such as infotainment. As the side region 26 is
extended, in order to minimise driver distraction the information is non-essential and only

displayed on-demand, or when required.

In an embodiment, the side region 26 may comprise a field of view which is larger than
12°x6° in order to provide an improved immersive experience. The side region 26 may be
smaller than the peripheral region (see below). In an embodiment, the side region 26
displays the information at a high definition of more than 1 arm-min. This may be to
accommodate the fovea resolution when an eye of the driver moves to the side region. The
side region 26 may also display full colour at a fixed depth of equal to or further than the
windscreen location, preferably the perceived image distance is greater than 2m away from

an eye of the driver.

The information presented in the side region 26 can relate to infotainment including phone
call notifications, media, etc. The side region 26 may also be used as an extension display
beyond the centre region 24 for road or navigational information. In an embodiment, the
driver may be able to interact with the side region 26 display using known interaction
techniques such as gestures, eye tracking, voice control as well as conventional buttons and

dials.

In an embodiment, the side region 26 may be suitable for use by the driver only. Accordingly,
it may have a limited size, or eye-box. In further embodiments, the size of the side region 26
can be enlarged to enable a passenger to view the information presented. The eye-box is
the maximum viewing window available to the driver or passenger to view the information
presented on a display. The eye-box is not a region defined on the windscreen (or indeed
any other display surface), it is rather on or close to the viewing plane where the users’ eyes
are positioned. If a user’s line of sight corresponds to the eye-box, they can see an image on

the directional display region.

Figure 3 is a schematic representation of a vehicle with a passenger 27 and a passenger
region 28 of the HUD highlighted.

In Figure 3 there is shown the apparatus of Figure 1, with the addition of a passenger 27 and

wherein a passenger region 28 is highlighted on the windscreen 12.
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The passenger region 28 is situated in the line-of-sight of the passenger 27 and therefore is
directly in front of where the passenger 27 would be seated in the vehicle 10. The eye-box of
the passenger region 28 is shown as a quadrilateral shape for ease of understanding- as
discussed above, the eye-box is a maximum viewing window on or close to the viewing

plane where the users’ eyes are positioned, and need not be quadrilateral.

The passenger region 28, is located on the passenger side of the windscreen 12. The
passenger region 28, displays information such as infotainment, or entertainment content,
for the passenger only. As described in detail below, in order to minimise driver distraction
the passenger region 28 is configured such that the driver is unable to view the content
displayed therein, or if it is determined that the passenger region 28 is in the foveal vision of
the driver, the passenger region 28 may cease to present such content (as described with

reference to Figure 4).

In an embodiment, the passenger region 28 has a field of view which is larger than 6°x4°.
The field of view may be smaller than the driver peripheral region 32. In further embodiments

the size of the field of view of the passenger region 28 may be smaller than 6°x4°.

The passenger region 28 may display images as well as videos in HD at variable depths. In
an embodiment, the content shown in driver peripheral region 32 may be chosen by the
passenger 27. The content may be able to be loaded from an external device either via
wired means such as HDMI, DP and USB port connections or wirelessly such as screen
mirroring over Wifi-Direct, Wi-Fi, Bluetooth, ZigBee, WLAN. . Such techniques are known in

the art.

Figure 4 is a schematic representation of a vehicle with the driver extended region of the
HUD highlighted. Specifically, Figure 4 shows the apparatus of Figure 1 with a driver 31 and

a driver extended region 30 highlighted on the windscreen 12.

The driver extended region 30 represents a region of the windscreen 12 where the driver is
likely to view for an extended period of time whilst driving. A driver will typically spend most
of their time focussing on the centre region 24 and side region 26. The driver will typically
look briefly away from the centre region 24 and side region 26, for example to look at the
mirrors, and look at the driver extended region 30 when turning the vehicle towards the

driver extended region 30 (in the example in Figure 4 turning the vehicle to the left).
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The driver extended region 30 extends from the edge of the side region 26 to a far end of the
windscreen 12, said far end being opposite the end of the windscreen 12 proximal to the
steering wheel 16. The driver extended region 30 displays essential information to the driver.
The content in the driver extended region 30 may be only viewable by the driver. The field of
view of the driver extended-view region 30 may vary. For example, it may be larger than

6°x4°, and/or may be smaller than the peripheral region 32.

In an embodiment, the driver extended region 30 only displays information to the driver when
required. In particular, the driver extended region 30 will actively show information to the
driver when the driver is looking towards the driver extended region 30 i.e. when the driver's

foveal vision overlaps that of the driver extended region 30.

In an embodiment the driver extended region 30 is selectively turned on when the vehicle is
making a turn towards the far end of the windscreen 12 (determined using steering wheel
yaw data or eye/head tracking data). When the vehicle is turned the driver should look
toward the driver extended region 30 because the physical road is behind it. The physical
movement and emotional change of the driver including the head position and eye direction
as well as body part gesture can be monitored to assist the decision making for visual
feedbacks. In further embodiment eye tracking sensors are used to determine when the
driver is looking at the driver extended region 30 and when it is determined that the driver is

looking at the region 30 the driver extended region 30 is selectively turned on.

Optionally, information from the sensors 37 indicative of tracked physical and physiological
state of the driver is stored and processed using an artificial intelligence unit/system in order
to train the system. For example the artificial intelligence unit/system by be implemented by
using neural networks provision, and/or machine learning/deep learning algorithms. The
artificial intelligence unit/system is configured to process the information in such a manner as
to build up a profile of the behavioural characteristics of the driver in response to various
conditions. This knowledge of the driver's behaviour can include how the driver reacts to
certain situations, and can thus be used to take pre-emptive actions. Moreover the system is
optionally able to identify the driver using the artificial intelligence unit/system. In this
example, the system can identify a driver, identify if a potentially hazardous situation is likely
to occur (for example using data from one or more sensors 37), predict how the driver will
respond to the potentially hazardous situation, and intervene/assist the driver in responding
to the potential hazardous situation depending on the predicted driver response. This
reduces the system delay and help further to the driver and intervene/assist in hazardous

situations, potentially even before they happen as a preventive measure. Furthermore, in

10
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some examples the system processes inputs from further sensors/cameras/internet/GPS of
the vehicle, in order to detect the physical world outside the vehicle (and preferably
detect/identify certain features in the physical outside world) and match the displayed
content. The system can selectively display content for the driver to, for example, warn of a
particular hazard, identify places previously visited, remind the driver of a particular
location/hazard, and suggest places of interest. Hence, the system can provide improved

safety and improved driver awareness of the location.

The driver extended region 30 may be configured to display in high definition of more than 1
arm-min to accommodate the fovea resolution when the driver’s eyes are turned towards this
region. The displayed information may be of full colour at a fixed or variable depth. The

image distance may be greater than 2m away from the driver’s eye.

Figure 5 is a schematic representation of a vehicle with a driver peripheral region 32 of the
HUD highlighted. Specifically, Figure 5 shows the apparatus of Figure 1 and the driver
peripheral region 32 is highlighted on the windscreen 12. There is also shown the driver side

window 34, and the passenger side window 36.

Surrounding the side region 26 is the driver peripheral region 32. The driver peripheral
region 32 may exclude the centre region 24 and preferably the side region 26 as shown in
Figure 2. In an embodiment, the driver peripheral region 32 extends across a large portion of
the windscreen 12, and in further embodiments encompasses the entirety of the windscreen

12 as well as a portion of the driver side window 34 and passenger side window 36.

The driver peripheral region 32, may extend across the entirety of the windscreen 12 but
exclude the centre region 24 and the side region 26. The driver peripheral region 32 may
display further content to the driver such as warning signs for the driver and passenger if
there is a potential hazard. The driver peripheral region 32 preferably displays content such
as warnings, or similar, which is visible to both the driver and the passenger. As the
information is displayed in the driver's peripheral, it can be assimilated by the driver and

reacted upon.

As the driver peripheral region 32 is in the driver's peripheral vision, it is not necessary to
display a high quality colour image and/or an image depth due to the limitations of the
peripheral regions of the eye. Therefore, the content may be displayed at a lower resolution

in the driver peripheral region 32.

11
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Due to the lower resolution of the peripheral vision of a human eye, the driver peripheral
region 32 may utilise simple intuitive stimulations to notify the driver of the potential hazard.
These may include changing colours, intensities, etc. The hazards can include the change of
traffic conditions such as pedestrian crossing, etc. or a blind spot warning. Systems for the

identification of such hazards are known in the art and not described further.

The driver peripheral region 32, extends across the windscreen 12 and is larger than the
side region 26. Both the driver and passenger are able to see the displayed content. As the
content is visible to both the driver and passenger, if the driver misses the warning sign and
did not react, the passenger can remind him. As the driver peripheral region 32 overlaps with
the passenger region 28, when information is presented in the driver peripheral region 32 in
a region which overlaps the passenger region 28 the passenger region 28 is temporarily

disabled with the driver peripheral region 32 taking priority.

As the HUD extends across the windscreen 12, and in some embodiments beyond, as
shown in Figures 1 to 4 the apparatus comprises multiple projection apparatus, with each

projection apparatus configured to cover a portion of the windscreen.

In further embodiments the picture generation units are configured such that the images they
produce are blended so that the regions in which the picture generation units overlap there is
no discontinuity apparent to the end users. In an embodiment two picture generation units
are used each producing real images, which are displayed across two diffusers and reflected

on the HUD to provide a seamless virtual image.

In order to provide a seamless image the allocation of the regions may change in
accordance with the usage scenarios. Whilst the regions in Figures 1 to 4 are shown as
rectangular boxes their size and shape may change according to the usage scenario.
Furthermore, Figures 1 to 4 relate to driving scenarios where the driver is sitting on the right-
hand side of the vehicle 10, so the centre region 24 and the side region 26 are allocated on
the right-hand side of the windscreen 12 and the passenger region 28 is allocated on the
left-hand side of the windscreen. In further embodiments, the driver sits on the left-hand side
and accordingly, the location of the centre/side and passenger regions 24, 26, 28 may be

swapped.

In further embodiments, both people sitting in the front may be drivers of the vehicle 10, such

as in a learning-to-drive scenarios. In such embodiments, the centre and side regions 24, 26

12
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are positioned in front of both sides of the windscreen 12 for both an instructor and learner

driver to be presented with the same information.

In further embodiments, both people sitting in the front may be passengers, such as in the
case of an autonomous vehicle. In such embodiments, passenger regions with infotainment
may be displayed in front of both of the front passengers. The content can be the same for
both passengers to share, or they can be selected by each passenger according to their own
interests. Side and peripheral regions may be merged together and displayed as an

extension of the passenger region.

In further embodiments, the vehicle may comprise a single front seat only. In such
embodiments, the centre region and the side/peripheral regions may be displayed for the
driver. If the single front seat vehicle is autonomous, then the passenger region and
side/peripheral region may be displayed for the passenger infotainment. In embodiments
wherein the vehicle may be operated in both a manual and autonomous mode, wherein a
driver may switch between such modes with a foldable driving wheel for example, the centre
region and passenger region of the HUD can be merged into one centre/passenger region
with the content suitable for either the driver or the passenger in dependence on the current

mode of operation.

In further embodiments the vehicle and system comprise an ambient sensor, and the picture
generation units are configured to adjust the brightness of the images dependent on the

measured ambient light.

Figures 6 shows further embodiments of the invention. The embodiments described with
reference to Figure 6 function in the same manner as described above with reference to
Figures 1 to 5. The reference numerals in these figures refer to the same features as

identified above.

Figure 6 shows an embodiment where the apparatus creates a fully immersive HUD for one

or more users of the vehicle 10.

In addition to the arrangement of the projection units displaying content at different

resolutions as described above there is provided further display regions.

There is shown the side windows 34 36, dashboard display 40, comprising a first dashboard

region 42, a second dashboard region 44 and a shared dashboard region 46.
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The displays are not limited by the depicted drawings. They are just representative examples

and can be further extended (such as the middle console) or can be any suitable shape.

There is further shown pillar displays 48, side mirror displays 50, side door displays 52, and
roof display 54.

Whilst Figure 6 shows the dashboard display 40, pillar displays 48, side mirror displays 50,
side door displays 52, and roof display 54 the skilled person would realise that not all these
displays need be used or present in the vehicle 10 and that any suitable combination of
displays are used in different embodiments (for example a vehicle may comprise solely the
dashboard display 40, or a combination of the pillar displays 48 and side mirror displays 50

etc.).

Furthermore, whilst not shown in Figure 6 the concept in further embodiments in extended
across the entirety of the interior of the vehicle cabin. For example any pillar (for example
central or rear pillar) may have a display, similarly any door and/or window (e.g. rear

passenger door) may have a display. Finally, the rear windscreen may have a display.

As can be seen in Figure 6 each of the regions within the vehicle 10 act as a surface on

which information can be projected, in the above described manner.

The dashboard display 40 is utilised to form flexible or rigid (including curved) dashboard
displays. The dashboard display 40 can be divided into a first dashboard region 42 for the
driver, a second dashboard region 44 for the passenger and a third dashboard region 46
which both the driver and passenger can view the content in the manner described above. In
further embodiments, such as in autonomous cars, the first dashboard region 42 can be for a
first passenger, second dashboard region 44 for a second passenger and third dashboard

region 46 for both front passengers.

Optionally the dashboard display 40 can display objects (as augmented reality) which would
otherwise be blocked by the front car body. In an embodiment the vehicle 10 comprises, in a
known manner, front and rear cameras and the images captured by these cameras are
selectively displayed on the dashboard display 40. Thus the dashboard display 40 acts as a
transparent dashboard. The images are selectively rendered, for example upon driver
request, or when difficult road conditions are identified, or during parking manoeuvre (for

example identified by the selection of the reverse gear).

14



10

15

20

25

30

35

WO 2018/100377 PCT/GB2017/053610

Furthermore the dashboard display 40 can also display interactive content for both front
passengers, either work related or for infotainment purpose, when installed in an

autonomous vehicle and when said vehicle is in self-driving mode.

The side door displays 52 may be a flexible or rigid displays. The side door displays 52, may
also display objects (augmented reality) behind the doors. As with the dashboard display 40,
using cameras associated with the vehicle 10 the side door displays 52 can act like a
transparent/invisible door, by displaying information to the driver/passenger regarding the
environment outside of the door. For example this information is used to inform the users of
the vehicle 10 whether there is sufficient space or if there is a potential hazard before

opening the door.

The vehicle roof display 54 can be a flexible or rigid display. Again using cameras
associated with the vehicle 10 it can display augmented objects that are blocked by the
vehicle roof, as a transparent roof. It acts as an extension of the front windscreen display 12,
showing things that are not displayed fully by the front windscreen display, for example
building names on skyscrapers. The vehicle roof display 54 can also display interactive
contents for passengers, either work related or for infotainment purpose, during self-driving

mode.

The vehicle pillar display 48 can be a flexible or rigid display. It can display augmented
information that are blocked by the pillar, as a transparent pillar. It acts as an extension of
the front windscreen display 12, showing things that are not displayed fully by the front
windscreen display. For example, incoming cars from a side road or a roundabout. It can
also display interactive contents for passengers, either work related or for infotainment

purpose, during self-driving mode.

The side mirrors 50 and side windows 34 36 can act as part of the extended display for the

windscreen 12.

As described with reference to Figure 1 to 4 an aspect of the invention is that the content
rendered on the displays varies in resolution according to the user's line of sight. Along the
users’ line of sight, content is displayed on a display (be it the windscreen 12, dashboard
display 40, side door display 52 etc.) at a high resolution region such that content is seen at
the user's fovea region on the retina at the higher resolution. The surrounding display

region(s) display low resolution images aiming at user’s peripheral vision. In an embodiment
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the pillar displays 48, side mirror displays 50, side door displays 52 and roof displays 54
always display content at a lower resolution as it assumed that the user is looking forward
and that such displays will be in the peripheral regions of the user's vision. In further
embodiments the vehicle 10 comprises known eye tracking means, configured to determine

where the user is looking and adjusts the resolutions of the displays accordingly.

In fully autonomous cars, the displays may be extended and interconnected to form a
seamless multi-dimensional display. Such a display can provide users with a seamless and

fully immersive experience.

A further aspect of the invention is that in autonomous vehicles the standard paradigm for
vehicle seating arrangement can change. Accordingly, in some vehicles passengers can

face any directions they want and accordingly view content on different displays.

As the resolution of the displays can be varied depending on the where the passenger is
viewing (as determined by known eye tracking means) the system may determine the
resolution based on the position of the eyes of the observers. This can result in power
savings as less power is required to render lower resolution images. Thus based on the
observed direction, the resolution for the foveal region(s) can be increased while the

peripheral region(s) can be left at lower resolution.

In further embodiments the system can be interfaced with user control methods such as
eye/head tracking, voice control, lip reading, hand gestures, touch screen and conventional
button presses to allow the user to vary and control the content displayed. Furthermore,
known machine learning algorithms can be embedded in the system in order to improve the

system accuracy.

In a further embodiment the content displayed on the dashboard display 40 may be
personalised according to a user's preference. For example the dashboard display 40 may
display a customised set of icons/ lighting/images etc. In an embodiment each user of the
vehicle is identified (for example via a known login means, or identified via a device, such as
mobile telephone, or tablet computer, which is associated the user) and their customised
display is displayed on the dashboard display 40. In embodiments where the vehicle 10 is an
autonomous vehicle, rental vehicle etc., with multiple users the user's preferences are easily

identified and displayed on the dashboard display 40.

16



10

15

20

25

30

35

WO 2018/100377 PCT/GB2017/053610

The regions described above (the centre, side, passenger, driver-extended, and peripheral
regions) are directional display regions. They refer to the areas/displays where the
corresponding images are reflected and presented to one or more users. Where a user is
looking will define an eye-box, which is defined as the maximum viewing window/surface

available to the user based on their direction of view.

Figure 7 is a schematic representation of a seating arrangement in a vehicle and the display

of content.

The representation in Figure 7 may apply to both a user driven and autonomous driving

scenario.

In Figure 7 there is shown seats 60, 62, 64 and 66. In an embodiment the driver is sat in

seat 62. In a further embodiment the vehicle is autonomous.

For a user sat in seat 62 there is also shown their foveal field of view 68, and peripheral field
of view 72. For a user sat in seat 60 the foveal field of view 70 field of view is shown. For

ease of understanding the peripheral field of view of the user in seat 60 is not shown.

In Figure 7 all the passengers in the vehicle can view the front side of the windscreen 12.
This mode is analogous to watching a movie or playing a game on flat screen in a room or
cinema from a fixed distance. Depending on the content being displayed and without
interfering the safety, rearrangement of the seating can be synchronous to the content being
displayed in order to create an immersive entertainment experience. By using the pillar
displays 48, side door displays 52, roof display 54 a fully immersive experience can be

obtained.

Figure 8 is a further schematic representation of a seating arrangement in a vehicle and the

display of content.

In Figure 8 there is shown a different seating arrangement in an autonomous vehicle
context. There is shown seats 60, 62, 64 and 66 which are arranged in a non-canonical
manner. For a user sat in seat 62 there is also shown their foveal field of view 68, for a user
sat in seat 60 the foveal field of view 70 for a user sat in seat 64 the foveal field of view 74,

and for a user sat in seat 66 the foveal field of view 76,
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In an autonomous driving scenario, all the passengers in the vehicle can view a common
display zone for presentations and discussion as in an office by rearranging the seating
positions accordingly. It is also possible to display different content by viewing different

displays (e.g. the roof display 54 may show different content to the windscreen 12).

Figures 9, 10 and 11 show further embodiments in which the seat arrangement is varied

causing changes in where each user's foveal line of sight region will occur.

Figures 9, 10 and 11 the features and reference numerals of Figure 8 are used to refer to the

same elements.

Figures 9 and 10 show embodiments in which windows and non-transparent portions of the
interior are utilised as the main focus of the users. In Figure 9 the pillar display 48 is within
the foveal line of sight. In Figure 10 the side door display 52 is also within the foveal line of

sight of the users of the vehicle. For ease of understanding not all foveal regions are shown.

In Figure 11 there is shown an embodiment where none of the user's foveal regions overlap.

In such embodiments each user may watch the same or different content.

One or more of the passengers can face inwards (towards the inside of the vehicle) to view

content on an inner surface.

Figure 12 is a further embodiment in which the display is connected with an external device

such as a mobile telephone, tablet computer, laptop etc.

In Figure 12 there is shown a schematic representation of the interior of a vehicle as
described with reference to Figure 1 where the reference numerals correspond to the same
features. There is also shown a mobile telephone 80 having a display showing a first content
82 and a second content 84. The windscreen 12 mirrors the first content 82 and the

dashboard display

Part or entirety of the display of the mobile device, can be mirrored to part or entirety of the
windscreen or the interior of the vehicle. Figure 12 shows first information 82 is displayed on
the first portion of the windscreen 12 and the second information is displayed on the first
portion of the dashboard display 40. The mobile device 80 communicates with the displays

via a wired or wireless connection in a known manner.
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The skilled person would understand that Figure 12 is shown as a representative example
and as such the mirroring of content from an external device can occur in a number of
different manners. For example the system may allow multiple portions of the windows and
interior for mirroring multiple devices. Preferably in the context of the system being in a
driven vehicle (i.e. a non-autonomous vehicle) the display of content from a mobile device 80
can only occur if the content does not distract the driver when the vehicle is controlled by the
driver. The displayed images may be determined automatically by a software and displayed
at relevant locations. It is also possible to make it customizable and users (including
passengers) may determine how to arrange them. The entirety of the car interior and

windows can be used as a shared media for displaying different content at the same time.

In embodiments where the dashboard display 40 is customisable according to user
preference, the connection of the mobile device 80 with the vehicle 10 allows for the
identification of the user (via an association with their mobile device 80). As part of the
process of the connection of the device 80 with the vehicle 10 one or more user preferences
(either stored on the device, or in a memory of the vehicle 10) for the dashboard display 40
(or any other part of the immersive display, side windows, pillars, roof, back windscreen etc.)

are identified and displayed.

As in the previous examples if the content of the mobile telephone 80 is rendered in the

foveal region it is rendered at a higher resolution.

As such, the invention provides an immersive HUD which can extend across a large region

such as a windscreen and passenger and driver side windows.
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CLAIMS
1. An imaging system for generating multi-dimensional images on a screen (12) of a
head-up display, the imaging system comprising:

a first picture generation unit (18) for generating a first multi-dimensional image to be
rendered at a first portion (24) of the screen of the head-up display, said first portion located
at a first location, said first location corresponding to the foveal vision in the line of sight of a
first user (31);

a second picture generation unit (20) for generating a second, different, multi-
dimensional image at a second portion (26) of the screen of the head-up display, said
second portion located at a second, different location corresponding to a peripheral region in
the line of sight of the first user (31);

wherein the first region of the display is configured to display a first content;

wherein the second region of the display is configured to display a second, different,
content, and wherein the first region is rendered at a higher resolution than the second

region.

2. The imaging system of claim 1 wherein the first region is configured to display

content relating to the prevailing conditions of a vehicle (10).

3. The imaging system of any preceding claim wherein the second multi-dimensional
image is located at a second location corresponding to the foveal vision in the line of sight of

a second user (27).

4. The imaging system of claim 3 wherein the first user (31) is a driver of a vehicle and

the second user (27) is a passenger of the vehicle (10).

5. The imaging system of any preceding claim wherein the first picture generation unit

(18) is configured to display the content in the first portion (24) at a high density resolution.

6. The imaging system of any preceding claim wherein the first picture generation unit is
further configured to display a third, different, multi-dimensional image (26) at a third portion
of the head-up display, wherein the third image (26) is located a periphery of the first image
(24).

7. The imaging system of claim 6 wherein the third region (26) is configured to display

infotainment content.
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8. The imaging system of any preceding claim wherein the first (18) and/or second (20)
picture generation unit is configured to display a fourth, different, multi-dimensional image

(30) at a fourth portion of the screen of the head-up display.

9. The system of claim 8 wherein the system is configured to selectively display content
when it is determined that the foveal vision of the first user (31) is at the fourth portion (30) of

the screen of the head-up display.

10. The system of claim 9 wherein the system further comprises a sensor (37) said

sensor configured to track the eyes of the first user (31).

11. The system of claim 10 where the system is configured to determine the location of

the foveal vision of the first user based on the information from the sensor (37).

12. The system of any preceding claim further comprising one or more sensors (37)

configured to track the physical movement of a user.

13. The system of any preceding claim further comprising one or more sensors (37)

configured to track the physiological state of the first user (31).

14. The imaging system of any of claims 3 to 13, when dependent on claim 3, wherein

the second content is multimedia content.

15. The imaging system of claim 14 wherein the system further comprises a sensor (37)
for determining the field of view of a first user (31), and in the event that the field of view of
the first user corresponds to the second location selectively turning off the multimedia

content.

16. The imaging system of any of claims 13 to 15 further comprising an artificial
intelligence processing system, wherein the artificial intelligence processing system is

configured to process data acquired by the sensor so as to learn driver behaviour.
17. The system of any preceding claim wherein one or more of the picture generation

units (18, 20, 22) are configured to display a fifth image at a fifth portion (32) of the screen
(12) of the head-up display.
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18. The system of claim 17 wherein the fifth portion (32) is configured to display

information at a resolution lower which is lower than the resolution of the first region.

19. The system of claims 17 and 18 further comprising one or more further screens (34,
36) of the head-up display and wherein the fifth region is displayed on the one or more

screens.

20. The system of claim 19 wherein the first screen in a windscreen (12) and the further

screens of the head-up display are a driver screen (34) or passenger screen (36).

21. The system of any preceding claim wherein the first (18) and second picture
generation units (20) are configured to determine the overlap between the pictures

generated by the respective units and blend the images.

22. The system of any preceding claim further comprising one or more further picture

generation units (22).

23. The system of any preceding claim further comprising an ambient sensor (37), and
wherein the picture generation units are configured to adjust the brightness of the images

dependent on the measured ambient light.

24. The system of any preceding claim wherein the screen of the head-up display is the

windscreen of the vehicle.

25. The system of claim 24 wherein the head-up display comprises one or more further

screens.
26. The system of claim 25 wherein the one or more further screens are located at one
or more of. a dashboard of the vehicle. a side pillar, a side window, a side door, a side

mirror, a roof and back windscreen of a vehicle.

27. The system of claim 25 or 26 wherein the system is configured to enable a user to

customise content displayed on one or more further screens.

28. A method for generating multi-dimensional images on a screen (12) of a head-up

display, the method comprising:
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generating a first multi-dimensional image at a first picture generation unit (18) said
image to be rendered at a first portion (24) of the screen of the head-up display, said first
portion located at a first location, said first location corresponding to the foveal vision in the
line of sight of a first user (31);

generating a second, different, multi-dimensional image a second picture generation
unit (20) said image to be rendered at a second portion (26) of the screen of the head-up
display, said second portion located at a second, different location corresponding to a
peripheral region in the line of sight of the first user (31);

wherein the first region of the display is configured to display a first content;

wherein the second region of the display is configured to display a second, different,
content, and wherein the first region is rendered at a higher resolution than the second

region.
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