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S (57) Abstract: One aspect of this invention relates to a system (15) for enhancing video images. In this aspect the system com-

prises: a map (29) of a scene (1), the map (29) including one or more elements (31), (33), (35) representative of three-dimensional
topographical characteristics of the scene (1); a video camera (37) for generating a video signal of said scene; and a control unit (27)

I provided with instructions for adapting a video image of a scene in accordance with a topographical map of the scene to enhance said
& video image to accentuate the three dimensional topographical characteristics of the scene defined in said map, the control unit (27)
o0 being configured to adapt said video signal in accordance with said instructions to accentuate at least those portions of said video
& image which correspond to said three-dimensional topographical characteristics in said map to thereby generate an output video
('?] image in which said three-dimensional characteristics may more easily be appreciated by a viewer.
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SYSTEM FOR ENHANCING VIDEO SIGNALS

FIELD OF THE INVENTION

This invention relates to systems for enhancing video signals. A particularly preferred
embodiment of the present invention relates to a system that is operable to enhance a video
signal for broadcast, for example by means of a terrestrial or satellite television system.

BACKGROUND TO THE INVENTION

Visual images which are presented to a viewer by means of a television, a monitor or

other visual equipment tend to be two-dimensional facsimiles of what is, in most instances, a
three dimensional scene. ‘

Whilst this is not too much of problem for viewers watching television programmes
such as light entertainment programmes, the lack of a third dimension can be a serious
problem when viewing scenes involving a number of elements that are moving in different
directions to one another. »

Another related problem is that viewing two-dimensional representations of certain
scenes can cause three-dimensional information, such as surface topography for example, to
be difficult for the viewer to ascertain or in some instances for that topographical information to
be lost altogether. , '

Sporting events often provide good illustrative examples of these problems. For
example, a viewer presented with a wide angle shot of a footballer kicking a football through
the air in the course of a football match can find it hard to appreciate in exactly what direction
the football is moving at any given point in time. Only when the ball is close to another player
on the pitch can the viewer readily determine in which direction the ball is travelling.

Whilst this phenomenon tends not detract to a large degree from the enjoyment gained
by the viewer watching a game such as football (where the ball tends to spend a relatively
large amount of time in relative close proximity to the ground or another player), in games like
rugby it can be sorely frustrating as when the ball is punted, for example, it is only possible to
determine where it is going to land by looking at the reactions of the players — in particular
players who are expecting to receive the ball. In circumstances where the ball is punted
beyond the players, as often occurs in the course of a game of rugby, it is very difficult for the
viewer to appreciate what the trajectory of the ball actually is.

A good illustration of this problem occurs when a kicker attempts a conversion, and the
camera relays to the user a view from behind the posts. [n such circumstances it is relatively
easy for the viewer to ascertain where the ball is travelling if the ball is kicked high over the
cross-bar and roughly in-between the uprights. However, where the ball is close to the
uprights or close to the crossbar it is very difficult to determine whether the ball has travelled
over or below the crossbar, or between the posts or outside the posts. '
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This problem can also occur when viewing golf. In the-'game of golf it is often the case
that greens, over which balls are putted, are designed to have undulating surfaces so as to
pose a challenge to the player trying to putt the ball in the hole. However, for a viewer looking
at a two-dimensional representation of the green on a television screen, it is very difficult for
the viewer to get an appreciation of the magnitude of the challenge faced by the player until
the ball has been struck and is travelling over the green. Even then it can be difficult for the
user to ascertain just exactly why it was that the ball moved in a certain direction at a
particular point during execution of the stroke. Similarly, when a player drives from the tee, it
is difficult for the viewer watching the ball as it moves down the fairway to ascertain in which
direction the ball is moving in flight, and whether it is on or off target.

Problems of this ilk are not new, and attempts to avoid such problems have been
made in the past.

For example, it has previously been proposed — particularly in the context of motion
pictures - to use stereoscopic imagery to provide a viewer with the impression that the image
they are viewing is in three dimensions. In one technique, two images are projected
superimposed onto the same screen through circular polarizing filters of opposite
handedness. The viewer wears a pair of eyeglasses which contain a pair of analysing filters
(circular polarisers mounted in reverse) of opposite handedness. Light that is left-circularly
polarized is extinguished by the right-handed analyzer; while right-circularly polarized light is
extinguished by the left-handed analyzer. The viewer sees different images with his or her
two eyes, and differences between those images give the user the impression of seeing in
three dimensions.

Another technique is to display two-colour anaglyph images that are viewed by a user
whilst wearing a pair of glasses that are provided with a red filter for one eye, and a cyan filter
for the other. The images are offset from one another, and the filters ensure that only one of
the two images is viewed at each eye so that differences between the two images give the
user the impression of the image being rendered in three dimensions.

More recently, in 2002, Sharp Corporation (a steering member of a consortium
consisting of a large number of companies working to develop 3D applications and
equipment) has developed an LCD television/monitor that is capable of generating a 3D
image for viewing by users. The Sharp LCD display creates a so-called “autostereoscopic
image” defined as a stereoscopic image that is viewable by a user without the user having to
wear a set of specially designed glasses. As before, the LCD concurrently displays two
images, but in this instance the display includes a parallax barrier which can be energized to
ensure that each eye only sees one of these images. The parallax barrier comprises a series
of vertical slots that are carefully designed to block parts of the overall image to thereby
enable the eyes of a user to separately see each of the displayed images.
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Whilst each of these previously proposed arrangements does enable the user to see a
3D image, they each have their own associated drawbacks. For example, the requirement for
a user to wear special glasses is inconvenient for the user, and for a broadcast system the
need to simultaneously display two offset images is complex and processing intensive. The
Sharp LCD is a better solution in that it does not require the user to wear special glasses, but
it would necessarily require viewers to purchase expensive items of new equipment and would
still require complex changes to images being broadcast.

It would be advantageous, therefore, if a system could be devised whereby video
signals can enhanced to enable a viewer to more easily appreciate three-dimensional
characteristics of a scene being viewed.

STATEMENT OF THE INVENTION

To this end, one presently preferred embodiment of the present invention provides a

system for enhancing video images, the system comprising: a map of a scene, the map
including one or more elements representative of three-dimensional topographical
characteristics of the scene; a video camera for generating a video signal of said scene; and a
control unit provided with instructions for adapting a video image of a scene in accordance
with a topographical map of the scene to enhance said video image to accentuate three
dimensional topographical characteristics of the scene defined in said map, the control unit
being configured to adapt said video signal in accordance with said instructions to accentuate
at least those portions of said video image which correspond to said three-dimensional
topographical characteristics in said map to thereby generate an output video image in which
said three-dimensional characteristics may more easily be appreciated by a viewer.

By virtue of this arrangement it is possible to generate an output video signal in which
the three-dimensional characteristics of the scene have been enhanced, thereby enabling a
viewer of the output signal more easily to appreciate those three dimensional characteristics
of the scene. Advantageously, the viewer does not need to purchase any special equipment
to view this enhanced image, nor do they need to wear special 3D glasses to appreciate the
topographical characteristics of the scene.

The system of this embodiment may further comprise a scanner that is configured to
scan the scene to generate said map. The scanner may comprise a LiDAR or RADAR
scanner, or any other scanner that is operable to provide output data indicative of three-
dimensional topographical features of the scene.

Another presently preferred embodiment of the present invention provides a system for
enhancing video images, the system comprising: a video camera for generating a video signal
of an object moving through a scene; a scanner configured to generate a signal representative
of the position of said object with respect.to a predetermined position fixed relative to said
scene; and a processor configured to adapt said video signal in dependence upon said
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position signal to generate an enhanced video output signal for viewing by a viewer.

In one embodiment the enhanced signal indicates to the viewer the position of said
object relative to scene as the object moves therethrough. In another embodiment, the
enhanced signal indicates to the viewer the trajectory of the object as the object moves
through the scene.

In either case the system may be configured to enhance said image to indicate a
future position for the object as it moves through the scene.

In one embodiment the scanner may comprise a LiDAR or RADAR scanner configured
to scan the scene. In another arrangement the scanner may comprise an auto-focus module
of the video camera.

Other aspects of the present invention, and preferred features and advantages thereof,
will be apparent from the accompanying claims and the foliowing detailed description of
preferred embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Various preferred embodiments of the present invention will now be described, by way
of illustrative example only, with reference to the accompanying drawings, in which:

Fig. 1 is a schematic representation of a golf green;

Fig. 2 is a cross-sectional representation of the green depicted in Fig. 1;

Fig. 3 is a schematic representation of the green as it might appear in a conventional
video image;

Fig. 4 is a schematic representation of a system according to a first embodiment of the
present invention;

Fig. 5 is a schematic representation of an illustrative topographical map for the green
depicted in Fig. 1; |

Fig. 6 is a schematic representation of a pixel-by-pixel frame processing method;

Figs. 7a and 7b are schematic representation of an illustrative block-by-block frame
processing method,;

Fig. 8 is a schematic representation of a process for aligning a map and a video frame;

Fig. 9 is a schematic representation of an alternative means for creation of a
topographical map;

Fig. 10 is a schematic illustration of a control unit for use with the system described:;

Fig. 11 is an aerial view of a golf hole;

Fig. 12 is a schematic representation of a diagram depicting different horizontal
trajectory zones for a golf ball;

Fig. 13 is a schematic representation of a system for enhancing video images in
accordance with a second embodiment of the invention;

Fig. 14 is a flow chart depicting an illustrative mode of operation of the system
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depicted in Fig. 13;

Fig. 15 is a schematic representation of a diagram depicting different vertical
trajectory zones for a golf ball; and

Fig. 16 is a flow chart depicting another illustrative mode of operation of the system
depicted in Fig. 13.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Various presently preferred embodiments of the present invention will now be

described with particular reference to a viewer watching a game of golf on a television.
However, it will be appreciated, and should be noted, that the teachings of the present
invention are not limited solely to watching golf, nor are they limited to broadcast television
systems. The following detailed description should therefore be read as being merely
illustrative of the teachings of the invention, and not as limiting the scope of the invention.

Referring now to Fig. 1, there is shown a schematic representation of a golf green 1
that includes a pin 3 (flag) inserted into a hole 5 into which a piayer (not shown) will try to putt
aball 7. The green is shown as it would be seen by a player and includes, in this instance, an
incline 9 between the ball and the hole, and the green also falls away (from the point of view
of the depicted position of the ball) towards the rear 11 and the front 13 of the green.

Fig. 2 is a cross-sectional view of the green along a line A—A (shown in Fig. 1) joining
the ball 7 and the pin 3. As is clearly illustrated in Fig. 2, for the player to successfully putt
the ball into the hole, they must hit the ball sufficiently hard for it to get up the incline 9, but not
so hard that it overshoots the hole 5 and rolls off the back 11 of the green. Furthermore,
because the player has to hit the ball across the face of (i.e. at an angle to) the incline 9, they
may have to aim slightly to one side of the pin to allow for the trajectory of the ball to curve
slightly as it traverses the incline.

Fig. 3 is a schematic representation of the same golf green 1 as viewed by someone
watching the game on a television. As shown in Fig. 3, the green 1 displayed to the viewer is
without any topographical information, and as such the shot required of the player being
watched by the viewer looks to be a relatively simple one. In particular, the viewer has no
appreciation of the fact that there is an incline between the ball and the pin and a drop-away
on the other side of the pin. The viewer also has no appreciation of the fact that the ball will
be traversing the incline and hence needs to be aimed to one side of the pin. This lack of
appreciation seriously detracts from the viewer's enjoyment of the game they are watching, as
many putts tend to look a lot easier to play than they actually are in reality, and hence the
viewer tends to put a failed putt down to a lack of skill on the part of the player rather than to
the complexity of the shot required.

Fig. 4 is a schematic representation of the components of a system 15 in accordance
with a preferred embodiment of the present invention.
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As shown in Fig. 4, the system 15 comprises a 3D scanner 17, such as a laser
(LIDAR) or radar scanner (the like of which is well known in the art), that is operable to
generate topographical map data of a scene of interest, in this instance a green on a golf
course. lllustrative laser scanners are the Riegl LMS range of laser scanners (see:
www.riegl.co.at), for example the LMS-Z210ii or LPM-i800HA LiDAR scanners. The scanner
17 includes a direction data output 19 and a topographical data output 21, and these outputs
are connected to respective inputs 23, 25 of a control unit 27. The direction data output may
comprise, for example, azimuth data defining the angular distance in the horizontal plane

between the direction that the scanner is currently pointing in and a reference direction.

The scanner may be a permanent component of the system, or in an alternative
arrangement the scanner may only be deployed to capture a 3D scan of the area of interest,
following which the system may be operated without a scanner being present and in
accordance with the topographical map previously generated from the data output by the
scanner. |

The system 15 further comprises a video camera 37 (for example a broadcast quality
CCD RGB camera) mounted on a gyro unit 39 that is supported by a tripod 41. The gyro unit
39 functions to provide positional information regarding the direction in which the camera is
pointing, and this information is input to a camera position data input 43 of the control unit 27.
The camera 37 includes a video signal output 45 through which a video signal is outputted to
a video signal input 47 of the control unit 27, and a data output 49 through which a data signal
(for example, relating to control information regarding the video signal) is outputted to a data
signal input 51.

The control unit 27 has a map output 53 through which a signal providing a visual
indication of the topographical map may be output to a monitor 54. The control unit 27 also
has a video output 55 through which the video signal (alone) from the video camera may be
output to the monitor 54, and a combination signal output 57 through which an enhanced
video signal (consisting of a version of the video signal that has been enhanced in accordance
with the topographical map to accentuate three-dimensional characteristics of the green) is
output to the monitor 54. Further outputs 59, 61 are provided for transmitting the video and
combination signal to a remote editing suite for editing and subsequent broadcast. In a
particularly preferred arrangement, the video signal output from the control unit 27 is time-
delayed to allow sufficient time for processing of the combination image signal and thereby
enable the unadulterated and enhanced video signals to be received at the monitor 54 and
elsewhere in a time synchronised fashion.

The control unit 27 receives topographical data from the scanner and interprets that
data to define a topographical map which identifies three-dimensional features of the scene
being scanned. If the location of the scanner is the same as that of the video camera 37 (for
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example, if the scanner is mounted on the camera) and the scanner and camera have the
same field of view, then the orientation of the map need not be adjusted and the map can be
used in the manner later described to enhance video images. If, however, the camera and
scanner are at different locations, or if the camera is to have an adjustable field of view (for
example a zoom mode) then the control unit will need to orientate the map with respect to the
position of the camera so that the view of the green afforded by the map is the same as that
afforded by the camera. One way in which this map orientation is accomplished will later be
described in detail. However, for the purposes of the following description of the manner in
which the control unit operates to enhance the video image, the position of the scanner and
camera will be assumed to be identical (as may occur if the scanner and camera are
integrated into one unit) and the two components will be assumed to have identical fields of
view.,

in a preferred embodiment of the present invention the control unit 27 may comprise a
portable computing resource (such as a laptop computer) configured, infer alia, to execute
software for interpreting topographical data to define a topographical map of the type
described above. The topographical map may include all of the topographical information for
the green (i.e. relatively level regions of the green as well as increases and decreases in the
surface height of the green), or in a preferred embodiment the topographical information may
be further processed so that the map includes only those elements of topographical
significance, for example regions where the green includes a local increase or decrease in
surface height. This enhancement is preferred for the simple reason that subsequent
processing of a video image of the green (o enhance the image to accentuate three-
dimensional elements of the green for the viewer) is greatly simplified as that processing need
only be undertaken for those regions of the image which correspond to a region of the map
that includes a three-dimensional element.

Fig. 5 is a schematic representation of a topographical map generated in accordance
with this preferred embodiment. As depicted, the map 29 includes a first element 31
corresponding to the incline at the front 11 of the green, a second element 33 corresponding
to the incline between the ball 7 and the hole 5, and a third element 35 corresponding to the
fall-away at the rear 13 of the green. The green outline is shown in dotted lines for illustration
and may or may not form part of the map. For each of these elements, the control unit is
operable to determine the type of element detected (for example an increase or decrease in
surface height) and to select from associated storage the appropriate enhancement to be
applied to the image so as to accentuate the three-dimensional formations in the video image
that is viewed by the viewer.

In one embodiment the control unit may be configured to implement a pixel-by-pixel
analysis of each frame of the video signal from the video camera. Specifically, the control
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unit may be configured to process successive pixels of a frame of the video image signal from
the camera and determine from the map whether those pixels correspond to a region of the
scene in which a three-dimensional formation is located. If the control unit determines that the
pixels do correspond to a region in which a three-dimensional formation is located, the control
unit determines from the map the type of formation and retrieves from storage the appropriate
enhancement to be applied to that pixel. The control unit then applies the appropriate
enhancement to the pixel and outputs the enhanced pixel to a temporary store for pixels of a
given frame, before outputting the enhanced frame once all the pixels in that frame have been
analysed. Pixels that do not require enhancement are passed directly to the temporary store.

In a modification of this arrangement that is highly preferred for reducing the
processing required, the control unit is configured to first undertake a coarse block-by-block
scan -of an input frame of the video signal, following which the control unit undertakes a pixel-
by-pixel analysis of only those blocks of the frame which are identified in the map as including
at least a part of a three-dimensional formation.

For an arrangement where the camera and scanner have a fixed positional
relationship and share the same field of view, the abovementioned process need only be
completed once (although it would be prudent to check the alignment of scanned map and
video image every so often). For circumstances where the camera and scanner are located at
different positions and/or have different fields of view, the alignment of map and image needs
to be checked for each frame of the video image before that frame is processed to enhance
the pixels therein. Positional data from the camera and scanner allow the control unit to
compare the direction of the map's field of view and the direction of the camera'’s field of view,
and adjust the orientation of the map (for example by rotating the map) so that the direction of
the field of view of the map matches that of the particular frame of the video signal being
processed. For changes in the camera’s field of view (occasioned for example by a zoom of
the camera), video data output from the camera indicating the change in field of view is
received by the control unit, and the map is enlarged or reduced in scale to in accordance with
the video data received by the control unit.

Fig. 6 is a schematic representation of the process whereby frames of an input signal
may be processed pixel-by-pixel, and Figs. 7a and 7b are schematic representation of the
process whereby frames of an input signal may be subjected to a coarse scan following which
only those blocks of the frame which contain three dimensional features are further processed
pixel-by-pixel. Fig. 8 is a schematic representation of the process by which the control unit
compares the relative directions and/or content of the camera and scanner fields of view for a
given frame, and adjusts the map so that it matches the field of view of the camera.

In the abovementioned embodiment, the scanner is capable of generating a 3D scan
of the scene of interest from a single scan. It is conceivable, however, that the system may
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instead be implemented with a surface scanning device that is not able to directly output data
that is representative of a 3D surface.

Fig. 9 is a schematic representation of such a system in use. In operation of such a
system, the scene is provided with a number of positional markers 63 which are each at a
known position and act as reference points for each scan that is undertaken with the scanner
17. The positional markers 63 may comprise prominent features of the scene (such as a tree
or part of a grandstand) and/or signal reflectors (for example laser reflectors) at spaced
locations around the periphery of the scene for which a map is to be generated. These
reflectors are of course removed before the scene is filmed with the video camera.

In operation of such a system to generate a 3D scan, the scanner 17 is located at a
first known position “A” and is operated to scan the scene to generate data regarding the
topography of the green. The scanner 17 is then moved to a second known position “B,
preferably at 90 or 120 degrees to the first position “A”, and a second scan is undertaken to
generate a second set of topographical data that is angularly offset from the first by an amount
corresponding to the change in angular position of the scanner for the first and second scans.
Each scan includes data from the positional markers, and as such the control unit can align
the two scans and subsequently superimpose them to provide a quasi three-dimensional view
of the scene being scanned.

In this configuration it is assumed that the video camera 37 used to capture video
images of the scene will be located at or between points the aforementioned first and second
scan positions. If, in fact, the camera may be located outside of these positions, for example
at position “C”, then a third scan may need to be taken from a third known position “D” and
overlaid with the first and second scans. If the camera needs to be free to move about the
periphery of the green, then four scans may be taken ~ each offset from neighbouring scans.
In Fig. 9, the scanner is shown in ghost at illustrative known positions from which a third and
fourth scan might be taken.

In an alternative arrangement, the aforementioned known positions may be defined
with respect to a common direction, for example north. In this way, scans generated at each
of said positions may be aligned so that they are similarly orientated and can be combined to
provide a three-dimensional view of the scene.

In the aforementioned embodiments, the enhancement to be applied to regions of
topographical interest in the scene may be applied to individual pixels, or to groups of pixels.
The enhancements could comprise, in a particularly preferred arrangement, a gradual shading
applied to pixels of the 3D feature in question to give the viewer the impression that the
surface of the green is not level at that point on the green. Such shading is routinely used by
artists to give perspective to two-dimensional images of three-dimensional subjects, and
similar techniques can be employed here. The process may be automated so that the control
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unit is configured to sample the colour of a given pixel or block in which a three dimensional
feature is determined by the map to occur and, starting from the colour of the sample, to
lighten or darken that sampled colour (and if necessary sampled colours of neighbouring
pixels or blocks) in accordance with the 3D feature type determined by the control unit from
the map. Thus, for an incline the sampled original colour may be enhanced by darkening the
original colour at the base of the incline and gradually decreasing the degree of applied
darkening towards the top of the incline so that pixels at the top of the incline have
substantially the same colour as the originaily sampled pixel.

In an alternative arrangement, the control unit may be configured to enhance the video
image by applying contour lines to regions of the image that are determined by the map to
correspond to 3D features. In such an arrangement, as with contour lines traditionally used
on maps, the spacing of the contour lines across the 3D feature would give the viewer an
appreciation of the type of 3D feature that they are looking at.

The aforementioned control unit may, in one particularly preferred embodiment,
comprise a laptop computer configured to execute software to implement the functionality
described above. In general terms, however, the control unit may be as illustrated in Fig. 10.

Referring now to Fig. 10, the control unit 27 comprises the abovementioned data input
interfaces (at least), namely: the topographical data input 25, the scanner direction data input
23, the video data input 51, the video signal input 47, and the camera position data input 43.

These inputs are coupled, via an input/output interface 67 to a data bus 69 that is
coupled to a processor 71, a data store 73 (such as a hard disk or array of hard disks),
random access memory (RAM) 75 and read only memory 77. A second input/output interface
79 couples the bus 69 to the aforementioned map output interface 53, the video signal output
interface 55 and the combination signal output interface 57. The control unit 57 further
comprises a power supply unit 81 and on/off switch 82, which in this embodiment comprises a
transformer configured to convert mains power from a power input 83 into a suitable voltage
for the remaining components of the control unit. As an alternative to a mains power supply,
the power supply unit 81 may instead comprise a battery.

It will be appreciated from the foregoing, that the system described enables a viewer to
better appreciate the topographical features of, in this case, a golf green, and thereby better
enables the user to appreciate the difficulty of a given putt. It will also be appreciated that the
particular embodiments described above may be modified without departing from the scope of
the invention as defined by the claims. For example, the teachings of the present invention
are not limited solely to viewing golf but may be useful in many other circumstances.

As mentioned previously, another problem to be addressed concerns improving the
extent to which a viewer can appreciate the trajectory of an object moving through a two-

dimensional scene. The following embodiments describe various ways in which this particular
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problem may be addressed, and one preferred embodiment will again be described with
particular reference to a viewer watching a game of golf on a television — however it should
again be stressed that this application is only illustrative, and that the teachings of the
invention may otherwise be applied. '

Referring now to Fig 11, there is shown an aerial view of an illustrative par four hole on
a golf course. The hole comprises a tee region 85 from which a player drives their ball, a
fairway region 87, a green 89 that includes a pin (hole) 91, and several hazards 93 (in this
instance, trees). A player playing this hole will seek to drive their ball from the tee 85 towards
the green 89 so that the ball lands in the fairway 87, avoids the hazards 93, and is in a good
position for chipping to the green 89. For any given hole, there is a notional ideal trajectory for
the ball (indicated in Fig. 12 by the dashed line 95), and if thevplayer should manage to hit the
ball along or close to that trajectory, then the ball should end up in a good position for the
player’s next shot.

Whilst it is relatively easy for a player on the course to determine whether a given shot
is following the aforementioned ideal trajectory, it is often very difficult for a television viewer
(and indeed for commentators commentating on the game) to determine whether the ball is on
course, or veering to one side of the fairway. Often the only wéy that a viewer can tell how
well the ball has been hit by the player is for the viewer to watch the reaction of the player and
any spectators once the shot has been played.

To address this problem this embodiment provides a system as depicted in Fig. 13.
The system comprises a scanner 97, such as a LIDAR or RADAR scanner, that is placed (as
shown in Fig. 11) so as to have a clear view of the ball in flight. For example, the scanner
may be located behind the tee region 85 and arranged to have a field of view which
encompasses at least the tee region 85 and fairway 87.

As is well known in the art, such scanners are operable to sense the position of objects
within the scanner’s field of view, and as a consequence such scanners can be used in
systems for tracking objects moving through the field of view. In particular, systems
employing such scanners can be configured to track the position with respect to time (and
hence the trajectory) of an object moving through the field of view, and hence can be used to
track a ball that has been struck by a player and is moving through the scanner’s field of view.

Data representing the position of objects within the scanner’s field of view is output to
a control unit 89 which receives the data on input 101. The control unit 99 includes a
processor 103 that is operable to process the data, in a known way, to identify objects that are
moving within the field of view — for example a golif ball moving through the field of view.

The processor 103 is coupled to the data input 101 via a data bus 105 and a first
input/output interface 107. The control unit 99 further comprises a data store 109, random
access memory (RAM) 111, and read only memory (ROM) 113. The processor is also
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coupled, again via the input/output interface 107 to a video signal input 115 which is
configured to receive a video signal from a video camera 117 that has been arranged to
capture video images of the hole being played. "

The data store 109 includes a user specified map for the hole being played, and an
illustrative example of such a map is depicted schematically in Fig. 12. In this instance, for
simplicity, it is assumed that the viewer need only know whether and/or to what extent the ball
is moving away from the notional ideal trajectory in a horizontal plane. To this end the map
provides a plan-view of the hole which identifies an ideal trajectory 95, and “safe” regions 125,
127 to either side of the ideal trajectory which relate to ball trajectories which, whilst not being
ideal, would nevertheless be considered to be an acceptable shot if a ball were to be hit into
them. First “off-target” regions 129, 131 are defined as being zones between the limit of
respective safe regions 125, 127 and first notional lines 133, 135; second “off target” regions
137, 139 are defined as being zones between respective first notional lines 133, 135 and
second notional lines 141, 143 yet further from the ideal trajectory 95, and third “off target”
regions 145, 147 are defined as being zones beyond respective second notional lines 141,
143. As will later be described, in another embodiment both the position of the ball in a
horizontal plane and the position of the ball in a vertical plane may be tracked.

The processor 103 is configured, for a given hole, to retrieve the appropriate map from
the data store 109, and in subsequent processing steps the processor is operable to
determine from position data input from the scanner the position of the ball with respect to the
map, and hence whether the ball is in the aforementioned safe zone or one of the off-target
regions. Following this determination, the processor is operable to retrieve the appropriate
enhancement to indicate to the user whether and/or the extent to which a given shot is off-
target.

Fig. 14 is a schematic representation of this process. In a first step the processor
retrieves, from the data store 109, the map for the hole. In a second step the processor
receives a frame of video data and acquires data from the scanner which can be processed to
identify the position (with respect to the scanner) of an object (for example a ball) moving
within the scanner’s field of view.

Using the processed data from the scanner, the processor is configured to plot the
position of the ball (for that particular frame) on the map, and following this to determine in the
first instance whether the ball is determined to be in the aforementioned safe zone. If the ball
is determined to be in the safe zone, and hence on-target, the frame of video data for which
the position of the ball has been determined may be output without enhancement, following
which the next frame of video data is processed.

If the ball is determined to be outside of the aforementioned safe zone, the processor
is configured to determine in which zone (for that frame) the ball currently lies, and to retrieve
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from the data store 109 the appropriate enhancement to be applied to the image of the ball to
communicate this positional information to the viewer. '

In this particular example, the processor then processes the input frame of video data
to identify the location of the ball. Processing of this type is conventional and may comprise,
for example, a pattern matching algorithm that is configured to look at pixels of the video
frame to identify a group of pixels that is attributable to the ball in the field of view. Once the
position of the ball in the image has been identified, the processor then applies the selected
enhancement to the image of the ball and outputs the enhanced video frame from the control
unit via a second input/output interface 119 and an enhanced video frame output 121.

The control unit further comprises a second output 123 by means of which an
unadulterated video signal may be output, and by virtue of this arrangement a user of the
system can choose whether an enhanced or a conventional video signal is to be output from
the system. Alternatively, the user of the system may opt to output, for example by way of a
broadcast, both signals and leave other users to decide which of the two signal outputs they
wish to view. In an envisaged implementation the enhanced image may be broadcast as a
channel to which a user can switch (for example by pressing a button on their remote control)
should they wish to watch the enhanced signal. |

As mentioned above, the processor may be configured to determine deviations from
the ideal trajectory in a horizontal plane, a vertical plane, or indeed in both planes using
essentially the same process as that outlined above, but with a different map.

Fig. 15 is a schematic representation of a map that is configured to indicate the
position of an dbject (in this instance a ball) in a vertical plane of the field of view, and whether
the object is on or off-target. As before the map comprises an ideal trajectory 149 which lies
within a safe-zone 151 that is delimited by first and second boundaries 153, 155. A first off-
target zone 157 is defined as being a zone delimited by said first boundary 153 and a third
boundary 159, and a second off-target zone 161 is defined as being a zone delimited (at it's
upper extent) by said third boundary 158.

As before, balls travelling within the safe zone have trajectories which, whilst not being
ideal, would nevertheless be considered to be an acceptable shot. Balls travelling in the first
off-target zone are likely to fall short of the region of the fairway in which balls are best placed
for the next shot — in this instance - to the green, and balls travelling in the second off-target
zone are likely to fall even further short of the region of the fairway best placed for the next
shot to the green. Balls travelling in the first and second regions may, for example, have been
hit with insufficient power to carry them to the ideal zone for reaching the green with the next
shot, aiternatively or additionally the player may have mis-hit the ball off the tee or chosen a
club whose face is excessively angled (to generate too much lift) for the shot to be played.

As mentioned above, the system may be configured at the user’s option to apply only
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those enhancements relating to horizontal positioning of the ball, only those relating to vertical
positioning of the ball, or to apply enhancements relating to both horizontal and vertical
positioning of the ball. Fig. 16 illustrates a process by means of which a user is provided with
the option of choosing which mode of operation they desire. As indicated in Fig. 16, a user
can opt only to enhance the image to show the horizontal position of the ball, to only show the
vertical position of the ball, or to show both the horizontal and vertical positions of the ball.

An advantage of the foregoing embodiment is that enhancement of the image is
entirely independent of the position of the camera. Specifically, the enhancement to be
applied to a video image of the hole can be chosen irrespective of the position of the camera
with respect to the scanner.

As with the previous embodiment, the enhancement to be applied may comprise a
colour change of the portion of the image afttributable to the object moving through the
scanner’s field of view, or the image may be supplemented for example by adding a tail or
arrow to indicate the direction in which the object is moving. In the particular embodiment
described above, images of objects that are “on-target”, that is to say objects which have a
trajectory within the safe zone, are not embellished. However, in an alternative arrangement
the image of the moving object may always be embeliished. For example, objects moving
within the safe zone may be coloured green, whereas objects moving within the first off-target
zone may be coloured yellow, and objects moving within the second off-target zone may be
coloured red.

in another embodiment, certain advantages of the invention may be enjoyed by means
of a video camera with auto-focus functionality. In this embodiment, the auto-focus
component of the camera is configured (in a known manner) to output a signal indicative of
adjustments to the focal length of the camera that need be undertaken to properly focus on an
object in the camera’s field of view. As well as providing an indication of the degree to which
the focal length must be varied, these signals inherently provide an indication of the distance
between the camera and the object being viewed.

It is possible, therefore, by processing these signals to provide a system whereby an
indication of the trajectory of an object moving within the cameré’s field of view (and on which
the camera is focussing) may be provided. '

To implement this functionality, the system comprises a video camera that is equipped
with an auto-focus module which is operable to generate a focussing signal indicating to the
camera the extent to which the camera’s focal length should be adjusted to focus on an object
within the camera’s field of view.

In this embodiment the focussing signal is also output from the auto-focus module to a
control unit which comprises a processor. The processor is configured to calculate, based on

the focussing signal received from the auto-focus module of the camera, the distance between
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the camera and the object in the camera’s field of view.

if the position of the camera with respect to a fixed feature of the field of view (such as
the try-line or touch-line of a rugby pitch or the goal line or touch line of a football pitch) is
known, then the camera can compare the calculated distance between the object and the
camera to the distance between the camera and the fixed feature, and provide an indication to
the viewer of the location of the object in the field of view in relation to the fixed feature.

In a preferred implementation the processor is configured to provide a visual indication
of the position of the object with respect to the fixed feature to the viewer, and to this end the
control unit receives a video signal from the video camera and is configured to enhance that
video signal to provide an indication of whether the object in the field of view is closer than to
the camera than the fixed feature. In a preferred arrangement the processor is configured to
enhance the video image to change the colour of the object when the distance between the
object and the camera is less than the distance between the camera and the fixed feature.

By virtue of this arrangement, with a camera located a known distance behind the goal
(and hence the goal line) on a football pitch for example, it is possible to provide the user with
a visual indication of whether a ball travelling towards the goal has actually crossed the goal
line.

It will be appreciated from the foregoing that the embodiments described above
provide an effective means for enabling a viewer to more easily appreciate the trajectory of an
object moving through a given field of view.

As with the earlier embodiment, many modifications and alterations may be made to
the scope of the present invention without departing from the claims. For example, as an
alternative or in addition to a visual depiction, the system could be arranged to produce
audible tones which vary in accordance with the object’s deviation from the ideal trajectory.

In another modification, the maps depicted in Figs. 12 and 15 may be adapted to
include hazards lying in the fairway, which hazards should be avoided if the player's ball is to
land in a good location for their next shot. In this modification, the enhancement provided to a
viewer may also include an indication of whether or not the ball moving through the scanner's
field of view is likely to land in one of these hazards.

In general terms the teachings of the invention outlined above may also be used to
provide the viewer with a prediction of where a ball is likely to land once that ball has been
struck by a player. For example, using the maps depicted in Figs. 12 and 15 it would be
possible to predict that a ball which is within a given zone at two distinct spaced points in time
would be likely to land in that zone, and this information may be conveyed visually to a viewer
- for example by enhancing the image not to indicate the current position of the object moving
therein, but the predicted position at which the object will strike the ground.

In a further modification of any of the embodiments described above, the system may
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be configured to enhance the video image by superimposing adverts or other visual stimuli
onto the video image captured by the video camera. As an illustration of this, a sponsors logo
or name could be overlaid onto the video image of a golf green or football pitch. Such adverts
or other visual stimuli could dynamically reference the play that is going on. For example,
after a good golf shot down the middle of the fairway the advert could say - “another great
drive from a Calloway driver”,

It should also be noted that whilst particular combinations of features are identified
herein as being of importance, the scope of the invention is not limited only to these
combinations but instead extends to any combination of features herein described. In
particular, the fact that a given feature has only been described herein in the context of one
embodiment should not be interpreted as precluding the incorporation of that feature into other
embodiments described herein.
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Claims
1. A system for enhancing video images, the system comprising:

a map of a scene, the map including one or more elements representative of three-
dimensional topographical characteristics of the scene;

a video camera for generating a video signal of said scene; and _

a control unit provided with instructions for adapting a video image of a scene in
accordance with a topographical map of the scene to enhance said video image to accentuate
the three dimensional topographical characteristics of the scene defined in said map, the
control unit being configured to adapt said video signal in accordance with said instructions to
accentuate at least those portions of said video image which correspond to said three-
dimensional topographical characteristics in said map to thereby generate an output video
image in which said three-dimensional characteristics may more easily be appreciated by a

viewer.

2. A system according to Claim 1, further comprising a scanner that is configured to scan

the scene to generate said map.

3. A system according to Claim 2, wherein said scanner is operéble ‘to provide output

data indicative of three-dimensional topographical features of the scene.

4. A system according to Claim 2 or 3, wherein said scanner comprises a LiDAR or
RADAR scanner.
5. A system according to any of Claims 2 to 4, wherein said scanner is operable to output

a direction data signal that includes information relating the position of the scanner to a

reference position.

6. A system according to Claim 5, wherein said direction data signal includes azimuth
data defining the angular distance in a horizontal plane between a current orientation of said
scanner and a reference orientation.

7. A system according to any preceding claim, wherein said video camera comprises an
RGB CCD camera, preferably capable of outputting broadcast quality video signals.

8. A system according to any preceding claim, further comprising a unit operable to
output information relating to the orientation of the camera with respect to a reference

orientation.
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Q. A system accordmg to Claim 8, wherein said unit comprises a giro unit, preferably a

giro unlt mounted on a tnp or other support on which said camera is supported, said giro unit

‘being coupled to said camera so that' information relating to the .orientation of the camera’

output by said unit changes as the orientation of said camera changes.

- 10.  Asystem ,aceording to any preceding claim wherein said camera includes'a data signai

output through which a data signal may_.be output.

11. A system according to Claim 10, wherein sald data s:gnal mcludes control lnformatlon

- relating to a video signal generated by the camera.

12.- A system‘ aceording to any.prece_ding claim, wherein said control unit comprises a map
interface through which a map signal may be output to a monitor for viewing, said map signal
providing a visual indication of said topographical map. ' '
13. A system accordmg to any. preceding -claim, wherem sald control unit comprises a
video interface through which a vndeo s:gnal correspondmg to that generated by said camera

may be output

14, A system accordmg to any precedmg claim, wherein sald control umt compnses a y

combination signal mterface through which an enhanced video signal may be output for

viewing, said enhanced vldeo signal comprising an enhanced version of said video signal in

which the three dimensional topographical char‘acteristi'cs of the scene defined in said map

have been accentuated.

15. A system according to claims 12, 13 aﬁd 14, further comprising a monitor for-viewing |

any of said map signal, video signal or said combination signal.

16. A system according to any Claim-12 and 14, whefein said control unit’com'prise_s an

interface by means of which said video signal and said combination signal,may be outpijt toa

remote suite for editing.
17. A system according to Claim 16 or to Claims 12 and 14, wherein said control unit
comprises means for time-delaying said video signal so that said video signal and said

combination signal can be time synchronised.

18. A system according to any preceding claim, wherein 'said camera is adjustable to
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capture different fields of view of said scene and said control unit cornprises means for
adjusting a ﬁetd of 'vie_w of said map in accordance with adjustments made to said camera.

19. A system according to Claim 18 wherem said control umt is conﬁgured fo reonentate
said map so that a field of vrew of the scene provided by said map is substantrally |dent|cal to

a field of view provided by said video camera.

20, ‘A system accordmg to Claim 18 or 19 wherein said control unit is configured to

enlarge orreduce the map in scale so that a field of view of the scene provided by said map is
substantlally identical to a field of view provided by sald video camera.

' 21. A system accordmg to any preceding clalm wherem sald control unit is configured to
compare ‘each frame of said video signal to said map, and to |dent|fy reglons of each sald _
frame that correspond to regions of said map that mclude elements representatrve of three—A

dimensional topographlcal charactensttcs of the scene

- 22. A system accordrng to Clalm 21, wherein said control un:t is confi gured to rmplement :

pixel- by-plxel processmg of each frame of Sald vudeo slgnal

23. A system accordmg to Clarm 21, wherein sald contro! umt Is cont” gured to rmplement

] block-by-block processmg of each frame of said \ndeo sngnal and to |mplement plxel-by pixel =~

processrng of only those blocks of each frame that are identified to mclude a three-
h drmenswnal topographlcal charactenstuc

]

24, A system accordmg to Claim 22 or 23, further compnsmg storage for information
relating to enhancements that may be applled to a vrdeo srgnal,, each of said enhancements

. berng assocuated with a pamcular type of three-dlmensmnal topographlcal characteristic.

- 25. A system according to Ciaim 24, wherein a said frame of the video signal comprises a

three-dimensional tppographical characteristic and said control unit is configured to retrieve
from said storage information'for the enhancement that corresponds to the type of three-
dimensional . topographncal charactenstlc included in saxd frame and to apply said
enhancement to said frame.

26. A system according to Claim 24 or 25, wherein a said enhancernent comprises a

gradual shavdingA to be applied to pixels of said frame that are associated -wit_h said three- )

dimensional topographical characteristic. -
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27. A system.aecording to Claim 26, wherein said control unit is configured to determine

_the colour of pixels'or blocks in which a three—dimensional feature is determined to occur and
to vary the colour of said pixels in accordance with information pertaining to the enhancement
retrieved from the storage fer that three-dimensional featute. |

28. A system accordmg to Claim 24 or 25, wherein a said enhancement comprises a
‘plurality of indicators that are to be appl:ed to plxels of said frame that are assomated with said

three-dimensional topographlcal charactenstlc
29. A system according to Claim 28, whérein said indicators comprise centour lines.

30. A system according to any precedi'ng claim, w‘herein‘said control unit comprises ‘a
computer confi gured to execute one or more software modules that are operable to adapta
IV|deo image of a scene in accordance w1th a topographlcal map of the scene to enhance said .
video |mage to accentuate the three dlmenslonal topographical -charactenstncs of the scene
defined in said map and thereby generate an output video image in which’ Sald three-
dlmensmnal charactenstlcs may more easnly be apprecnated by a vnewer '

'_31‘.« A system according to any precedmg claim, whereln said map |nc|udes only those
elements that are representative -of three-dimensional’ topographucal characterlstlcs of the

- scene.

'32. A system for enhancmg vudeo images, the system comprising: .

a video .camera for generating a video signal of an object moving through a scene

a scanner confi gured to generate a S|gnal representatlve of the posmon of said object
with respect to a predetermined posmon fixed relative to said scene; and

a processor conﬂgured to adapt said video signal in dependence upon sald posmon |
signel to generate an enhanced video output slgnal for transmtssmn to a viewer. '

33, ‘ A system according to Claim 32, wherein said processor is configured to process the
signal output f_rom said scanner to identify the object moving through the scene. . '

34, A system according to Claim 33, wherein said processor is configured to detefmine a
likely trajectory for said moving object.

35 A system according to Cleim 34, wherein said processor is provided with atmap of said
scene and is configured to determine the likely trajectory of said moving object with respect to
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‘said map.

36. A system according to Claim 35, wherein said map includes a plurality of user defined
regions, one or more of which comprises an on—target region and one or more of whach-

: compnses an off-target region.

37. - A system according to Claim 36, further cor’nprising‘a store for enhancements to be

applied to said video signal, the processor being configured to determine whether said likely
- trajectory is such that said moving object is moyi'ng towards an on-target or off-target region of
- said map and select from said store an appropnate enhancement for application to said video ’

sngnal

38. A system according to any of Claims 34 to 37, wherein said processor is confi gured to

-determine the likely trajectory of said’ movmg object in one or more of horizontal and vertical

' planes

0

39. ,- A system accordlng to Clalm 38 when dependent on claum 37, wherein sa:d processor

'_ is confi gured to apply enhancements lndrcatlve of likely traJectorles in sald honzontal and/or

vertical planes

40. A system according to Claim 39, compriSIng means .operable to _enable a viewer to

'~ choose whether enhaneements should be applied to said video image, and to choose whether v

any enhancements selected should be for harizontal and/or vertical trajectory deviations.

41, A system ec_c:ording’ to any of Claims 33 to 40, wherein said pr.océssor is configured to '
implement a pattern-matching algorithm to identify the object moving' through said scene.

" 42, A system accordlng to any of Claims 32 to 41, whereln said processor is conf igured to

adapt said video sngnal by varying the lmage of the ob;ect moving through the scene. -

43. A system according to Cla|m 42, wherein said processor is configured to adapt the
colour of the object moving through the scene. '

44, A system according to any of Claims 32 to 43, wherein the processor is conﬁgured to

adapt said video signal te provide an enhanced signhal that indicates to the viewer the position

of said object relative to the scene as the object moves therethrough.
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45, A system according to any of Claims 32 to 44, wherein the processor is configured fo
‘adapt said video signal to provide an enhanced signal' that indicates to the viewer the

trajectory of the object as the object moves through the scene.

46, A system according to any ¢ of Claims 32 to 45, wherein said processor is configured to
provide an enhanced signal that indicates to the viewer a. future posrtron for the object as |t .

moves through the scene.
47.. A system accordlng to any of Clarms 320 46, wherem sard processor is configured to )

.
/

predetermined posrtlon within said scene.

- 48, A system aocordlng to any of Claims 32 to 47 whereln said scanner compnses a

N

49, A system accordmg to any of Clarms 32 to 48, whereln sard scanner comprlses an

~ auto-focus module of the vrdeo camera '

R

'50,. A system accordlng to any of Clarms 32 to 49 wherein said processor is configured to
adapt said video signal by generatlng an audlo signal representatrve of the posmon of said
object as the object moves through the scene ' ‘ ’

51. A system accordmg to any precedmg clarm further compnsmg means for mcorporatrng

- an-electronic message into sard wdeo signal.

52. A system according to Claim 51, where_in.'s_aid electronic message comprises

- advertising.

53. A system accordrng to Clalm 51 or 52, whereln sald electronlc message dynamlcally
references events occurrmg wrthm sard scene. '

54. o 'A system for enhancing a video signal, the system comprising: .
a video camera for"generating a video signal of a scene,
a store for electronic messages to be apphed to a video signal; and
. a processor conf’ gured to select one or more electronic messages from said store and
apply said messages to said video srgnal to thereby generate an enhanced video srgnal that'
mcorporates the one or more messages selected from sald store
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55. A method for enhancmg video images, the method comprising: _
‘providing a map of a scene, the map including one or more elements representatlve of
three-dimensional topographtcal charactenstlcs of the scene; o
operating a video camera to generate a video signal of said scene; and
operating a control unit provided with instructions for adapting a video image of a

: 'scene in accordance with a topographxcal map of the scene to enhance said video image to
'accentuate the three dimensional topographical characterlstlcs of the scene defined in said

map, the control unit being confi igured to adapt said video S|gnal in accordance with said
instructions to accentuate at least those-portions of said video image which correspond to said .
three-dlmensmnal topographical characteristics in said map to thereby generate an output
video image in which said three-dimensional characteristics may more easily be appreciated

‘by a viewer.

56. A method for enhancmg vndeo lmages the method compnsmg
generatmg, using a video camera, a video signal of an object moving through a scene;

generatlng, using a scanner, a signal representatlve of the position of said Ob]eCt with -

respect toa predetermlned posntlon fixed relatlve to said scene;.and
' operating a processor ~to-adapt' said video signal in dependence -upon said position .

~ signal to generate an enhanced video output signal fof transmission to a viewer.

57. A method for enhancmg a \ndeo signal, the method compnsmg

generating a video 5|gnal ofa scene

provndmg a store for electronic messages to be applled to a video signal; and

operating a processor to select one or more electromc messages from said store and
apply said messages to said video sugnal to thereby generate an enhanced video ssgnal that
incorporates the one or more messages selected from said store. -

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2008/053200 PCT/GB2007/004140
1/11

I— ‘ _
A 11
L >

13




WO 2008/053200 PCT/GB2007/004140
2/11

37

19—

it 23
21/ ) D W v 05

59

o4z 2L
——>147
——>151 - -

53 55 57 61

\ 4

\ A A
i




WO 2008/053200 PCT/GB2007/004140
3/11

Receive Video
Camera Data

Change in Receive Receive
field scanner position » Camera position
of view? data data
Compute
Expand/Reduce Position
Map Difference
Map aligned

with frame? Rotate Map

A




WO 2008/053200

RECEIVE
FRAME DATA

PROCESS NTH

4/11

PCT/GB2007/004140

OUTPUT
FRAME

PIXEL

v

RETRIEVE
CORRESPONDING
PIXEL FROM MAP

DOES MAP
PIXEL INCLUDE
D FEATURE?

RETRIEVE
FEATURE TYPE
FROM MAP

I

RETRIEVE
ENHANCEMENT

N=N+1

ALL PIXELS

4

PROCESSED?

OUTPUT PIXEL TO
FRAME STORE

i

APPLY
ENHANCEMENT
TO FRAME PIXEL

4




WO 2008/053200

5/11

PCT/GB2007/004140

Fig. 7a
RECEIVE
FRAME DATA
N=1 OUTPUT
- FRAME
i A
PROCESS NTH P
BLOCK
v
RETRIEVE
CORRESPONDING N=N+1

BLOCK FROM MAP

DOES MAP
BLOCK INCLUDE
3D FEATURE?

RETRIEVE
FEATURE TYPE
FROM MAP

ALL BLOCKS
PROCESSED?

OUTPUT BLOCK

TO FRAME STORE

FROM
FIG. 7B



WO 2008/053200 PCT/GB2007/004140
6/11

N=1

v

PROCESS NTH
PIXEL

v

RETRIEVE
CORRESPONDING N=N+1
PIXEL FROM MAP

DOES MAP
PIXEL INCLUDE
D FEATURE?

PROCESSED?

OUTPUT PIXEL TO
— STORE
! !
RETRIEVE - APPLY
ENHANCEMENT | ENHANCEMENT
TO FRAME PIXEL




WO 2008/053200 PCT/GB2007/004140
7/11

Fig. 9 3 63
e B ro<
17 /{1‘,\ 17\
63 @) i
“j "ll' A1y
D o
-
0 N
17_.5 .\§ O
®
c
A 63
17
Fig. 10 82
69
‘ 81
23 — _|§ 67 - %
25—
43— — (A
; 75 27
47—t 79
- —4 77
51— L




WO 2008/053200 PCT/GB2007/004140
8/11

91

89

g\ﬂ?

117




PCT/GB2007/004140

WO 2008/053200

9/11

Ei

o« W0 0 ™ ha
mmv <t o (o2 o <
o - ~— A
<m0\\\\m\\\ﬁ \\m - Q|lrlﬁk lllll
M~ W)
Al| N
|| -~
I~ (o), N~ 0
< 3¢, o) <
E « ~ A |
o
o
L]
b o
[sp] N
~ =
£
o
[=]
L ]
|

Fi

101

105

103

109

111

113

119

— [ 07

121

123

115

117




WO 2008/053200 PCT/GB2007/004140
10/11

Csmar) Fo. 14

v
RETRIEVE MAP

l

RECEIVE IMAGE FRAME
& SCANNER OBJECT
DISTANCE DATA

A

| ouTpPuT
" FRAME
PLOT OBJECT ON
MAP
APPLY
ENHANCEMENT TO
OBJECT
IS OBJECT_ v

WITHIN SAFE
ZONE?

LOCATE OBJECT IN
FRAME

IS OBJECT
WITHIN 15T
ZONE?

Y RETRIEVE ENHANCEMENT
> FOR OBJECT IN 15T ZONE

IS OBJEC
WITHIN 2NP
ZONE?

Y RETRIEVE ENHANCEMENT
FOR OBJECT IN 2"° ZONE

RETRIEVE ENHANCEMENT
FOR OBJECT IN 3f° ZONE




WO 2008/053200
11/11

PCT/GB2007/004140

1100m i200m

START

orizonta
Enhancement

Vertical
Enhancement

Receive
frame &

only? only? scanner data
. . Locate object
Receive
. E::;e ;v; frame & on Horizontal
scanner data scanner data pr
v v ,
Retrieve Retrieve Loca\t/e ft_blelc'f
Horizontal Vertical Map on Verlica
Map Map
Locat ‘
ocaie Retrieve
Locate )
object on object on Horizontal &
map map Vertical
enhancements
Retrieve Retrieve v
enhancement enhancement Apply
¢ enhancements
* v
Apply
e hAppIy t enhancement Output
nhancemen P
7 v
Output
— ?r:tn?‘:t frame




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings

