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TRACKING SYSTEM
BACKGROUND

Head mounted displays are a type of display that allow a user to view a
scene whilst viewing information over the scene, and at the same time having
freedom of movement to move their head position. Head mounted displays may
comprise a tracking system. However, tracking systems are typically designed to
function in a closed environment, such as an aircraft cockpit, where the freedom
of movement of the user is constrained to a relatively small volume. Therefore
the tracking systems are not typically capable to track movement accurately over

large volumes or large movements.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a tracking system in accordance with some examples.
Figure 2 illustrates a watercraft in accordance with some examples.
Figure 3 illustrates a size-variable optical mark in use.
Figure 4 further illustrates a size-variable optical mark in use.

Figure 5 illustrates a method for use with a tracking system in accordance

with some examples.
DETAILED DESCRIPTION

It may be desirable for user on a watercraft to be provided with information
regarding their surroundings and watercraft visually. This may be provided with a
head mounted display. The information should be overlaid with objects in the field
of view of the user, and therefore a tracker system is desirable for the head
mounted display. However, it is also may be desirable for the user to be able to
move freely about the watercraft, and to be able to view the information at a wide
range of viewing angles and positons. Therefore, the tracking system should
allow the user to be able to move substantially freely over a large volume whilst
still being provided with information aligned with objects in their field of view.
Traditionally head tracker systems have been used in applications where the user

is constrained in position, for example a pilot in a cockpit.
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Figure 1 illustrates a tracking system 100 according to some examples.
Head tracking system 100 is for use with a head mounted display to track the
head and/or the eyes of a user of the head mounted display on a watercraft. The
tracking system 100 comprises optical tracking circuitry 110, non-optical tracking

circuitry 120 and correction circuitry 130.

The optical tracking circuitry 110 determines first tracking information of
the head mounted display using optical tracking means. The optical tracking
means may comprise at least one optical source, such as a laser or light emitting
diode, and at least one optical detector. The at least one optical source may be
located on the head mounted display, or alternatively the optical detectors may

be located on the head mounted display.

Non-optical tracking circuity comprises a set of non-optical means to
provide second tracking information. The set of non-optical tracking means may
comprise at least one inertial sensor. The head mounted display may comprise
at least one inertial sensor attached to or associated with the head mounted
display, and also the watercraft may also comprise at least one inertial sensor

attached to or associated with the watercraft.

Correction circuitry 130 uses the first and second tracking information to

provide updated tracking information.

In some examples the tracking system 1000 may further comprise a
prediction circuitry. The prediction circuitry may incorporate additional data from
sources such as sensors, accelerometers and gyroscopes to improve the
perceived latency and conformal accuracy of the head mounted display and use
such data to predict the position of gaze, a number of frames ahead of real-time.
In some examples the sensors, accelerometers and gyroscopes may be
associated and/or mounted to the head mounted display. In some examples the
sensors, accelerometers and gyroscopes may be associated and/or mounted to
the watercraft. The prediction circuitry may preferably predict the position and

gaze no more than 100 ms in advance.

In some examples the prediction circuitry may use a combination of

information received from data sources associated with the watercraft and data
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sources associated with head mounted display. The data sources associated with
the watercraft may comprise sensors, accelerometers and gyroscopes mounted
to the watercraft. The data sources associated with the head mounted display
may comprise sensors, accelerometers and gyroscopes mounted to the head
mounted display. This combination may improve the perceived latency and

accuracy of symbol conformity to objects.

For example, the watercraft may have a predictable motion due to roll
caused by the motion of the sea and this information combined with information
regarding the movement of the head of the user of the head mounted display

further reducing the perceived latency.

The particular non-optical tracking means from the set of non-optical
tracking means are selected by the tracking system 100 based on the location of
the head mounted display. The tracking system 100 may select one or more than
one non-optical tracking means. Selecting the non-optical tracking means based
on the location of the head mounted display may allow the tracking system 100

to track the head mounted display over a large area.

In some examples the tracking system 100 selects a non-optical tracking
means based on the location of the head mounted display. This is further

illustrated by Figure 2.

Figure 2 illustrates a tracked watercraft 200 according to some examples.
The tracked watercraft 200 comprises a first axis 210 and a second axis 250
about which the tracked watercraft 200 may be deformed, for example a flex,
rotation, or a compression. The tracked watercraft 200 may comprise other axes
not shown in Figure 2 that it is also deformed about. Tracked watercraft 200 also
comprises a first tracking location 220, second tracking location 230, and third
tracking location 240. The tracked watercraft may also comprise a reference area
260. The first tracking location 220, second tracking location 230, and third
tracking location 240 are each areas of the tracked watercraft that the user may

be tracked.

Non-optical tracking means may be provided at least at the reference area

260. Reference area 260 may be chosen as a positon or area on the tracked
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watercraft 200 that is known to have the least deformation. In some examples,
knowing conditions regarding the tracked watercraft may allow for calculation to
be made regarding the relative movement of the first tracking location 220,
second tracking location 230, and third tracking location 240, and therefore a
correction may be made to the second tracking information based on the location

of the user.

In some examples, at least one of the first tracking location 220, second
tracking location 230, and third tracking location 240 may comprise non-optical
tracking means, this may be in addition to the non-optical tracking means in the
reference area 260. The selection of the non-optical tracking means may be
based on the location of the head mounted display, such that the tracker system
100 uses non-optical tracking means associated with the first tracking location
220 when nearest the first tracking location, uses non-optical tracking means
associated with the second tracking location 230 when nearest the second
tracking location, and uses non-optical tracking means associated with the third

tracking location 230 when nearest the third tracking location.

The selection of the appropriate non-optical tracking means may not be
based purely on distance. For example, the tracked watercraft 200 may be known
to have more flex at a certain location, and therefore the distance may be a

weighted distance based on the predicted deformation of the tracked watercraft.

In some examples the deformation behaviour of the watercraft may be
known, for example by modelling or physical measurements. This may enable
the calculation of the second tracking information to be adapted based on the
current location of the user of the head tracking system. This may counteract the
fact that when the user is a distance from an inertial sensor located on the vehicle
the motion of the user may different from the motion of the inertial sensor in a

predictable manner due to deformation of the vehicle.

The tracker system may also take into account the motion of at least two
of the first tracking location 220, second tracking location 230, third tracking

location 240, and reference area 260 to such that for a known positon on the
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watercraft 200 a movement relative to the reference movement can be

determined based on known properties of the tracked watercraft 200.

The number of tracking areas is illustrative, and the tracked watercraft 200
may comprise any number of tracked areas. In some examples the tracked areas
may be discrete, such that they have defined boundaries. In some examples the
tracked areas may be continuous, such that there is not a well-defined boundary.
In some examples none or at least one of the tracked areas may overlap. In some
examples at least one of the tracking locations may comprise a bridge of the

watercraft.

In some examples the non-optical tracking means may comprise at least
one inertial sensor. The non-optical tracking means may comprise a set of inertial
sensors to measure movement of the helmet relative to the watercraft, and a
plurality of sets of inertial sensors to measure the movement of the watercraft
relative to the surroundings. The tracking system may select one of the plurality
of sets of inertial sensors based on the location of the head mounted display. The
plurality of sets of inertial sensors may be disjoint sets, such that each set does

not share any sensor with any other set of inertial sensors.

In some examples, the optical tracking means may comprise a size-
variable optical tracking mark. The physical size of the size-variable optical
tracking mark may be configured to change based on the location of the head
mounted display. The physical size may be based on the distance from the size-
variable optical tracking mark, or from a defined position in the watercraft or
tracking area. The distance may also be a weighted distance. In some examples
the size of the size-variable optical tracking mark may vary such that the apparent
size from the location of the head mounted display appears to be the substantially

same irrespective of the distance from the size-variable optical tracking mark.

Figure 3 illustrates the size-variable optical tracking mark in use. A head
mounted display 300 is located at a first distance 310a from the size-variable
optical tracking mark 320. This results in the size-variable optical tracking mark

320 having a first size 330a. When the head mounted display 300 is located at a
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second distance 310b from the size-variable optical tracking mark 320 the size-

variable optical tracking mark 320 has a second size 330b.

The size-variable optical tracking mark may vary size mechanically, such

as by expanding, contracting or a rotation.

The optical tracking marks may comprise an active device, such as a light

source, or a passive device such as a reflector or a detector.

Figure 4 illustrates a cross-shaped size-variable optical tracking mark 400
according to some examples. The shape is illustrative, and it is understood that
the size-variable optical tracking mark may have any shape. Furthermore, the
size-variable optical tracking mark may be configured to increase size in all

angles, rather than vertically and horizontally.

If the head mounted display is located at a first distance from the cross-
shaped size-variable optical tracking mark 400, then a single optical tracking
mark 410a may be used by the tracker system and six optical tracking marks not
used 420a. If the head mounted display is located at a second distance from the
cross-shaped size-variable optical tracking mark 400 then a further four optical
tracking marks may be used 410b, and four optical tracking marks not used 420b,
wherein the first distance is less than the second distance. If the head mounted
display is located at a third distance from the cross-shaped size-variable optical
tracking mark 400 then a further four optical tracking marks may be used 410c,
and no optical tracking marks not used, wherein the third distance is more than

the second and first distances.

The tracking system may also comprise a plurality of size-variable optical
tracking marks and a plurality of constant-size optical tracking marks which do
not change size. For example, the walls of the tracked area may comprise size-
variable optical tracking marks as the user may move towards and away from the
walls, but the ceiling may comprise constant-size optical tracking marks as the
user may not significantly change the distance from the ceiling to the head

mounted display, at least in the vertical direction.

The size-variable optical tracking marks are illustrated as increasing size

from the centre, however they are not limited to increasing in this manner. The
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number of size-variable marks is not required to increase with distance of the
user form the marks. In some examples the number of size-variable tracking
marks may stay constant, such that the spacing of the marks increase with

increasing distance of the user from the marks.

In some examples the intensity of the marks may depend on the distance
of the user from the mark. In some examples the intensity of the mark may be

relatively constant with distance.

Figure 5 illustrates a method 500 according to some examples. The
method comprises determining first tracking information 510, determining second

tracking information 520, and determining updated tracking information 530.

Determining first tracking information 510 comprises using optical tracking
means to determine the first tracking information using optical tracking means.
The optical tracking means may comprise at least one optical sensor and at least
one optical source. The optical detectors may be located on the head mounted

display, or the optical sources may be located on the head mounted display.

Determining second tracking information 520 comprises using non-optical
tracking means to determine the second tracking information using non-optical

tracking means.

The selection of at least one of the optical tracking means and non-optical

tracking means may be based on the location of the head mounted display.

In some examples the method may comprise selecting a non-optical
tracking means based on the location of the head mounted display. A watercraft
may comprise a plurality of tracked areas, and the selecting the non-optical
tracking means may comprise selecting a subset of the non-optical tracking
means, the subset of the non-optical tracking means being closest to the head

mounted display.

In some examples the method may comprise providing the location of the
head mounted display to the optical means, and basing the size of the variable-
sized marks on the distance from the variable-sized mark to the head mounted

display. The location of the head mounted display may be a rough estimation. In
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some examples the tracking system may determine the location by performing a
measurement. In some examples the location may be a relative location, such
that the location provides information regarding the distance from the size-
variable optical tracking mark but does not provide the absolute location of the

head mounted display on the watercraft.

Although the above examples are described in relation to watercraft, it
should be understood that tracking system 100 may be used with any type of

application where a user’s head is required to be tracked over a large volume.
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1. A tracking system for use with a head mounted display on a

watercraft, the tracking system comprising:

optical tracking circulitry to determine first tracking information of the

head mounted display using optical tracking means;

non-optical circuitry to determine second tracking information of the
head mounted display using at least one non-optical tracking means of a set of

non-optical tracking means;

correction circuitry to determine an updated tracking information of
the head mounted display based on the first tracking information and the second

tracking information; and wherein

the tracking system is configured to select the at least non-optical tracking
means of the set of non-optical tracking means based on a location of the head

mounted display.

2. The tracking system according to claim 1, wherein the set of non-
optical tracking means comprises a plurality of disjoint sets of inertial sensors
located on the watercraft, each individual set comprising at least one inertial
sensor, each disjoint set located in separate locations of the watercraft, wherein
the tracking system is configured to select one of the plurality of disjoint sets of
inertial sensors to use to determine the second tracking information based on the

location of the head mounted display.

3. The tracking system according to any preceding claim, wherein the
optical tracking means comprises at least one size-variable optical tracking mark,
a physical size and configuration of the variable-sized alignment mark is based

on the location of the head mounted display.

4. The tracking system according to claim 3, wherein the size-variable

optical tracking mark comprises at least one light source.

. The tracking system according to claim 4, wherein the at least one

light source comprises a light emitting diode.
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6. The tracking system according to any preceding claim, wherein the
non-optical circuity is configured to adapt the determination of the second tracking
information based on an estimate of the physical deformation at the location of

the head mounted display.

7. The tracking system according to claim 6, wherein the estimate of
the physical deformation is based upon non-optical tracking means at at least two

separate locations.

8. The tracking system according to any preceding claim, wherein the

tracking system further comprises gaze prediction circuitry.
9. A watercraft comprising the tracking system of any of claims 1-8.

10. A method for use with a tracking system according to any of claims

1-8, the method comprising:

determining first tracking information of a head mounted

display based on optical tracking means;

determining second tracking information of a head mounted
display based on at least one non-optical tracking means of a set of non-optical

tracking means;

determining an updated tracking information of the head mounted display
based on the first tracking information and the second tracking information; and

wherein

selecting the at least one non-optical tracking means to use to determine
the second tracking information is based on a location of the head mounted

display.

11.  The method according to claim 10, wherein the non-optical tracking
means comprises a plurality of disjoint sets of inertial sensors located on the
watercraft, each individual disjoint set comprising at least one inertial sensor,
each disjoint set located in separate locations of the watercraft, and selecting the
at least one optical tracking means comprises selecting one of the disjoint sets of

inertial sensors based on the location of the head mounted display.
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12. The method according to claim 10 or 11, wherein the optical
tracking means comprises at least one variable-sized mark, a size and
configuration of the variable-sized alignment mark is based on the location of the

head mounted display.

13.  The method according to any of claims 10-12, wherein determining
the second tracking information is based on an estimate of the physical

deformation at the location of the head mounted display.

14. The method according to claim 13, wherein the estimate of the
physical deformation is based upon non-optical tracking means at at least two

separate locations

15. A machine readable medium comprising instructions, that when
executed, cause a processing means to perform the method of any of claims 10-
14.
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