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(57) ABSTRACT

A controller for a multimedia entertainment system 1s pro-
vided. The controller comprises a weighted component
connected to the controller, wherein the weighted compo-
nent 1s rotationally movable relative to the controller. The
controller 1s configured to rotate the weighted component
from a start position to an end position to shift the centre of
mass of the controller 1n response to a trigger event; wherein
the weighted component stops moving at the end position.
This movement of the weighted component provides direc-
tional haptic feedback to a user of the controller.
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HAPTIC MODULE AND CONTROLLER
HAVING ROTATIONAL WEIGHT
DISTRIBUTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from
United Kingdom Patent Application No. 2212621.3, filed
Aug. 31, 2022, the disclosure of which 1s hereby 1ncorpo-
rated herein by reference.

BACKGROUND

[0002] A controller for a multimedia entertainment system
1s an input device that enables a user to provide input to the
system. For example, the multimedia entertainment system
may be a video game console and the controller enables a
user to mteract with a video game application running on the
console.

[0003] The controller can also be an output device and
provide feedback to the user 1n response to their operation of
the controller and/or an event occurring on an application
running on the multimedia entertainment system. The con-
troller feedback can be provided 1n a variety of manners,
such as audio feedback output from a speaker of the con-
troller or haptic feedback output by a haptic module of the
controller. Providing this controller feedback can substan-
tially improve the experience of using the controller, for
examples by deepening the immersion a user experiences, or
by increasing the accessibility of the controller or an appli-
cation being controlled.

[0004] Currently, haptic modules 1n controllers and other
peripherals largely consist of vibration motors often coupled
to small masses which oscillate at high frequencies to
produce a “rumble” vibration that can be felt by the user. The
range of frequencies that these vibration motors can operate
at ethciently limits their use to producing these small
“rumble” effects and the level of controller feedback they
can provide.

[0005] Developing eflective haptic feedback for a control-
ler 1s challenging and, just as eflective feedback can posi-
tively impact the experience of using a controller, ineflective
teedback can distract a user and significantly detract from
their experience. The present invention provides new forms
of haptic feedback by significantly altering the weight
distribution of the haptic module.

SUMMARY OF INVENTION

[0006] It 1s an object of the present invention to provide a
haptic module for a controller for a multimedia entertain-
ment system which makes progress in solving some of prior
art devices discussed above.

[0007] According to a first aspect of the invention, there 1s
provided a controller for a multimedia entertainment system,
the controller comprising: a weighted component connected
to the controller, wherein the weighted component 1s rota-
tionally movable relative to the controller; and wherein the
controller 1s configured to rotate the weighted component
from a start position to an end position to shift the centre of
mass of the controller 1n response to a trigger event. Typi-
cally, the weighted component stops moving at the end
position.

[0008] The position of the weighted component signifi-
cantly aflects the position of the centre of mass of the
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controller, therefore adjusting the position of the weighted
component allows the controller to provide directional hap-
tic feedback to a user. Rotating the weighted component
means a wide variety of diflerent types of directional haptic
teedback can be provided, such as leaning sensation when
the weight distribution of the controller 1s adjusted to make
the controller heavier on one side for an extended period of
time, or a jerking sensation when the weighted component
1s rapidly decelerated to provide a directional impact ellect
on the controller. This directional haptic feedback 1s not
achievable with existing controllers using known haptic
modules, as the weight and overall feel of a controller
remains central even when these haptic modules are actu-
ated.

[0009] The trigger event may be a virtual event such as an
event that occurs 1n an application running on the multime-
dia entertainment system, or the trigger event can be a real
event such as an mput element of the controller being
actuated. The weighted component 1s rotated in response to
the trigger event to enhance the impact of the event and the
user’s experience using the controller and controlling the
system. Examples of virtual events in a video game appli-
cation running on the multimedia entertainment system
include a character walking or jumping, a car turning, a bat
swinging etc. Other examples of real events include an 1nput
clement of the controller being actuated, or the controller
moving (including rotation and/or translation of the control-
ler).

[0010] Optionally, the start position 1s different to the end
position. In this way, the weight distribution of the controller
1s adjusted at least until the next trigger event. This can
produce a leaning sensation when the centre of mass of the
controller 1s moved out of alignment with the vertical axis of
gravity and so there 1s a resultant torque due to gravity acting
on the controller. As used herein, gravity and the vertical
axis of gravity typically refer to the gravity direction at the
point of the controller.

[0011] Optionally, the controller 1s configured to rotate the
weighted component between 0 and 360 degrees relative to
an axis of the controller 1n response to the trigger event.

[0012] The range of between 0 and 360 degrees refers to
the movement of the weighted component 1n response to the
trigger event, rather than the angular displacement between
the start position and the end position. That 1s, the maximum
range of angles the weighted component may rotate through
in response to a single trigger event 1s 360 degrees. This
ensures the weighted component provides directional haptic
teedback on the controller, rather than repeatedly oscillating
the weighted component 1n response to a single trigger event
and causing the controller to vibrate. This saves energy and
avolds movement of the weighted component negatively
impacting the user experience.

[0013] Optionally, the controller 1s configured to rotate the
weilghted component between 0 and 180 degrees relative to
an axis ol the controller 1n response to the trigger event.

[0014] As discussed above, the range of between 0 and
180 degrees refers to movement of the weighted component
in response to the trigger event, rather than the angular
displacement between the start position and the end position.
Limiting the maximum range of angles the weighted com-
ponent may rotate through in response to an individual
trigger event to 180 degrees means that the weighted com-
ponent will always rotate through the shortest route from the
start position to the end position. This saves additional
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energy when moving the weighted component and 1increases
the apparent responsiveness ol the haptic feedback to the
trigger event.

[0015] Optionally, the trigger event 1s an output from an
application running on a multimedia entertainment system.
In this way, a user will experience the controller physically
responding to an event in the application, enhancing the
experience of controlling the application and multimedia
entertainment system. The output from the application will
vary depending on the application running on the system,
some possible examples for i1llustration 1include *““car turning

2L

left”, “character walking with limp”, “raising shield”.

[0016] Optionally, the controller 1s configured to hold the
weighted component at the end position until a second
trigger event.

[0017] Holding the weighted component after the first
trigger event until a second trigger event saves energy and
1s particularly suitable for some types of haptic feedback
(such as direction leaning sensations). The second trigger
event may be the same type of trigger event as the first
trigger event or may be a different type of trigger event to the
first trigger event. An example of where the first trigger
event 1s different to the second trigger event 1s where the first
trigger event 1s a virtual event of *“‘car turning left” in the
application, and the second trigger event 1s a real event of
“controller rotated 30 degrees clockwise™.

[0018] Optionally, the controller 1s configured to hold the
weighted component at the end position for at least 0.5
seconds after rotating the weighted component.

[0019] In this way, rotation of the weighted component 1s
prevented from vibrating the controller.

[0020] Optionally, the controller 1s configured to rotate the
welghted component 1n response to a change of orientation
of the controller.

[0021] This means the haptic feedback of the controller
can be adjusted based on the orientation of the controller. In
such an implementation, the change of orientation of the
controller can be considered a trigger event as described
above.

[0022] Optionally, the controller 1s configured to rotate the
weighted component to counteract the change of orientation
of the controller.

[0023] In this way, the weighted component may remain
stationary relative to gravity, until a trigger event occurs that
prompts the controller to rotate the weighted relative to
gravity. The weighted component being rotated to counteract
the change of orientation of the controller means that the
weighted component 1s rotated such that the resultant torque
due to gravity acting on the controller, in the plane of
rotation of the weighted component, 1s reduced relative to 1f
the weighted component was not rotated. The weighted
component may be rotated to totally counteract the change
of orientation of the controller, such that there 1s substan-
tially no resultant torque due to gravity acting on the
controller in the plane of rotation of the weighted compo-
nent. For example, when the controller 1s rotated 30 degrees
clockwise, the weighted component 1s rotated 30 degrees
anticlockwise. This makes the controller more comiortable
for the user to hold at any orientation, and means that the
weighted component moves to the correct end position 1n
order to provide the desired directional haptic feedback.

[0024] Optionally, the end position of the weighted com-
ponent 1s determined using the orientation of the controller.
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[0025] This 1s particularly useful when haptic feedback 1s
intended to provide directional feedback relative to a refer-
ence point other than the controller, as 1t ensures the direc-
tional feedback will be output correctly regardless of the
orientation of the controller. If the orientation of the con-
troller 1s not considered when rotating the weighted com-
ponent, then the direction of the resulting feedback may be
incorrect (e.g. inconsistent with the trigger event) and dis-
tract the user. In practice, this may result 1n the end position
of the weighted component being different for the same
trigger event depending on the orientation of the controller.
This can be implemented 1n variety of ways, for example by
determining the end position (and optionally the start posi-
tion) of the weighted component relative to gravity rather
than an axis of the controller.

[0026] Optionally, the controller further comprises an ori-
entation sensor. The ornentation sensor 1s configured to
determine the orientation of the controller. For example,
relative to the multimedia entertainment system or gravity.
When the controller does not comprise an orientation sensor,
the orientation of the controller may still be determined, for
example using an external camera in communication with
the multimedia entertainment system.

[0027] Optionally, the controller further comprises a pro-
cessor configured to receive an mput and further configured
to determine an output rotation of the weighted component
based at least 1n part on the input. This may reduce the time
between the trigger event and movement of the weighted
component 1n response to the trigger event. Alternatively,
the output rotation of the weighted component may be
determined by the multimedia entertainment system, a
server or cloud service and communicated to the controller.
The mput may be the trigger event, at least one property of
the trigger event.

[0028] Optionally, the input comprises information relat-
ing to one or more of the trigger event, orientation of the
controller, position of the controller and speed of movement
of the controller.

[0029] The information relating to the controller (e.g. the
orientation of the controller) may refer to information relat-
ing the controller body itself (e.g. the orientation of the
controller body) and/or information relating to the weighted
component of the controller (e.g. the orientation of the
weighted component).

[0030] Optionally, the controller further comprises one or
more motors configured to selectively rotate the weighted
component, and wherein the processor 1s configured to send
the determined output rotation to the one or more motors for
actuation.

[0031] Using motor(s) to selectively rotate the weighted
component has been found to be eflective and energy
cllicient at providing directional haptic feedback, particu-
larly when the weighted component 1s rotated towards and
held at an end position for an extended period of time (e.g.
longer than 0.5 seconds).

[0032] When the weighted component 1s rapidly moved 1n
relation to the controller, the rapid acceleration of the
component can cause a resultant force or torque experienced
by the user. Particularly, a sudden change 1n direction of
movement of the weighted component may cause a notice-
able resultant force or torque felt by the user. Therefore, the
welghted component may be rapidly accelerated and decel-
crated (either 1n one direction or opposing directions) to
generate such a tactile resulting force or torque for the user
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holding the controller. Such a tactile force may be experi-
enced for example when the weighted component 1s brought
to a stop from movement. In some examples, the movement
of the weighted component may be effected in a way which
does not cause such a tactile force due to acceleration/
deceleration (but which still results 1n a shift of the centre of
mass.

[0033] The movement of the weighted component may be
described as uniform—that 1s to say that the absolute
acceleration may be kept at a mimimum to reduce the
resultant force or torque. In some examples, to avoid the
resultant force when a sudden change 1n direction 1s effected,
the controller may be configured to pause between move-
ments 1n which the weighted component 1s moved 1in oppos-
ing directions. Such a pause may last 1 second or more, for
example. The movement may also be damped—that 1s, the
motion may be dovetailed near the start and stop points of
motion so that the weighted component gradually acceler-
ates from zero and gradually decelerates to zero at the end
ol 1ts motion.

[0034] Optionally, the controller 1s configured to slowly
rotate the weighted component from the start position to the
end position. That 1s to say, the weighted component may be
gradually and continuously moved so as to not cause a
resultant force or torque on the user due to acceleration of
the weighted component. In some examples the average
velocity of the motion 1itself may be of a low speed, for
example at a rate of less than 1 degree per second. In this
way, the centre of mass of the controller 1s slowly shifted in
response to the trigger event. This gradual change in the
centre of mass 1s continuously perceirved by a user and 1s
notably distinct from faster movements of the weighted
component, where the user 1s more likely to perceive a
change of momentum of the controller rather than a con-
tinuous perception of the location of the centre of mass of
the controller.

[0035] Optionally, rotation of the weighted component 1s
operated at a rotation speed, and the rotation speed 1is
determined at least 1n part by the trigger event. The rotation
speed may be constant throughout the rotation of the
weighted component from the start position to the end
position, or the rotation speed may vary as the weighted
component rotates. Where the rotation of the weighted
component 1s eflected based at least 1 part on a trigger
event, the acceleration of the weighted component may be
determined by the trigger event, or data associated with the
trigger event. For example, imnput from a game or entertain-
ment system may determine the direction and/or rate at
which the weighted component 1s rotated through 1ts degrees
of freedom. Alternatively, the game or entertainment system
may provide a desired force to be applied to the user by the
haptic module or controller, and the haptic module or
controller may receive that target force as input and calculate
speed and/or acceleration of the weighted component
required to achieve that target force. This may be done by a
processor on-board the haptic module or controller, and any
calculated motion of the weighted component may be stored
on a memory on-board the haptic module or controller for
repeat usage.

[0036] Optionally, the rotation speed 1s determined at least
in part by a preset user preference.

[0037] The weighted component can be rotated at different
speeds 1n order to provide different haptic feedback accord-
ing to different trigger events. For example, i a gentle

Feb. 29, 2024

leaming haptic feedback sensation 1s desired 1n response to a
first trigger event (e.g. corresponding to an application
where a leaf falls from a tree) then the weighted component
will have a lower rotation speed than when a sudden
directional 1mpact haptic feedback sensation 1s desired 1n
response to a second trigger event (e.g., corresponding to an
application where a race car 1s in a collision). Determining
the rotation speed may also take into account other factors
such as the movement of the controller, orientation of the
controller and the preferences of the user. For example,
some users may limit the mimimum rotation speed and/or the
maximum rotation speed ol the weighted component to
better suit their current preferences. In a specific example, a
user operating the controller on public transportation might
be more likely to limit the strength of any jerking sensation
provided by the controller and so will set a lower maximum
rotation speed than a user operating the controller 1n their
own home. These user preferences can be preset for specific
applications controlled by the controller, or globally for all
uses of the controller.

[0038] Optionally, the weighted component comprises a
first mass on an arm rotatable relative to a pivot point.
Preferably, the pivot point 1s arranged at a geometrically
central position of the controller, such that the first mass
rotates about the geometrically central position of the con-
troller.

[0039] Optionally, the first mass 1s located at a first end of
the arm and the pivot point 1s located at a second end of the
arm opposing the first end. In this way, a moment provided
by the weighted component 1s maximised for a given mass
and volume, increasing the limit of the strength of haptic
teedback events that may be provided by the weighted
component.

[0040] In some examples, the weighted component may
be configured to rotate within a single plane. That 1s, the
motion may be in one angular dimension. In other examples,
the weighted component may move or rotate between mul-
tiple planes, and 1ts motion may be described by two angular
dimensions. For example the weighted component may be
operated to describe a circular motion such that the volume
contained by the weighted component and 1ts connection to
the controller describes a cone.

[0041] Optionally, the weighted component 1s rotatable to
shift the centre of mass of the controller along a longitudinal
axis of the controller. In this way, the weighted component
can be rotated to provide haptic feedback 1n a plane of the
longitudinal axis of the controller. For example, a leaning
sensation or 1impact sensation in a direction along the plane
of the weighted component and the longitudinal axis of the
controller.

[0042] Optionally, the controller further comprises a first
hand grip and a second hand grip, the first and second hand
orips arranged for a user to hold the controller, wherein the
longitudinal axis 1s defined between the first and second
hand grips.

[0043] In this way, rotating the weighted component can
provide directional haptic feedback towards or away from
the hand grips. For example, rotating the weighted compo-
nent towards the first hand grip will shift the centre of mass
of the controller towards the first hand grip and cause the
controller to lean more towards the first hand grip.

[0044] Alternatively, the controller further comprises only
a single hand grip. In this way, the controller provides the
user a greater degree of freedom of movement than a
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controller with a plurality of hand grips while the weighted
component still provides directional haptic feedback relative
to the hand grip. Preferably, the longitudinal axis of the
controller runs through the single hand grip.

[0045] Optionally, the controller may include a plurality of
weighted components, where the controller and the
weighted components are configured in the same manner
described above, and the weighted components are indepen-
dently rotatable from each other. Including a plurality of
independently rotatable weighted components increase the
variety of haptic feedback possible for the controller to
provide. The plurality of weighted components may each
rotate through the same plane as each other. Alternatively,
some or all of the plurality of weighted components may
have different planes of rotation.

[0046] Preferably, the plurality of weighted components
are evenly distributed throughout the controller.

[0047] In a second aspect, there 1s provided a haptic
module for a controller for a multimedia entertainment
system, the haptic module comprising a weighted compo-
nent, wherein the weighted component 1s rotationally move-
able relative to a connected element and configured to
rotationally move from a start position to an end position to
shift the centre of mass of the haptic module 1n response to
a trigger event, wherein the weighted component stops
moving at the end position.

[0048] The haptic module may be configured in a similar
manner to the controller of the first aspect described above.
For example, the connected element referenced in the sec-
ond aspect may be the controller of the first aspect, and the
trigger event of the second aspect may be the trigger event
referenced 1n the first aspect. However, 1t will be appreciated
that the haptic element may be used with (and connected to)
other devices such as headphones or virtual reality headsets,
or other types of peripherals. It will also be recognised that
the specific nature of the connected element and the trigger
event may vary depending on how the haptic module 1s
implemented. The weighted component may be connected
directly to the connected element, or the weighted compo-
nent may be comprised within the haptic module which 1s
itself directly connected to the connected element.

[0049] The haptic module may be configured similarly to
the controller of the first aspect, for example such that the
welghted component of the second aspect corresponds to the
weighted component of the first aspect. The eflects and
advantages discussed above 1n relation to the first aspect are
also provided by the corresponding implementations of the
second aspect.

[0050] Specifically, this may mean that the start position is
different to the end position.

[0051] Optionally, the haptic element 1s configured to
rotate the weighted component between 0 and 360 degrees
relative to an axis of the connected element 1n response to
the trigger event.

[0052] Optionally, the haptic element 1s configured to
rotate the weighted component between 0 and 180 degrees
relative to an axis of the connected element 1n response to
the trigger event.

[0053] Optionally, the trigger event 1s an output from an
application running on a multimedia entertainment system.

[0054] Optionally, the haptic module 1s configured to hold
the weighted component at the end position until a second
trigger event.
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[0055] Optionally, the haptic module 1s configured to hold
the weighted component at the end position for at least 0.5
seconds after rotating the weighted component.

[0056] Optionally, the haptic module 1s configured to
rotate the weighted component in response to a change of
orientation of the haptic module.

[0057] Optionally, the haptic module 1s configured to
rotate the weighted component to counteract the change of
orientation of the haptic module.

[0058] Optionally, the end position of the weighted com-
ponent 1s determined using the orientation of the haptic
module.

[0059] Optionally, the haptic module further comprises an
orientation sensor.

[0060] Optionally, the haptic module further comprises a
processor configured to recerve an mput and further config-
ured to determine an output rotation of the weighted com-
ponent based at least in part on the mput.

[0061] Optionally, the input comprises information relat-
ing to one or more of the trigger event, orientation of the

haptic module, position of the haptic module and speed of
movement of the haptic module.

[0062] Optionally, the haptic module further comprises
one or more motors configured to selectively rotate the
weighted component, and wherein the processor 1s config-
ured to send the determined output rotation to the one or
more motors for actuation.

[0063] Optionally, the haptic module 1s configured to
slowly rotate the weighted component from the start position
to the end position.

[0064] Optionally, rotation of the weighted component 1s
operated at a rotation speed, and the rotation speed 1is
determined at least 1n part by the trigger event.

[0065] Optionally, the rotation speed 1s determined at least
in part by a preset user preference.

[0066] Optionally, the weighted component comprises a
first mass on an arm rotatable relative to a pivot point.
Preferably, the pivot point 1s arranged at a central position of
the haptic module, such that the first mass rotates about the
central position of the haptic module.

[0067] Optionally, the first mass 1s located at a first end of
the arm and the pivot point 1s located at a second end of the
arm opposing the first end.

[0068] Optionally, the weighted component 1s rotatable to
shift the centre of mass of the haptic module along a
longitudinal axis of the haptic module.

[0069] Optionally, the haptic module may include a plu-
rality of weighted components, where the haptic module and
the weighted components are configured 1n the same manner
described above, and the weighted components are indepen-
dently rotatable from each other. Preferably, the plurality of
weighted components are evenly distributed throughout the
haptic module.

[0070] Additional aspects, advantages, features and
objects of the present invention would be made apparent
from the drawings and the detailed description of the 1llus-
trative embodiments construed 1 conjunction with the
appended claims that follow.

[0071] It will be appreciated that features of the present
invention are susceptible to being combined in various
combinations without departing from the scope of the pres-
ent disclosure as defined by the appended claims.
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BRIEF DESCRIPTION OF DRAWINGS

[0072] Embodiments of the present invention are
described below, by way of example only, with reference to
the accompanying drawings, 1n which:
[0073] FIGS. 1A and 1B show a plan view of a controller
for a multimedia entertainment system;

[0074] FIG. 2A shows a haptic module of a controller 1n
a start position, and FIG. 2B shows a plan view of the
controller i1llustrating the centre of mass of the controller;

[0075] FIG. 3A shows the haptic module of the controller
in an end position, and FIG. 3B shows a plan view of the

controller i1llustrating the centre of mass of the controller;

[0076] FIG. 4A shows the haptic module of the controller
in a start position, and FIG. 4B shows a plan view of the
controller illustrating the centre of mass of the controller;
and

[0077] FIG. 5A shows the haptic module of the controller

in an end position when the controller has been rotated, and
FIG. 5B shows a plan view of the rotated controller 1llus-
trating the centre of mass of the controller.

DETAILED DESCRIPTION

[0078] Referring to FIGS. 1A and 1B, a controller 1 for a
multimedia entertainment system 1s shown i1n a plan view.
The controller 1 comprises opposing first and second hand
orips 4, 5 for a user to hold the controller 1, with a
longitudinal axis of the controller 6 (also referred to as the
controller axis 6) defined between the first grip 4 and the
second grip 5. Input elements 2 such as buttons and analogue
sticks are provided on the exterior of the controller 1 as
shown 1n FIG. 1A, and a haptic module 3 of the controller
1 1s shown 1n the view of the controller 1 1n FIG. 1B. The
haptic module 3 1s not used for input from a user, and so 1t
1s preferred that the haptic module 3 1s provided within the
controller 1 body to shield moving parts of the haptic

module 3.

[0079] The haptic module 3 1s configured to provide haptic
feedback to a user of the controller and comprises a
welghted component 10 connected to the controller 1, where
the weighted component 10 1s rotationally moveable relative
to the controller 1. An example of the haptic module 3
comprising the weighted component 10 1s shown 1n FIGS.
2A, 3A, 4A and 5A. The weighted component 10 1s con-
nected to the controller 1 such that rotating the weighted
component 10 also shifts the centre of mass 7 of the
controller 1. This 1s described 1n further detail below.

[0080] Whlst the description of the haptic module 3 is
given, for ease of reference, in the context of a controller 1
as shown i FIG. 1A, it will be apparent that the haptic
module 4 may be comprised in other devices 1n order to
provide enhanced haptic feedback to these devices. For
example, the haptic module 3 may be connected to or
integrated 1n other peripherals for multimedia entertainment
systems, such as headphones or a virtual reality headset.
Similarly, the controller 1 described 1n detail herein 1s just
one example of a controller for which the haptic module 3
1s suitable, and the haptic module 3 1s suitable for use with
other controllers which are not described here 1n detail—
such controllers may have different configurations and
placement of handles and the like. The haptic module 3 1s
not limited to use with any particularly shaped controller.
For example, the haptic module 3 may be comprised 1n a
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controller with only a single hand grip, configured to be held
and operated by only one hand of a user.

[0081] The exemplary controller 1 of FIG. 1A 1s config-
ured to rotate the weighted component 10 and the way the
weighted component 10 1s moved (and halted) can be varied
to control the haptic feedback provided to the user.

[0082] For example, the weighted component 10 may
have a neutral position for any given orientation of the
controller 1 where, when the weighted component 10 1s 1n
this neutral position, there 1s no torque on the controller 1
held by the user. For a given orientation of the controller 1,
when the weighted component 10 1s moved away from the
original neutral position this alters the weight distribution of
the controller 1, moving the centre of mass 7 of the con-
troller 1 and causing gravity to produce a torque produce a
torque on the controller that can be felt by the user. The
produced torque will cause the user to feel the controller 1
leaning 1n their hands, as 1f 1t 1s urging the user’s hands 1n
a particular direction. Keeping the weighted component 10
away Irom the original neutral position will maintain the
leanming eflect experienced by the user unless they rotate the
controller 1 itself mto a second neutral position (1.e. a
position where the new centre of mass 7 of the controller 1
1s again aligned with gravity and there 1s no torque on the
controller 1). In addition, rotation of the weighted compo-
nent 10 can be rapidly accelerated and decelerated to simu-
late a directional impact efiect that can be felt by the user.
The weighted component 10 1s rotated 1n response to a
trigger event, and the nature of the movement of the
weighted component 10 will vary depending on the nature of
the corresponding trigger event.

[0083] Existing haptic modules for controllers, such as
vibration engines, are not intended to alter the weight
distribution of a controller (e.g. to change a controller from
teeling balanced to making the controller feel heavier on one
side). In fact, due to the high frequencies and low amplitudes
these vibration engines oscillate at to achieve their intended
“rumble” effect, they cannot be used to alter the perceived
weight distribution of a controller and have a negligible
cllect on the overall balance of a controller. Existing con-
trollers using haptic modules often distribute several haptic
modules around the controller for the very purpose of
providing haptic feedback without noticeably changing the
feel of the balance of the controller, as the eflect any
individual haptic module can have on the overall weight
distribution 1s therefore limited. Particularly as the oscillat-
ing masses used 1n these modules are biased towards a
balanced position.

[0084] Specific examples of a controller 1 with a haptic
module 3 according to the present invention will now be
described to illustrate the differences and advantages of the
invention over known controllers.

[0085] FIGS. 2A and 3A show detailed views of a haptic
module 3 for the controller 1 of FIGS. 1A and 1B. The haptic
module 3 comprises a weighted component 10 rotatably
connected to the controller (not shown). In this example, the
weighted component 10 comprises a first mass 11 on an arm
13 rotatable relative to a pivot point 12, where the weighted
component 10 1s connected to the controller at the pivot
point 12. The first mass 11 1s located at a first end 14 of the
arm 13, with the pivot point 12 being located at a second end
15 of the arm 13 opposing the first end 14. FIG. 2A shows
the weighted component 10 1n a start position and FIG. 3A
shows the weighted component 10 1n an end position, after
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the weighted component has been rotated relative to the
controller 1. In this example, when the weighted component
10 1s 1n the start position 1t lies along the vertical axis 10
running through the pivot point 12 and parallel to gravity,
and when the weighted component 10 1s in the end position
it 1s located away from the vertical axis 10.

[0086] FIGS. 2B and 3B show a plan view of a controller
1 comprising the weighted component 10 of FIGS. 2A and
3A. FIGS. 2B and 3B correspond to FIGS. 2A and 3A
respectively such that FIG. 2B 1llustrates the location of the
centre ol mass 7 of the controller 1 when the weighted
component 10 1s 1n the start position, and FIG. 3B illustrates
the location of the centre of mass 7 of the controller 1 when
the weighted component 10 1s in the end position. The
controller 1 1s configured to rotate the weighted component
10 from the start position to the end position, thereby
moving the centre of mass 7 of the controller 10. The start
position and the end position of the weighted component 10
are not fixed for a controller 1 and can each be adjusted
between weighted component 10 movements. For example,
the weighted component 10 may rotate from a first start
position to a first end position, stop rotating at the first end
position, and then rotate again (1in the same direction or a
different direction) from the first end position (i.e. a second
start position) to a second end position.

[0087] To provide the most effective haptic feedback, the
controller 10 1s configured to rotate the weighted component
10 (from a start position to an end position) 1n response to
a trigger event, with an output rotation of the weighted
component 10 determined based at least 1n part on the trigger
event. This means the controller 1 1s configured to shift the
centre ol mass 7 of the controller 1 1n response to a trigger
event.

[0088] The trigger event may be a virtual event that occurs
in an application running on the multimedia entertainment
system; or the trigger event may be a real event such as the
actuation of an input element 2 of the controller 1. The
virtual event can also be considered an output from the
application. The output from the application 1s used as (part
ol) an mput for the controller 1 (erther directly or indirectly)
and 1s used to determine an output rotation of the weighted
component 10. For example, the trigger event may be a
virtual character swinging a sword in the application running,
on the system, and so the controller 1 1s configured to rotate
the weighted component 10 1n response to the sword swing-
ing—adjusting the weight distribution of the controller 1 to
simulate the weight of the sword moving with respect to the
virtual character.

[0089] The controller 1 may determine the output rotation
of the weighted component 10 itselt, based at least in part on
the 1nput, using a processor (not shown) of the controller 1.
Alternatively, the output rotation can be determined by the
multimedia entertainment system the controller 1 1s used
with, or by a server or cloud service, and transmitted to the
controller 1. The mnput used to determine the output rotation
includes imnformation relating to the trigger event and/or the
controller 1. The weighted component 10 can be rotated
using a variety of mechanisms, including using one or more
motors (not shown) comprised in the controller 1 and
configured to receive the determined output rotation and
selectively rotate the weighted component 10 based on the
output rotation.

[0090] When the weighted component 10 1s away from the
vertical axis 20, such that the centre of mass 7 of the
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controller 1 1s also away from the vertical axis 20, a user
holding the controller 1 will feel the controller 1 leaning in
the direction of the centre of mass 7 as the controller 1
attempts to rotate to align the centre of mass 7 with the
vertical axis 20 again. This 1s shown 1n FIG. 3B, where the
controller 1 attempts to rotate clockwise as a greater pro-
portion of the mass of the controller 1 1s closer to the second
orip 5 than 1s close to the first grip 4, and so a user holding
the controller 1 will feel the controller “leaning” towards the
second hand grip 5. The controller 1 will feel heavier near
the second hand grip 5 than it does near the first hand grip
4. Preferably, when a leaning sensation of the controller 1 1s
desired, the weighted component 10 i1s held at the end
position for an extended period (e.g. at least 0.5 seconds) to
ensure a user holding the controller 1 notices the change 1n
weight distribution and leaning sensation provided by the
controller 1. However, the skilled person will appreciate that
the weighted component 10 may be held 1n the end position
for any given period of time and this will vary depending on
the trigger event that led to the rotation of the weighted
component 10.

[0091] The leaming sensation of the controller 1 discussed
above can be used to enhance a user’s experience of using
the controller 1 1n a range of ways. In one example, when the
controller 1 1s used with a video game application that
includes car racing, the weighted component 10 can be
configured to rotate when the car 1s turning (1.e. a trigger
cvent 1s the car turning). In this virtual car racing example,
the weighted component 10 may be configured to move in
the direction the car 1s turning (1.e. the virtual car turns to the
lett and the weighted component 10 rotates to move the
centre of mass 7 of the controller towards the left side of the
controller 1) to simulate the steering wheel of the virtual car.
Alternatively, the controller 1 may be configured to move
the weighted component 10 1n the opposite direction to the
direction the car i1s turning, to simulate the G-force that
would be experienced by the driver of the virtual car. In
another example, when the controller 1 1s used with a video
game application that includes controlling a walking char-
acter, a trigger event 1s the character taking a step and the
weilghted component 10 may be configured to rotate towards
one side of the controller 1 in time with the to simulate that
character limping as they walk 1n the video game.

[0092] As well as providing a leaning sensation, the con-
troller 1 can be configured to rotate the weighted component
10 to provide an mmpact eflect, imparting a directional
impact sensation to a user holding the controller 1. When
holding the controller 1, the impact eflect will feel to a user
as 1f the controller 1 1s suddenly jerked in a particular
direction. This impact sensation i1s provided by rotating the
weighted component 10 and rapidly decelerating the
weighted component 10 (1.e. slowing and/or stopping the
rotation) to transfer the momentum acquired the moving
weighted component 10 to the connected controller 1. The
nature of the impact effect can be highly customised by
controlling, for example, the speed at which the weighted
component 10 1s rotating, the mass of the weighted compo-
nent 10, the rate of deceleration of the weighted component
10 and the angular position at which the weighted compo-
nent 10 1s slowed. Rotation of the weighted component 10
may also be quickly reversed to limit the impact eflect.
Using FIG. 3A as an example illustrating the weighted
component 10 in the end position, when the weighted
component 10 has been rotating anticlockwise and rapidly
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decelerated to stop moving at the illustrated end position, the
momentum of the weighted component 10 will be trans-
terred to the controller 1 and provide an impact eflect 1n the
direction of the upper right corner of FIG. 3A. Using a
similar example to that described above, where the control-
ler 1 1s used with a car racing video game application, a
trigger event corresponding to an impact sensation may be
the car crashing (with another car or a barrier etc), such that
the weighted component 1 1s rapidly accelerated and decel-
crated between the start and end positions, causing the
controller 1 to jerk in the direction of the crash and simulate
the car’s loss of momentum.

[0093] The controller 1 may also be configured to rotate
the weighted component 10 1n response to movement of the
controller 1, for example 1n response to a change of orien-
tation of the controller 1. In these embodiments, the move-
ment of the controller 1 itself may be considered a trigger
event as described above, though 1t will be appreciated that
the movement of the controller 1 can be a trigger event in
addition to other types of trigger events (both virtual and
real).

[0094] An example of the trigger event being a change of
orientation of a controller 1 1s shown 1n FIGS. 4A, 4B, 5A,
and SB, where FIGS. 4A and 4B show the controller 1 (and
in particular the haptic module 3 of the controller 1) in a first
orientation and FIGS. 5A and 5B show the same controller
1 (and the same haptic module 3) in a second ornentation. In
FIGS. 4A and 4B, the controller 1 1s held horizontally with
the controller axis 6 perpendicular to the vertical axis 20 of

gravity and the centre of mass 7 of the controller 1 centrally
located along the length of the controller axis 6. This first
orientation 1s considered the default ornientation and the
controller 1 will feel balanced when held by user. In FIGS.
S5A and 5B, the controller 1 has been rotated to the second
orientation and the controller axis 6 1s no longer perpen-
dicular to the vertical axis 20. However, 1n response to this
trigger event of the controller 1 rotating, the controller 1 has
rotated the weighted component 10 to counteract the change
ol orientation of the controller 1 such that the centre of mass
7 of the controller 1 remains aligned with the vertical axis 6.
This means that the controller 1 will continue to feel
balanced to a user holding 1t, and the user holding the
controller 1 1n the second orientation will not feel the
controller 1 leaning away from the vertical axis 20. This
makes the controller 1 more comiortable for the user to hold
in an orientation that 1s not the default orientation.

[0095] The movement and orientation of the controller 1
can be detected through a variety of mechanisms. For
example, the controller 1 may comprise an orientation
sensor and/or an accelerometer. The movement of the con-
troller 1 can also be detected using sensors of the multimedia
entertainment system used with the controller 1, or other
peripherals 1n communication with the system and/or con-
troller 1.

[0096] The current state of the controller 1 (1.e. the move-
ment and orientation of the controller 1) can also be used to
determine output rotations of the weighted component 10
other than moving the weighted component 10 directly 1n
response to movement of the controller 1. One technique 1s
to ensure the actual distribution of weight of the controller
1 1n response to a trigger event produces the haptic feedback
intended for that trigger event. This 1s achieved by moving
the haptic module(s) 3 such as the weighted component 10
and/or adjusting the weight distribution of the controller 1
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with respect to a reference point other than that of the
controller 1, for example with respect to the vertical axis 20
of gravity.

[0097] When preparing haptic feedback in response to a
trigger event 1n an application, the developers of the appli-
cation will expect the controller 1 1s held by a user 1n a given
state such as the default orientation discussed above. This
means that the developers can create bespoke haptic feed-
back for the application that dramatically improve the expe-
rience of controlling the application (e.g. playing a video
game application). However, the controller 1 can be held at
many different angles and positions other than the expected
state which may lead to the weight distribution being altered
(1n response to trigger events) 1n a manner that distracts the
user, rather than enhancing their experience. An example 1s
described to 1llustrate this; a controller 1 1s used to control
an application displayed on a monitor and there 1s a trigger
event with corresponding haptic feedback intended to impart
a leftward leaning sensation to controller 1 (relative to the
vertical axis). When the controller 1 1s held in the default
orientation shown in FIG. 4B, the output rotation of the
weilghted component 10 1n response to the trigger event 1s to
rotate the weighted component 10 towards the first hand grip
4 and hold 1t at that end position. This shifts the centre of
mass 7 of the controller 1 towards the lett of the vertical axis
20 and causes the controller 1 to lean to the left of the
vertical axis 20. However, when the same controller 1 1s held
such that the controller axis 6 is parallel to the vertical axis
20 (and the arm 13 of the weighted component 10 1is
perpendicular to the vertical axis 20), if the weighted com-
ponent 10 1s rotated 1n the same way (towards the first grip
4) then 1t will shift the centre of mass 7 of the controller 1
to be 1n line with the vertical axis 20 and the controller 1 will
not lean to eirther side. By taking into account the current
state of the controller 1 (1n particular the current orientation
of the controller 1) during the trigger event, the end position
of the weighted component 10 can be determined waith
respect to the vertical axis 20 and the weighted component
10 can be rotated to and held at this end position, producing
the intended leaning sensation regardless of the controller 1
orientation.

[0098] Though the above exampled discusses haptic feed-
back i1n response to a trigger event in an application, the
skilled person will appreciate that this also applies to any
haptic feedback by a controller 1 for a multimedia enter-
tainment system.

[0099] Having described aspects of the disclosure 1n
detail, it will be apparent that modifications and variations
are possible without departing from the scope of aspects of
the disclosure as defined 1n the appended claims. As various
changes could be made 1n the above methods and products
without departing from the scope of aspects of the disclo-
sure, 1t 1s 1ntended that all matter contained in the above
description and shown 1n the accompanying drawings shall
be mterpreted as illustrative and not 1n a limiting sense.

1. A controller for a multimedia entertainment system, the
controller comprising:

a weighted component connected to the controller,
wherein the weighted component 1s rotationally mov-
able relative to the controller; and

wherein the controller 1s configured to rotate the weighted
component from a start position to an end position to
shift the center of mass of the controller 1n response to
a trigger event.
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2. The controller of claim 1, wherein the start position 1s
different to the end position.

3. The controller of claim 2, wherein the controller 1s
configured to rotate the weighted component between 0 and
180 degrees relative to an axis of the controller 1n response
to the trigger event.

4. The controller of claim 1, wherein the controller i1s
configured to rotate the weighted component between 0 and
360 degrees relative to an axis of the controller in response
to the trigger event.

5. The controller of claim 1, wherein the trigger event 1s
an output from an application running on a multimedia
entertainment system.

6. The controller of claim 1, wherein the controller 1s
configured to hold the weighted component at the end
position until a second trigger event.

7. The controller of claim 1, wherein the controller 1s
configured to hold the weighted component at the end
position for at least 0.5 seconds after rotating the weighted
component.

8. The controller of claim 1, wherein the controller i1s
configured to rotate the weighted component 1n response to
a change of orientation of the controller.

9. The controller of claim 8, wherein the controller 1s
configured to rotate the weighted component to counteract
the change of orientation of the controller.

10. The controller of claim 1, wherein the end position of
the weighted component 1s determined using an orientation
ol the controller.

11. The controller of claam 10, wherein the controller
further comprises an orientation sensor.

12. The controller of claim 1, further comprising a pro-
cessor configured to:

receive an nput; and

determine an output rotation of the weighted component

based at least 1n part on the input.

13. The controller of claim 12, wherein the mput com-
prises information relating to one or more of the trigger
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event, an orientation ol the controller, a position of the
controller, or a speed of movement of the controller.

14. The controller of claim 12, further comprising one or
more motors configured to selectively rotate the weighted
component, wherein the processor 1s configured to send the
output rotation to the one or more motors for actuation.

15. The controller of claim 1, wherein the controller 1s
configured to slowly rotate the weighted component from
the start position to the end position.

16. The controller of claim 1, wherein rotation of the
welghted component 1s operated at a rotation speed deter-
mined at least 1n part by the trigger event.

17. The controller of claim 16, wherein the rotation speed
1s determined at least in part by a preset user preference.

18. The controller of claim 1, wherein the weighted
component comprises a first mass on an arm rotatable
relative to a pivot point.

19. The controller of claim 18, wherein the first mass 1s
located at a first end of the arm and the pivot point 1s located
at a second end of the arm opposing the first end.

20. The controller of claim 1, wherein the weighted
component 1s rotatable to shift the center of mass of the
controller along a longitudinal axis of the controller.

21. The controller of claim 20, further comprising a first
hand grip and a second hand grip, the first and second hand
orips arranged for a user to hold the controller, wherein the
longitudinal axis 1s defined between the first and second
hand grips.

22. A haptic module for a controller for a multimedia
entertainment system, the haptic module comprising:

a weighted component, wherein the weighted component
1s rotationally moveable relative to a connected element
and configured to rotationally move from a start posi-
tion to an end position to shift the center of mass of the
haptic module 1n response to a trigger event, wherein
the weighted component stops moving at the end
position.
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