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A fluidic device controls fluid flow in channel from
a source to a drain. In some embodiments, the fluidic
device comprises a channel and a gate. The channel is
configured to transport a fluid from the source to the drain.
The gate controls a rate of fluid flow in the channel in
accordance with the fluid pressure within the gate. Specifically, the gate is configured to induce a first flow rate
of the fluid in the channel in accordance with a low pressure state of the gate, and a second flow rate of the fluid
in the channel in accordance with a high pressure state
of the gate. In certain embodiments, the first flow rate is
greater than the second flow rate. In alternative embodiments, the second flow rate is greater than the first flow
rate.

Printed by Jouve, 75001 PARIS (FR)

1

EP 3 351 839 A2

Description
BACKGROUND
[0001] The present disclosure generally relates to fluidic devices for head-mounted displays (HMD) and/or
haptic devices, and more specifically to using fluidic devices in virtual reality systems.
[0002] Virtual reality (VR) is a simulated environment
created by computer technology and presented to a user,
such as through a VR system. In some VR systems wearable devices (e.g., glove) allow a user to interact with
virtual objects. Circuitry on such wearable devices can
be complex, bulky, and in some cases heavy. As a result,
conventional wearable devices can detract from a user’s
experience with a VR system.
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SUMMARY
[0003] Embodiments of the disclosed invention include
fluidic devices used in VR, augmented reality (AR) systems, and/or mixed reality (MR) systems. Fluidic devices
are fluid handling devices that function analogous to electronic devices (e.g., an electrical transistor, an electrical
diode, a resistor, a capacitor, etc.). For example, a fluidic
device may be designed such that it operates as a fluidic
transistor. Additionally, fluidic devices are composable,
meaning that fluidic devices may be coupled together to
form a composite fluidic device (e.g., a decoder). In some
embodiments, groups of fluidic devices are coupled together to act as controllers for a haptic apparatuses on
wearable devices (e.g., haptic gloves) for a VR system.
[0004] A fluidic device generally includes a channel
that includes an input (e.g., a source) and an output (e.g.
a drain). The channel directs a fluid (e.g., liquid or gas)
from the input to the output. The fluidic device also includes a gate that affects the flow of fluid in the channel.
For example, in some embodiments, once a threshold
gate pressure is achieved (i.e., a high pressure state),
the gate may restrict the fluid flow in the channel. In alternate embodiments, the flow in the channel is restricted
until a threshold pressure (i.e., the high pressure state)
in the gate is achieved.
[0005] In some embodiments, a fluidic device comprises a channel and a gate. The channel is configured to
transport a fluid from a source to a drain. In such embodiments, the source is an input for fluid to enter the channel
and the drain is an output for fluid to exit the channel.
The gate controls a rate of fluid flow between the source
and the drain in accordance with the fluid pressure within
the gate. Specifically, the gate is configured to induce a
first flow rate of the fluid in the channel in accordance
with a low pressure state of the gate, and a second flow
rate of the fluid in the channel in accordance with a high
pressure state of the gate. In certain embodiments, the
first flow rate is greater than the second flow rate. In alternative embodiments, the second flow rate is greater
than the first flow rate.
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[0006] In one embodiment, a wearable device is implemented in a system for providing VR, AR, MR, or some
combination thereof, experience to a user who wears the
device. In more detail, the wearable device provides haptic feedback to the user in response to instructions from
a console of the system. The wearable device includes
at least one actuator, and a controller. The controller is
composed of a plurality of fluidic devices, including at
least one fluidic device described herein. In some embodiments, the fluidic devices are coupled together to
form one or more composite fluidic devices. For example,
a composite device may be a decoder that is used to
address the at least one actuator.
[0007] Embodiments according to the invention are in
particular disclosed in the attached claims directed to fluidic devices, wherein any feature mentioned in one claim
category, e.g. fluidic device, can be claimed in another
claim category, e.g. method, storage medium, system,
and computer program product, as well. The dependencies or references back in the attached claims are chosen
for formal reasons only. However any subject matter resulting from a deliberate reference back to any previous
claims (in particular multiple dependencies) can be
claimed as well, so that any combination of claims and
the features thereof is disclosed and can be claimed regardless of the dependencies chosen in the attached
claims. The subject-matter which can be claimed comprises not only the combinations of features as set out in
the attached claims but also any other combination of
features in the claims, wherein each feature mentioned
in the claims can be combined with any other feature or
combination of other features in the claims. Furthermore,
any of the embodiments and features described or depicted herein can be claimed in a separate claim and/or
in any combination with any embodiment or feature described or depicted herein or with any of the features of
the attached claims.
[0008] In an embodiment according to the invention, a
fluidic device may comprise:
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a channel configured to transport a fluid from a
source to a drain, wherein the source is an input for
fluid to enter the channel, and the drain is an output
for the fluid to exit the channel; and
a gate that controls a rate of fluid flow between the
source and the drain in accordance with the fluid
pressure within the gate, the gate configured to induce a first flow rate of the fluid in the channel in
accordance with a low pressure state of the gate and
a second flow rate of the fluid in the channel in accordance with a high pressure state of the gate,
wherein the first flow rate is greater than the second
flow rate.
[0009] The gate may comprise a first micro arm and a
second micro arm that are positioned within the channel
between the source and the drain, the first micro arm
may be located on an opposite side of the channel as
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the second micro arm, and when the first micro arm and
the second micro arm are in the low pressure state, the
first micro arm and the second micro arm may be positioned such that a first distance exists between the first
micro arm and the second micro arm within the channel,
thereby forming an opening in the channel between the
source and the drain and inducing the first flow rate of
fluid in the channel, and when the first micro arm and the
second micro arm are in the high pressure state, the first
micro arm and the second micro arm may be positioned
such that a second distance that is less than the first
distance exists between the first micro arm and the second micro arm, thereby restricting the opening within the
channel and inducing the second flow rate of the fluid in
the channel.
[0010] The first micro arm and the second micro arm
may be comprised of a material such that the first micro
arm and the second micro arm have a fixed shape and
size.
[0011] The gate may comprise at least one chamber
whose volume expands with fluid pressure within the
chamber, wherein a high pressure state of the gate may
correspond to a first chamber size, and a low pressure
state of the gate may correspond to a second chamber
size that is smaller than the first chamber size, and the
first chamber size may be associated with the second
flow rate, and the second chamber size may be associated with the first flow rate.
[0012] In an embodiment according to the invention, a
fluidic device may comprise a rigid body located external
to the channel between the source and the drain, the rigid
body may comprise a wide side and a narrow side, the
narrow side of the rigid body adjacent to a first side of
the channel, the rigid body may be comprised of a material that is less deformable than a material comprising
the channel such that contact between the rigid body and
the channel may deform the channel.
[0013] The gate may be adjacent to the wide side of
the rigid body, and when the gate is in the high pressure
state, the gate may comprise the first chamber size, forcing the rigid body towards the channel and thereby pinching the channel such that the second flow rate of fluid in
the channel may be induced.
[0014] The rigid body may be fixed in place, and the
gate may comprise a first gate and a second gate that
are both located external to the channel and on a second
side of the channel that may be opposite the first side of
the channel, the first gate located on a first lateral side
of the rigid body and the second gate located on a second
lateral side of the rigid body that may be opposite the first
lateral side, the first gate coupled to the second side of
the channel at a first location and the second gate coupled to a second location, and when the first gate and
the second gate are in the high pressure state, the first
gate and the second gate may comprise the first chamber
size such that the first gate exerts a force at the first location of the second side of the channel and the second
gate exerts a force at the second location of the second
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side of the channel, thereby forcing the second side of
the channel towards the first side of the channel, causing
the fixed rigid body to pinch the channel such that the
second flow rate of fluid in the channel may be induced.
[0015] In an embodiment according to the invention, a
fluidic device may comprise a valve structure that may
control fluid flow between the source and the drain in
accordance with the fluid flow rate within the channel,
the valve apparatus may be configured to close when a
fluid flow rate from the drain towards the source exceeds
a threshold value.
[0016] The valve structure may comprise a first micro
arm and a second micro arm positioned within the channel between the source and the drain, the first micro arm
may be located on an opposite side of the channel as
the second micro arm, and closing the valve apparatus
may comprise the first micro arm and the second micro
arm contacting one another within the channel.
[0017] The fluidic device may be part of a decoder configured to receive inputs in the form of fluid pressure and
to output decoded instructions to one or more haptic apparatuses included in a haptic glove, the haptic apparatuses may be configured to provide haptic feedback in
accordance with instructions received from the decoder.
[0018] In an embodiment according to an invention, a
fluidic device may comprise:
a channel configured to transport a fluid from a
source to a drain, wherein the source is an input that
fluid enters the channel, and the drain is an output
for the fluid in the channel; and
a gate that controls a rate of fluid flow between the
source and the drain in accordance with the fluid
pressure within the gate, the gate configured to induce a first flow rate of the fluid in the channel in
accordance with a low pressure state of the gate and
a second flow rate of the fluid in the channel in accordance with a high pressure state of the gate,
wherein the second flow rate is greater than the first
flow rate.
[0019] The gate may comprise at least one chamber
whose volume expands with fluid pressure within the
chamber, a high pressure state of the gate may correspond to a first chamber size, and a low pressure state
of the gate may correspond to a second chamber size
that may be smaller than the first chamber size, and the
first chamber size may be associated with the first flow
rate, and the second chamber size may be associated
with the second flow rate.
[0020] The gate may comprise an outer ring and an
inner ring, the outer ring may be located external to the
channel between the source and the drain and surrounding the channel, the inner ring may be positioned within
the channel between the source and the drain, the inner
ring may comprise an aperture with a diameter, when the
outer ring is in the low pressure state, the diameter of the
aperture of the inner ring may be a first distance, thereby

5

EP 3 351 839 A2

inducing the second flow rate of the fluid in the channel,
and when the outer ring is in the high pressure state, the
outer ring may exert pressure on the channel, thereby
deforming the channel and causing the diameter of the
aperture of the inner ring to increase to a second distance
that may be greater than the first distance, thereby creating an opening in the channel between the source and
the drain and inducing the first flow rate of the fluid in the
channel.
[0021] The gate may comprise a hollow ring surrounding the channel, the hollow ring may comprise an outer
surface and an inner surface, a circumference of the outer
surface greater than a circumference of the inner surface,
the inner surface circumscribing the channel, the outer
surface may be connected to the inner surface by connectors, the connectors may comprise rigid objects with
a fixed shape and size and maintaining a fixed distance
between the outer surface and the inner surface, when
the gate is in the low pressure state, the gate may constrict the channel, thereby inducing the second flow rate
of fluid in the channel, and when the gate is in the high
pressure state, the gate may expands around the channel, thereby inducing the first flow rate of the fluid in the
channel.
[0022] The fluidic device may be part of a decoder configured to receive inputs in the form of fluid pressure and
to output decoded instructions to one or more haptic apparatuses included in a haptic glove, the haptic apparatuses may be configured to provide haptic feedback in
accordance with instructions received from the decoder.
[0023] In a further embodiment of the invention, a, in
particular computer-implemented, method uses a fluidic
device or system according to the invention or any of the
above mentioned embodiments.
[0024] In a further embodiment of the invention, one
or more computer-readable non-transitory storage media
embody software that is operable when executed to perform in a fluidic device or a system according to the invention or any of the above mentioned embodiments.
[0025] In an embodiment according to the invention, a
system may comprise: one or more processors; and at
least one memory coupled to the processors and comprising instructions executable by the processors, the
processors operable when executing the instructions to
perform a method according to the invention or any of
the above mentioned embodiments.
[0026] In a further embodiment of the invention, a computer program product, preferably comprising a computer-readable non-transitory storage media, is used in a
fluidic device or a system according to the invention or
any of the above mentioned embodiments.
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is an example diagram of a composite fluidic
device, in accordance with an embodiment.
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6
is cross section of an example fluidic device
including a gate designed to constrict a channel with the gate at a low pressure state, in
accordance with an embodiment.
is a cross section of the example fluidic device
shown in FIG. 2A, with the gate at a high pressure state, in accordance with an embodiment.
is a cross section of an example fluidic device
including a gate designed to regulate fluid
flow through a channel, with the gate at a low
pressure state, in accordance with an embodiment
is a cross section of the example fluidic device
shown in FIG. 3A with the gate at a high pressure state, in accordance with an embodiment.
is a cross section of an example fluidic device
including a gate and a rigid body, with the
gate at a low pressure state, in accordance
with an embodiment.
is a cross section of the example fluidic device
shown in FIG. 4A with the gate at a high pressure state, in accordance with an embodiment.
is a cross section of an example fluidic device
including a gate and a rigid body, with the
gate at a low pressure state, in accordance
with an embodiment.
is an example fluidic device shown in FIG. 5A
with the gate at a high pressure state, in accordance with an embodiment.
is a cross section of an example fluidic device
including a gate designed to constrict a channel with the gate at a low pressure state, in
accordance with an embodiment.
is a cross section of the example fluidic device
shown in FIG. 6A with the gate at a high pressure state, in accordance with an embodiment.
is a cross section of an example gate designed to constrict a channel with the gate at
a low pressure state, in accordance with an
embodiment.
is the cross section of the example gate
shown in FIG. 7A with the gate at a high pressure state, in accordance with an embodiment.
is a cross section of an example fluidic device
with a channel being open, in accordance
with an embodiment.
is a cross section of the example fluidic device
shown in FIG. 8A with the channel being
closed, in accordance with an embodiment.
is an example decoding logic, in accordance
with an embodiment.
is a block diagram of a system environment
including a VR system, in accordance with
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an embodiment.
is an example haptic glove for interacting with
virtual objects, in accordance with an embodiment.
5

[0028] The figures depict embodiments of the present
disclosure for purposes of illustration only. One skilled in
the art will readily recognize from the following description that alternative embodiments of the structures and
methods illustrated herein may be employed without departing from the principles, or benefits touted, of the disclosure described herein.
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[0029] Embodiments of the invention may include or
be implemented in conjunction with an artificial reality
system. Artificial reality is a form of reality that has been
adjusted in some manner before presentation to a user,
which may include, e.g., a virtual reality (VR), an augmented reality (AR), a mixed reality (MR), a hybrid reality,
or some combination and/or derivatives thereof. Artificial
reality content may include completely generated content
or generated content combined with captured (e.g., realworld) content. The artificial reality content may include
video, audio, haptic feedback, or some combination
thereof, and any of which may be presented in a single
channel or in multiple channels (such as stereo video
that produces a three-dimensional effect to the viewer).
Additionally, in some embodiments, artificial reality may
also be associated with applications, products, accessories, services, or some combination thereof, that are used
to, e.g., create content in an artificial reality and/or are
otherwise used in (e.g., perform activities in) an artificial
reality. The artificial reality system that provides the artificial reality content may be implemented on various platforms, including a head-mounted display (HMD) connected to a host computer system, a standalone HMD,
a mobile device or computing system, or any other hardware platform capable of providing artificial reality content to one or more viewers.
[0030] Embodiments of the disclosed invention include
fluidic devices used in Virtual Reality (VR), augmented
reality (AR) systems, and/or mixed reality (MR) systems.
Fluidic devices are fluid handling devices that function
analogous to electronic devices (e.g., an electrical transistor, an electrical diode, a resistor, a capacitor, etc.).
For example, a fluidic device may be designed such that
operates as a fluidic transistor. Additionally, fluidic devices are composable, meaning that fluidic devices may be
coupled together to form a composite fluidic device (e.g.,
a decoder). In some embodiments, groups of fluidic devices are coupled together to act as controllers for a haptic apparatuses on wearable devices (e.g., haptic gloves)
for a VR system.
[0031] A fluidic device generally includes a channel
that includes an input (e.g., a source) and an output (e.g.
a drain). The channel directs a fluid (e.g., liquid or gas)
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from the input to the output. The fluidic device also includes a gate that affects the flow of fluid in the channel.
For example, in some embodiments, once a threshold
gate pressure is achieved (i.e., a high pressure state) the
gate may restrict the fluid flow in the channel. In alternate
embodiments, the flow in the channel is restricted until a
threshold pressure (i.e., the high pressure state) in the
gate is achieved.
[0032] In one embodiment, a wearable device is implemented in a system for providing VR, AR, MR, or some
combination thereof, experience to a user who wears the
device. In more detail, the wearable device providing
haptic feedback to the user in response to instructions
from a console of the system. The wearable device includes at least one actuator, and a controller. The controller is composed of a plurality of fluidic devices. In some
embodiments, the fluidic devices are coupled together
to form one or more composite fluidic devices. For example, a composite device may be a decoder that is used
to address the at least one actuator.
System Overview
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[0033] A composite fluidic device is a device formed
from a plurality of fluidic devices that are coupled together
to form a fluidic circuit (i.e., performs a logical operation).
A fluidic device is a fluid handling device that functions
analogous to electronic devices (e.g., an electrical transistor, an electrical diode, etc.). For example, a fluidic
device may be designed to operate as a fluidic transistor
(analogous to an electrical transistor), a fluidic diode
(analogous to an electrical diode), a fluidic leaky diode,
etc. Various embodiments of fluidic devices are discussed in detail below with regard to FIGs. 2-8.
[0034] Additionally, the fluidic devices are "composable," in that a plurality of fluidic devices may be coupled
together to generate larger structures. As a fluidic device
may be designed to operate as, e.g., a fluidic transistor,
multiple fluidic devices can be coupled together to create
a composite device that performs certain logical functions
in a manner analogous to electrical transistors being
used together to form electrical circuits that perform logical functions (e.g., AND gate). Accordingly, a composite
fluidic device may perform various logic functions including, e.g., an AND function, a NOT function, a NAND function, an OR function, a NOR function, an exclusive OR
function, some other logical function, or some combination thereof. Moreover, multiple composite devices can
be coupled together to form even larger fluidic circuits
(e.g., a decoder, a controller in a haptic glove, etc.). An
embodiment of a composite fluidic device designed to
operate as a decoder is discussed in detail below with
regard to FIG. 9. The composite fluidic device may be
structured to perform combination logic, sequential logic,
or both, or it may be configured to pass values (e.g. a
pass transistor or a pass-gate).
[0035] FIG. 1 is an example diagram of a composite
fluidic device 100, in accordance with an embodiment.
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The composite fluidic device 100 includes a high pressure rail 110, a low pressure rail 120, one or more fluidic
devices 130A and 130B, an input interface 142 and an
output interface 144. The diagram 100 shown in FIG. 1
is merely one example, and in alternative embodiments
not shown, the diagram 100 may include additional/fewer
or different fluidic devices between the high pressure rail
110 and the high pressure rail 120. Likewise, the various
entities of the diagram 100 may differ in different embodiments.
[0036] The high pressure rail 110 is a structure that
provides a fluid at a fixed pressure. The structure is made
out of a material that does not readily deform at this pressure, or in another embodiment it is sufficiently capacitive
that deformation is does to render the device faulty. For
example, the structure may be composed of, e.g., highdurometer PDMS and other polymers. In some embodiments, the structure may be flexible. The structure may
have a circular cross section, a rectangular cross section,
or some other cross section. Alternatively, the structure
may be rigid or semi-rigid. The fixed pressure is relatively
constant. In some embodiments, the high pressure rail
110 is connected to pressurized fluid source, one or more
pumps, or some other device that may be used to ensure
the fluid in the high pressure rail 110 is at the first pressure. The fluid may be a liquid or a gas. For example,
the fluid may be water, deionized water, alcohol, oil,
standard hydraulic fluids, air, and nitrogen. The pressure
of fluid in the high pressure rail 110 is analogous to a rail
voltage for a transistor in an electrical system, such that
fluid flows away from the high pressure rail 110 toward
areas with lower pressure much in the same way that a
rail voltage provide potential for other parts of an electrical
circuit. For example, a typical operating pressure of the
fluid in the high pressure rail 110 can be 1-100
PSI(pounds per square inch).
[0037] The low pressure rail 120 is another structure
that transmits the fluid. The low pressure rail 120 provides
the fluid at a second pressure that is lower than the first
pressure, and is generally at the lowest pressure within
the composite fluidic device 100. The structure is made
out of a material that does not deform at the first pressure.
For example, the structure may be composed of, e.g.,
high-durometer PDMS, and other polymers. The low
pressure rail 120 generally functions as a low pressure
zone such that fluid from other parts of the composite
fluidic device 100 coupled to the low pressure rail 120
flows toward the low pressure rail 120. The pressure of
fluid in the low pressure rail 120 is analogous to an electrical ground in an electrical system. For example, the
pressure of the fluid in the low pressure rail 120 can range
from vacuum to 15 PSI. In one embodiment, the upper
end of the low pressure rail pressure value can be defined
as a difference from the high pressure rail, and in this
case it could be, e.g., 5 PSI below the high rail regardless
of the absolute pressure value of the high rail.
[0038] The fluidic devices 130A, 130B are fluidic devices that function analogous to transistors in electrical

5

10

15

20

25

30

35

40

45

50

55

6

10

systems, for example, a P-channel field-effect transistor
(PFET), or an N-channel field-effect transistor (NFET).
As shown in FIG. 1, each of the fluidic devices 130A,
1030B includes a source, a drain, and a gate. In some
embodiments, there is a channel filled with fluid between
the source and the drain, and the pressure of the fluid in
the source is higher than the pressure of the fluid in the
drain, allowing the flow in the channel to flow from the
source to drain when the channel is open. In one embodiment, when the gate is at a low pressure state, the channel is open; and when the gate is at a high pressure state,
the channel is closed. In another embodiment, when the
gate is at a high pressure state, the channel is in an open
state; and when the gate is at a low pressure state, the
channel is in a closed state.
[0039] An "open" state of the channel refers to a state
when the fluid in the channel is flowing from one end
(e.g., the source) to the other end (e.g., the drain) at some
open threshold rate. For example, the open threshold
rate may be 10cc/s. The measurement "cc/s" used
throughout the specification refers to "cubic-cm/sec." In
contrast, a "closed" state of the channel refers to the state
when the flow of fluid in the channel is less than some
closed threshold rate. In some embodiments, the closed
threshold rate may be zero flow. Alternatively, the closed
threshold rate may be some rate of flow that is lower than
the open threshold rate. For example, the closed threshold rate may be 0.1cc/s. In addition, a "transitionary" state
occurs when the channel transitions from an open state
to a closed state or from a closed state to an open state.
The "open" state of the channel is also referred to as an
"ON" condition of a fluidic device, and the "closed" state
of the channel is also referred to as an "OFF" condition
of a fluidic device.
[0040] A "high pressure" and "low pressure" described
here depends on the fluidic device structures and pressure of the fluid filling the fluidic device. In general, a "low
pressure" is a pressure of the fluid that falls within a low
pressure range, and a "high pressure" is a pressure of
the fluid that falls within a high pressure range. The low
pressure range may be thought of as a "0" and the high
pressure range may be thought of as a "1." Accordingly,
the fluidic devices 130A, 130B may operate digitally using
the fluid at different pressures. Moreover, different components of a fluidic device may have different high pressure ranges and different low pressure ranges. For example, a high pressure range of a gate may be significantly less than a high pressure range of a source. The
range of response times for a channel to open or close
can be from 0.1ms to 30ms.
[0041] The input interface 142 is an interface that enables the fluidic devices 130A, 130B to receive inputs.
In one embodiment, an input to the fluidic device 130 is
fluid at a certain pressure that is applied to certain parts
of the fluidic device that can cause the fluidic device to
be either an "ON" or "OFF" condition. As one example,
the input may be fluid at a certain pressure that is applied
to the gates of the fluid devices 130A, 130B. Similarly,
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the output interface 144 is an interface that enables the
fluidic devices 130A, 130B to provide outputs.
[0042] FIGs. 2A - 5B show various embodiments of
fluidic devices in the condition that when the gate is at a
high pressure state, the channel is closed and the fluidic
devices are in an "OFF" condition.
[0043] FIG. 2A is cross section 200 of an example fluidic device 205 including a gate 210 designed to constrict
a channel 220, the gate 210 at a low pressure state, in
accordance with an embodiment. The fluidic device 205
shown in FIG. 2A and FIG. 2B transits from an open state
to a closed state by increasing fluid pressure at the gate
210, as more fully described below. The fluidic device
205 includes the gate 210, and a channel 220 that receives fluid flowing from a source 230 and outputs the
fluid to a drain 240. In some embodiments, the fluidic
device 205 is the fluidic device 130A or 130B shown in
FIG.1. In one embodiment, the source 230, the drain 240
and the gate 210 are functioning analogous to the source,
drain and gate in a field effect transistor in an electrical
system.
[0044] The channel 220 connects two ends that are
referred to the source 230 and the drain 240, and the
channel 220 is filled with a fluid (e.g., liquid or gas). In
one embodiment, the channel 220 can be a flexible tube
filled with fluid. The channel 220 may have different types
of shapes, sizes and/or be made from different materials.
As one example, the cross section of the channel 220
may be circular, elliptical, square, rectangular, etc. Portions of the channel 220 adjacent to the gate may also
deform to change to a different shape when pressure is
applied by the gate 210. The channel 220 may be composed of materials such as silicone (a type of elastomer),
plastic, etc., and example materials used are polymers
such as PDMS). The size can range from 10um to 3mm.
[0045] The gate 210 is a part of the fluidic device 205
and functions analogous to a gate of an electronic transistor in an electrical system. The gate 210 may have
different shapes, sizes and/or may be made from different materials. As shown in FIG. 2A, the gate 210 has a
circular cross section and encircles the channel 220. The
gate 210 may be inflated by increasing the pressure of
fluid within the gate 210. Similarly, the gate 210 may be
deflated by decreasing the pressure of fluid within the
gate 210. The gate 210 is also positioned close to the
channel 220. For simplicity, the input to the gate 210 is
not shown in FIG. 2A. In some embodiments, the input
to the gate 210 may be from some other fluidic device.
Likewise, in some embodiments, the gate 210 has an
output that is also not shown, and the output of the gate
210 may be coupled to other fluidic devices.
[0046] As shown in FIG. 2A, while the gate 210 is in a
low pressure state, the channel 220 between the source
430 and the drain 440 is open and the fluidic device 205
is in an "ON" condition, allowing fluid in the channel to
flow from the source 230 to the drain 240. An example
pressure range for making a low pressure state is 0-5PSI.
[0047] FIG. 2B is a cross section 250 of the example
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fluidic device 205 shown in FIG. 2A with the gate 210 at
a high pressure state, in accordance with an embodiment. In FIG. 2B, the fluid pressure within the gate 210
is at a high pressure, and at pressurized fluid is such that
the gate 210 has expanded to pinch the channel 220.
The pinched channel 220 is deformed and reduces the
flow rate in the channel 220 to a closed threshold rate
such that the fluidic device 205 is in an "OFF" condition.
An example pressure range for making a high pressure
state is 10-100 PSI.
[0048] During a transitionary period (not shown), the
gate 210 gradually expands (with increasing pressure)
to pinch the channel 220, the part of the channel that is
being pinched by the gate 210 gradually deforms to slow
(and possibly block) the fluid flowing from the source 230
to the drain 240. When the fluid flow reaches a closed
threshold value, the fluidic device 205 is in an "OFF" condition.
[0049] In alternative embodiments not shown in FIG.
2A-2B, the gate 210 may not have a flexible shape that
can expand or shrink with the different pressure applied
within the gate. In this case, instead of expanding to close
the channel 220, extra pressure from outside the gate
210 may be applied to the gate to make the gate move
toward the channel to pinch the channel, causing the
channel to deform and to be closed.
[0050] FIG. 3A is a cross section 300 of an example
fluidic device 305 including a gate 310 designed to regulate fluid flow through a channel 320, with the gate 310
at a low pressure state, in accordance with an embodiment. The fluidic device 305 shown in FIG. 3A and FIG.
3B transits from an open state to a closed state by increasing fluid pressure at the gate 310, as more fully
described below. The fluidic device 305 includes the gate
310, and a channel 320 that receives fluid flowing from
a source 330 and outputs the fluid to a drain 340. In some
embodiments, the fluidic device 300 is the fluidic device
130A or 130B shown in FIG.1.
[0051] Similar to the fluidic device 205 shown in FIG.
2A-2B, the channel 320 of the fluidic device 305 can have
different types of shapes, sizes and can be made from
different kind of materials. Different from the fluidic device
205 shown in FIG. 2A-2B, the gate 310 in FIG. 3A-3B is
a pair of micro arms345A, 345B that are positioned within
the channel 320 instead of external to the channel. In
one embodiment, the gate 310 has a fixed shape and is
not flexible. The gate 310 may be made from different
materials. For example, the gate 310 may also be a fluidic
device filled with fluid but the amount of the fluid and the
pressure within the gate can be controlled to make the
gate a fixed shape and size. For another example, the
gate 310 may be made from other materials that are not
flexible. Accordingly, the gate 310 cannot shrink or expand.
[0052] As shown in FIG. 3A, when the gate 310 is in a
low pressure state, the pair of micro arms345A, 345B are
separated from each other, allowing fluid to flow at an
open threshold rate through the channel 320 such that
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the fluid device 305 is in an "ON" condition.
[0053] FIG. 3B is a cross section 350 of the example
fluidic device 305 shown in FIG. 3A, with the gate 310 at
a high pressure state, in accordance with an embodiment. During a transitionary period (not shown), pressure
is increased at the gate 310 causing the micro arms 345A,
345B to move towards each other. Once the gate pressure reaches a high pressure state, the micro arms 345A,
345B have reduced the pressure within the channel 320
to a low pressure state. In some embodiments, a low
pressure state is such that there is zero flow rate of the
fluid between the source 320 and the drain 330. When
the fluid flow in the channel 320 reaches a closed threshold value, the channel 320 the fluidic device 305 is in an
"OFF" condition.
[0054] FIG. 4A is a cross section 400 of an example
fluidic device 405 including a gate 410 and a rigid body
445, with the gate 410 at a low pressure state, in accordance with an embodiment. The fluidic device 405 shown
in FIG. 4A-4B transits from an "ON" condition to an "OFF"
condition when pressure in the gate 410 is increased to
a high pressure state. The fluidic device 405 includes the
gate 410, a channel 420 that receives fluid flowing from
a source 430 and outputs the fluid to a drain 440. In some
embodiments, the fluidic device 405 is the fluidic device
130A or 130B shown in FIG. 1.
[0055] The fluidic device 405 also includes a rigid body
445 that has a relatively wide side 446 and a relatively
narrow side 447, and thus facilitates a concentration of
force applied over the wide side 446 to the portion of the
channel in contact with the narrow side 447. The rigid
body 445 is positioned between the channel 420 and the
gate 410 with the narrow side 447 adjacent to the channel
420 and the wide side 446 adjacent to the gate 410. The
rigid body 445 is generally composed of a material that
is less deformable than the channel 420, such that the
channel pressing against the rigid body 445 reduces the
fluid flow rate within the channel 420. If pressure is increased within the gate 410 to a closed threshold pressure, the increased pressure causes the rigid body 445
to pinch the channel 420 to cause a corresponding drop
in the fluid flow rate within the channel 420. With this
configuration of the rigid body 445, a relatively small pressure applied on the gate 410 and transferred to the wide
part 446 of the rigid body results in a relatively large pressure that the narrow part 447 of the rigid body applies to
the channel 420. In some embodiments, the ratio of areas
between the wide side 446 of the rigid body 445 and the
narrow side 447 of the rigid body partly determines how
much pressure that should be applied to the gate 410 to
close the channel 420.
[0056] Similar to the fluidic devices shown in FIG. 2A3B, the channel 420 of the fluidic device 405 can have
different types of shapes, sizes and can be made from
different kind of materials. As described above, the gate
410 is positioned adjacent to the wide side 446 of the
rigid body 445. As shown in FIG. 4A, when the gate 410
is in a low pressure state, the gate does not push the
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rigid body 445 to pinch the channel 420, allowing the fluid
within the channel 420 to flow at an open threshold rate
(i.e., the fluid device 405 is in an "ON" condition).
[0057] FIG. 4B is a cross section 450 of the example
fluidic device 405 shown in FIG. 4A, with the gate 410 at
a high pressure state, in accordance with one embodiment. In FIG. 4B, the pressure applied to the gate 410 is
large enough to cause the gate 410 to push towards the
rigid body 445, and to further make the narrow side 447
of the rigid body pinch the channel 420, which makes the
channel to deform to reduce the flow of the fluid inside
the channel. As the pressure applied to the gate 410 increases, the flow in the channel 420 is reduced. Once
the gate 410 reaches a high pressure state, the fluid in
the channel 420 is at a closed threshold rate, and the
fluidic device 405 is in an "OFF" condition.
[0058] FIG. 5A is a cross section 500 of an example
fluidic device 505 including a gate 510 and a rigid body
545, with the gate 510 at a low pressure state, in accordance with an embodiment. The fluidic device 505 shown
in FIG. 5A-5B transits from an "ON" condition to an "OFF"
condition when pressure in the gate 510 is increased to
a high pressure state. The fluidic device 505 includes the
gate 510, a channel 520 that receives fluid flowing from
a source 530 and outputs the fluid to a drain 540. In some
embodiments, the fluidic device 505 is the fluidic device
130A or 130B shown in FIG. 1.
[0059] The fluidic device 505 also includes a rigid body
545 positioned external and adjacent to the channel 520.
The rigid body 545 is generally composed of a material
that is less deformable than the channel 520, such that
the channel pressing against the rigid body 545 reduces
the fluid flow rate within the channel 520. The rigid body
may have a triangular cross section, or some other cross
section. The gate 510 comprises at least one chamber
whose volume expands with fluid pressure within the
chamber. If pressure is increased at the gate 510 to a
closed threshold pressure, the increased pressure causes the gate 510 to expand and place pressure on the
channel 520, thereby causing the channel 520 to move
towards the rigid body 545, and the shape of the rigid
body 545 causes a corresponding drop in the fluid flow
rate within the channel 520.
[0060] Similar to the fluidic devices shown in FIG. 2A4B, the channel 520 of the fluidic device 505 can have
different types of shapes, sizes and can be made from
different kind of materials. The gate 510 includes one or
more locations (e.g., 547A, 547B) that are positioned external to the channel 520 and opposite to the rigid body
545. In one embodiment, the gate 510 is coupled to a
wall of the channel 520 at the locations 547A, 547B, in
a manner where an increased fluid pressure in the gate
510 causes gate 510 expansion which results in a force
towards the side of the channel 520 that is adjacent to
the rigid body 545. As shown in FIG. 5A, when the gate
510 is in a low pressure state, the gate (two blocks) does
not expand towards the channel 520 to pinch the channel
520, allowing the fluid within the channel 520 to flow at
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an open threshold rate (i.e., the fluid device 505 is in an
"ON" condition).
[0061] FIG. 5B is a cross section 550 of the example
fluidic device 505 shown in FIG. 5A, with the gate 510 at
a high pressure state, in accordance with one embodiment. In FIG. 5B, the pressure applied to the gate 510 is
large enough to cause the gate 510 to expand towards
the channel 520, and with the rigid body 545 in a fixed
position, the part of the channel that is pressed by the
rigid body 545 is deformed to reduce the flow rate of the
fluid in the channel 520. As the fluid pressure of the gate
510 increases, the flow in the channel is reduced. Once
the gate 510 reaches a high pressure state, the fluid in
the channel 520 is at a closed threshold rate, and the
fluidic device 505 is in an "OFF" condition.
[0062] FIG. 6A through FIG. 7B show various embodiments of fluidic devices in the condition that when a gate
is at a high pressure state, the channel is open and the
fluidic device is in an "ON" condition.
[0063] FIG. 6A is a cross section 600 of an example
fluidic device 605 including a gate 610 designed to constrict a channel 620 with the gate at a low pressure state,
in accordance with an embodiment. The fluidic device
605 shown in FIG. 6A-6B transits from an "OFF" condition
to an "ON" condition after a pressure at the gate 610
reaches a high pressure state. The fluidic device 605
includes the gate 610, a channel 620 that receives fluid
flowing from a source 630 and outputs the fluid to a drain
640. In some embodiments, the fluidic device 605 is the
fluidic device 130A or 130B shown in FIG. 1.
[0064] Similar to the fluidic devices shown in FIG. 2A5B, the channel 620 of the fluidic device 605 can have
different types of shapes, sizes and can be made from
different kinds of materials. The gate 610 may have different types of shapes, sizes or be made from different
materials. As shown in FIG. 6A, the gate 610 is shaped
like a ring that circumscribes a portion of the channel
620. The gate 610 further includes an outer ring 642 and
an inner ring 645. The outer ring 642 is positioned surrounding the channel 620 and the inner ring 645 is positioned within the channel 620. The inner ring 645 comprises an aperture with a diameter. In one embodiment,
the gate 610 has a relatively flexible shape and deforms
with increasing fluid pressure in the gate 610. The amount
of the fluid within the gate 610 can be adjusted by varying
the fluid pressure in the gate 610. After pressure of the
fluid inside the gate 610 is increased, the diameter of the
aperture of the inner ring 645 increases, allowing fluid to
flow through the aperture of the inner ring 645, and thereby allowing fluid to flow through the channel 620 between
the source 630 and the drain 640, as more fully described
below in FIG. 6B.
[0065] As shown in FIG. 6A, when the gate 610 is in a
low pressure state, the diameter of the aperture of the
inner ring 645 is a first distance, such that the flow rate
in the channel 620 is at a closed threshold rate, and the
fluidic device 605 in an "OFF" condition.
[0066] FIG. 6B is a cross section 650 of the example
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fluidic device 605 shown in FIG. 6A, with the gate 610 at
a high pressure state, in accordance with one embodiment. In FIG. 6B, a pressure of the fluid in the outer ring
642 of the gate 610 is increased, thereby deforming the
channel 620 and causing the diameter of the aperture of
the inner ring 645 to increase to a second distance that
is greater than the first distance. As the diameter of the
aperture of the inner ring 645 increases, the flow rate of
the fluid in the channel 620 from the source 630 to the
drain 640 increases. Once the flow rate is at the open
threshold rate, the fluidic device 605 is in an "ON" condition.
[0067] FIG. 7A is a cross section 700 of a gate 710 that
constricts a channel (not shown), with the gate 710 at a
low pressure state, in accordance with an embodiment.
The gate 710 shown in FIG. 7A-7B transits from an "OFF"
condition to an "ON" condition when pressure is applied
to the gate 710 causing an inner surface 715 of the gate
710 to increase. Only the cross section of the gate 710
is shown in FIG. 7A to simplify the description. A channel
(not shown) may run through a center portion 720 of the
gate 710. The channel’s diameter may nominally be larger than the diameter of the center portion illustrate in FIG.
7A, such that a flow rate of a fluid in the channel is at a
closed threshold rate, and a fluidic device would be in an
"OFF" condition.
[0068] The gate 710 may have different types of
shapes, sizes or be made from different materials. As
shown in FIG. 7A, the gate 710 is shaped like a ring that
would be positioned around and against a channel. The
gate 710 further includes an outer surface 730 and multiple connectors 740 connecting the outer surface 730
and the inner surface 715. In some embodiments, the
multiple connectors 740 are rigid objects that have a fixed
shape and size and do not deform with increased fluid
pressure within the gate 710. The multiple connectors
740 maintain a fixed distance 745 between the outer surface 730 and the inner surface 715 with connectors 740
with increasing pressure in the gate 710.
[0069] FIG. 7B is the cross section of the example gate
710 shown in FIG. 7A with the gate 710 at a high pressure
state, in accordance with an embodiment. As fluid pressure is increased at the gate 710, the gate 710 expands.
As described above in FIG. 7A, the multiple rigid connectors 740 connect the outer surface 730 and the inner
surface 715 such that the distance 745 remains fixed with
increases in fluid pressure in the gate 710. The increased
fluid pressure causes the expansion of the outer surface
730 and the expansion of the inner surface 715, thereby
increasing the size of the center portion 720. A fluid flow
rate through the center portion 720 would then increase
as it would be less restricted. Once the flow rate of the
channel reaches an open threshold rate, a corresponding
fluidic device would be in an "ON" condition.
[0070] FIG. 8A is a cross section of an example fluidic
device 800 designed to operate as a valve, in accordance
with an embodiment. A valve allows flow in one direction,
but may block reverse flow past a threshold rate. For
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example, the fluidic device 800 includes a channel 810
and allows flow from an input 820 towards an output 830.
Fluid flowing from the input 820 towards the output 830
is a result of a positive pressure gradient (i.e., a pressure
is higher at the input 820 than at the output 830). However, the fluidic device 800 blocks fluid flow from the output 830 toward the input 820 past a threshold flow rate.
Fluid flow from the output 830 toward the input 820, also
referred to as a reverse flow, is a result of a negative
pressure gradient (i.e., a pressure is lower at the input
820 than at the output 830). Similar to the embodiments
shown in FIG. 2A through FIG. 7B, the channel 810 can
have different types of shapes, sizes and/or be made
from different materials.
[0071] The fluidic device 800 includes a valve structure
840. The valve structure 840 comprises a pair of micro
arms 845A and 845B that are positioned within the channel 810. When a flow rate from the output 830 towards
the input 820 exceeds some threshold value, the micro
arm 845A contacts the micro arm 845B within the channel, thereby closing the valve apparatus 840. In one embodiment, the value structure 840 may be composed
from, e.g., materials such as silicone or plastic. The valve
structure 840 may have a relatively fixed shape, in which
case the valve structure 840 does not expand or shrink,
and simply close off the fluid flow if a reverse fluid flow
occurs that is more than the threshold value.
[0072] As shown in FIG. 8A, when a fluid flow rate from
the output 830 towards the input 820 is below a threshold
value, the pair of micro arms 845A, 845B are separated
from each other, allowing fluid to flow at an open threshold rate through the channel 810 such that the fluid device
805 is in an "ON" condition. Different from the embodiments shown in FIG. 2A-2B through FIG.7A-7B, the fluidic device 800 shown in FIG. 8A functions analogous to
a diode instead of field-effect transistors. Moreover, by
designing the valve structure 840 to allow reverse flow
up to a particular threshold value, the fluidic device 800
may operate analogous to a leaky diode. In FIG. 8A, the
channel 810 is open, and the fluidic device 800 is in an
"ON" condition.
[0073] FIG. 8B is the example fluid device 805 shown
in FIG. 8A with the channel 810 being closed, in accordance with an embodiment. As shown in FIG. 8B, there is
a negative pressure gradient that causes the pair of micro
arms 845A, 845B to move towards another (and in some
embodiments contact one another), causing the valve
apparatus 840 to close, and thereby closing the channel
810. In FIG. 8B, the channel 810 is closed, and the fluidic
device 800 is in an "OFF" condition.
[0074] FIG. 9 is an example decoding logic 900, in accordance with an embodiment. The decoding logic 900
shown in FIG. 9 further includes a decoder 910 and a
decoding table 950. The decoder 910 may be a custom
decoder implemented by various combinations of the fluidic devices shown in FIG. 2A-2B through FIG. 8A-8B
that are coupled together and one or more high pressure
rails and low pressure rails. The decoder 910 may be
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generated in a similar manner as one skilled in the art
assembles decoder using electrical transistors.
[0075] In this example, the decoder 910 includes two
input channels 912, namely, ’a’ and ’b;’ and four output
channels 914, namely, ’c’, ’d’, ’e’, and ’f’. In alternative
embodiments not shown, a decoder can have different
numbers of input channels and output channels. For example, the decoder 910 may have N input channels and
2^N output channels. Additionally, other kinds of decoding logic other than the one shown in FIG. 9 can also be
implemented by the fluidic devices shown in FIG. 2A-2B
through FIG. 8A-8B.
[0076] In some embodiments, as described above in
FIG. 1, the inputs received by the input channels 912 are
a fluid at different pressures, and the values of the inputs
may be pressure values. In one embodiment, the outputs
provided by the output channels 914 may also be a fluid
at certain pressures, and the values of the outputs may
be pressure values. In another embodiment, analogous
to a decoder in an electrical system, a specific output
channel 914 is selected out according to the combination
of the inputs received in the input channels. Different
combinations of the pressure values received in the input
channels 912 can result in different outputs, for example,
different pressure values provided by the output channels
914 or a selection of an output channel from the plurality
of output channels.
[0077] In one embodiment, the decoder 910 forming
the decoding logic 900 is an instruction decoder that receives inputs in the form of fluid pressure and output as
decoded instructions to address actuators included in a
haptic assembly, for example, the haptic apparatuses
1120 (e.g., actuators) of the haptic glove 1100 shown in
FIG. 11.
[0078] The decoding table 950 shown in FIG. 9 is an
example table that reflects the permutations of inputs,
namely, a and b, and corresponding outputs, namely, c,
d, e and f. The example shown in FIG.9 shows merely a
demultiplexer, and it generates a one-hot logical output.
In alternative embodiments not shown, other examples
composed by the fluidic devices described above can
include more sophisticated decoders, e.g. ones that hold
state or generate complex output codes. Analogous to a
truth table for a decoder in an electrical system, for example, the possible permutations for {a, b} can be {0,0},
{0,1}, {1,0} and {1,1}, and the corresponding outputs may
be {1,0,0,0}, {0,1,0,0}, {0,0,1,0} and {0,0,0,1}. In this example, the status "1" for the inputs may indicate a high
pressure and the status "0" for the inputs may indicate a
low pressure. The status "1" for the outputs may indicate
a selection of the corresponding output and the status
"0" for the inputs may indicate the corresponding output
is not selected. In alternative embodiments not shown,
the permutations of the inputs and outputs can vary and
the meanings of the inputs and outputs can also vary in
different embodiments.
[0079] FIG. 10 is a block diagram of a system environment including a virtual reality (VR) system, in accord-
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ance with one embodiment. The system environment
1000 shown by FIG. 10 comprises a VR headset 1005,
an imaging device 1035, and a haptic assembly 1040
that are each coupled to the VR console 1010. While
FIG. 1 shows an example system 1000 including one VR
headset 1005, one imaging device 1035, and one VR
input interface 1040, in other embodiments any number
of these components may be included in the system
1000. For example, there may be multiple VR headsets
1005 each having an associated haptic assembly 1040
and being monitored by one or more imaging devices
1035, with each VR headset 1005, haptic assembly 1040,
and imaging devices 1035 communicating with the VR
console 1010. In alternative configurations, different
and/or additional components may be included in the system environment 1000. Additionally, in some embodiments the VR system 1000 may be modified to include
other system environments, such as an AR system environment.
[0080] The VR headset 1005 is a head-mounted display that presents media to a user. Examples of media
presented by the VR head set include one or more images, video, audio, or some combination thereof. In some
embodiments, audio is presented via an external device
(e.g., speakers and/or headphones) that receives audio
information from the VR headset 1005, the VR console
1010, or both, and presents audio data based on the
audio information. The VR headset 1005 may comprise
one or more rigid bodies, which may be rigidly or nonrigidly coupled to each other together. A rigid coupling
between rigid bodies causes the coupled rigid bodies to
act as a single rigid entity. In contrast, a non-rigid coupling
between rigid bodies allows the rigid bodies to move relative to each other. In some embodiments, the VR headset 1005 may also act as an augmented reality (AR)
and/or mixed reality (MR) headset. In these embodiments, the VR headset 1005 augments views of a physical, real-world environment with computer-generated elements (e.g., images, video, sound, etc.).
[0081] The VR headset 1005 includes an electronic
display 1015, an optics block 1018, one or more locators
1020, one or more position sensors 1025, and an inertial
measurement unit (IMU) 1030.
[0082] The optics block 1018 magnifies received light
from the electronic display 1015, corrects optical errors
associated with the image light, and the corrected image
light is presented to a user of the VR headset 1005. An
optical element may be an aperture, a Fresnel lens, a
convex lens, a concave lens, a filter, or any other suitable
optical element that affects the image light emitted from
the electronic display 1015. Moreover, the optics block
1018 may include combinations of different optical elements. In some embodiments, one or more of the optical
elements in the optics block 1018 may have one or more
coatings, such as anti-reflective coatings.
[0083] The locators 1020 are objects located in specific
positions on the VR headset 1005 relative to one another
and relative to a specific reference point on the VR head-
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set 1005. A locator 1020 may be a light emitting diode
(LED), a corner cube reflector, a reflective marker, a type
of light source that contrasts with an environment in which
the VR headset 1005 operates, or some combination
thereof. In embodiments where the locators 1020 are active (i.e., an LED or other type of light emitting device),
the locators 1020 may emit light in the visible band (∼380
nm to 750 nm), in the infrared (IR) band (∼750 nm to 1
mm), in the ultraviolet band (10 nm to 380 nm), some
other portion of the electromagnetic spectrum, or some
combination thereof.
[0084] In some embodiments, the locators 1020 are
located beneath an outer surface of the VR headset 1005,
which is transparent to the wavelengths of light emitted
or reflected by the locators 1020 or is thin enough to not
substantially attenuate the wavelengths of light emitted
or reflected by the locators 1020. Additionally, in some
embodiments, the outer surface or other portions of the
VR headset 1005 are opaque in the visible band of wavelengths of light. Thus, the locators 1020 may emit light in
the IR band under an outer surface that is transparent in
the IR band but opaque in the visible band.
[0085] The IMU 1030 is an electronic device that generates fast calibration data based on measurement signals received from one or more of the position sensors
1025. A position sensor 1025 generates one or more
measurement signals in response to motion of the VR
headset 1005. Examples of position sensors 1025 include: one or more accelerometers, one or more gyroscopes, one or more magnetometers, another suitable
type of sensor that detects motion, a type of sensor used
for error correction of the IMU 1030, or some combination
thereof. The position sensors 1025 may be located external to the IMU 1030, internal to the IMU 1030, or some
combination thereof.
[0086] Based on the one or more measurement signals
from one or more position sensors 1025, the IMU 1030
generates fast calibration data indicating an estimated
position of the VR headset 1005 relative to an initial position of the VR headset 1005. For example, the position
sensors 1025 include multiple accelerometers to measure translational motion (forward/back, up/down,
left/right) and multiple gyroscopes to measure rotational
motion (e.g., pitch, yaw, roll). In some embodiments, the
IMU 1030 rapidly samples the measurement signals and
calculates the estimated position of the VR headset 1005
from the sampled data. For example, the IMU 1030 integrates the measurement signals received from the accelerometers over time to estimate a velocity vector and
integrates the velocity vector over time to determine an
estimated position of a reference point on the VR headset
1005. Alternatively, the IMU 1030 provides the sampled
measurement signals to the VR console 1010, which determines the fast calibration data. The reference point is
a point that may be used to describe the position of the
VR headset 1005. While the reference point may generally be defined as a point in space; however, in practice
the reference point is defined as a point within the VR
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headset 1005 (e.g., a center of the IMU 1030).
[0087] The IMU 1030 receives one or more calibration
parameters from the VR console 1010. As further discussed below, the one or more calibration parameters
are used to maintain tracking of the VR headset 1005.
Based on a received calibration parameter, the IMU 1030
may adjust one or more IMU parameters (e.g., sample
rate). In some embodiments, certain calibration parameters cause the IMU 1030 to update an initial position of
the reference point so it corresponds to a next calibrated
position of the reference point. Updating the initial position of the reference point as the next calibrated position
of the reference point helps reduce accumulated error
associated with the determined estimated position. The
accumulated error, also referred to as drift error, causes
the estimated position of the reference point to "drift"
away from the actual position of the reference point over
time.
[0088] The imaging device 1035 generates slow calibration data in accordance with calibration parameters
received from the VR console 1010. Slow calibration data
includes one or more images showing observed positions
of the locators 1020 that are detectable by the imaging
device 1035. The imaging device 1035 may include one
or more cameras, one or more video cameras, any other
device capable of capturing images including one or
more of the locators 1020, or some combination thereof.
Additionally, the imaging device 1035 may include one
or more filters (e.g., used to increase signal to noise ratio).
The imaging device 1035 is designed to detect light emitted or reflected from locators 1020 in a field of view of
the imaging device 1035. In embodiments where the locators 1020 include passive elements (e.g., a retroreflector), the imaging device 1035 may include a light source
that illuminates some or all of the locators 1020, which
retro-reflect the light towards the light source in the imaging device 1035. Slow calibration data is communicated from the imaging device 1035 to the VR console 1010,
and the imaging device 1035 receives one or more calibration parameters from the VR console 1010 to adjust
one or more imaging parameters (e.g., focal length, focus, frame rate, ISO, sensor temperature, shutter speed,
aperture, etc.).
[0089] The haptic assembly 1040 is a device that allows a user to send action requests to the VR console
1010. An action request is a request to perform a particular action. For example, an action request may be to
start or end an application or to perform a particular action
within the application. The haptic assembly 1040 also
provides haptic feedback including a perception of contacting a virtual object. In one embodiment, the haptic
assembly 1040 includes a plurality of composable fluidic
devices that form one or more composite fluidic devices.
The composite fluidic devices may be used to, e.g., address actuators included in the haptic assembly 1040
according to the haptic feedback signal from the VR console 1010. In one embodiment, as more fully described
below in FIG. 11, the haptic assembly 1040 is a haptic
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glove 1100 through which the VR console 1010 enables
a user to interact with a virtual object.
[0090] In FIG. 10, the haptic assembly 1040 further
includes locators 1070, one or more position sensors
1075, and an inertial measurement unit (IMU) 1080. In
some embodiments, the locators 1070, one or more position sensors 1075, an inertial measurement unit (IMU)
1080 are installed to determine a physical position or
movement of the haptic assembly 1040. In addition, the
haptic assembly 1040 receives, from the VR console
1010, a haptic feedback signal corresponding to haptic
feedback to the user. The haptic assembly 1040 provides
to the user with the haptic feedback of touching a virtual
object in a virtual space, according to the haptic feedback
signal. Specifically, the haptic assembly 1040 prevents
or enables a physical movement of a portion of a user in
contact with the virtual object in the virtual space. For
example, if a user’s finger is in contact with a virtual object
(e.g., a virtual wall) in a virtual space, the haptic assembly
1040 prevents a physical movement of the user finger to
move in a direction through the virtual object in the virtual
space. Accordingly, the user can receive a perception of
contacting the virtual object.
[0091] In one embodiment, the haptic feedback signal
indicates a position or a portion of the haptic assembly
1040 to be actuated, and an amount of actuation of the
position or the portion of the haptic assembly 1040 for
providing haptic feedback. In this embodiment, the
amount of actuation is determined by, e.g., the VR console 1010, according to a virtual position of the haptic
assembly 1040 corresponding to a physical position of
the haptic assembly 1040 and a virtual position of a virtual
object in a virtual space. The haptic assembly 1040 provides tactile perception of a user touching the virtual object according to the amount of actuation indicated by
the haptic feedback signal.
[0092] The locators 1070 are objects located in specific
positions on the haptic assembly 1040 relative to one
another and relative to a specific reference point of the
haptic assembly 1040 on the haptic assembly 1040. A
locator 1070 is substantially similar to a locator 1020 except that a locator 1070 is part of the haptic assembly
1040. Additionally, in some embodiments, the outer surface or other portions of the haptic assembly 1040 are
opaque in the visible band of wavelengths of light. Thus,
the locators 1070 may emit light in the IR band under an
outer surface that is transparent in the IR band but
opaque in the visible band.
[0093] A position sensor 1075 generates one or more
measurement signals in response to motion of the haptic
assembly 1040. The position sensors 1075 are substantially similar to the positions sensors 1025, except that
the position sensors 1075 are part of the haptic assembly
1040. The position sensors 1075 may be located external
to the IMU 1080, internal to the IMU 1080, or some combination thereof.
[0094] Based on the one or more measurement signals
from one or more position sensors 1075, the IMU 1080
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generates fast calibration data of the haptic assembly
1040 indicating an estimated position of the haptic assembly 1040 relative to an initial position of the haptic
assembly 1040. For example, the position sensors 1075
include multiple accelerometers to measure translational
motion (forward/back, up/down, left/right) and multiple
gyroscopes to measure rotational motion (e.g., pitch,
yaw, roll) of the haptic assembly 1040. In some embodiments, the IMU 1080 rapidly samples the measurement
signals and calculates the estimated position of the haptic
assembly 1040 from the sampled data. For example, the
IMU 1080 integrates the measurement signals received
from the accelerometers over time to estimate a velocity
vector and integrates the velocity vector over time to determine an estimated position of a reference point of the
haptic assembly 1040. Alternatively, the IMU 1080 provides the sampled measurement signals to the VR console 1010, which determines the fast calibration data of
the haptic assembly 1040. The reference point of the
haptic assembly 1040 is a point that may be used to describe the position of the haptic assembly 1040. While
the reference point of the haptic assembly 1040 may generally be defined as a point in space; however, in practice
the reference point of the haptic assembly 1040 is defined
as a point within the haptic assembly 1040 (e.g., a center
of the IMU 1080).
[0095] The IMU 1080 receives one or more calibration
parameters of the haptic assembly 1040 from the VR
console 1010. As further discussed below, the one or
more calibration parameters of the haptic assembly 1040
are used to maintain tracking of the haptic assembly
1040. Based on a received calibration parameter of the
haptic assembly 1040, the IMU 1080 may adjust one or
more IMU parameters (e.g., sample rate). In some embodiments, certain calibration parameters of the haptic
assembly 1040 cause the IMU 1080 to update an initial
position of the reference point of the haptic assembly
1040 so it corresponds to a next calibrated position of
the reference point of the haptic assembly 1040. Updating the initial position of the reference point of the haptic
assembly 1040 as the next calibrated position of the reference point of the haptic assembly 1040 helps reduce
accumulated error associated with the determined estimated position.
[0096] The VR console 1010 provides media to the VR
headset 1005 for presentation to the user in accordance
with information received from one or more of: the imaging device 1035, the VR headset 1005, and the haptic
assembly 1040. In the example shown in FIG. 1, the VR
console 1010 includes an application store 1045, a tracking module 1050, and a virtual reality (VR) engine 1055.
Some embodiments of the VR console 1010 have different modules than those described in conjunction with
FIG. 1. Similarly, the functions further described below
may be distributed among components of the VR console
1010 in a different manner than is described here.
[0097] The application store 1045 stores one or more
applications for execution by the VR console 1010. An
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application is a group of instructions, that when executed
by a processor, generates content for presentation to the
user. Content generated by an application may be in response to inputs received from the user via movement
of the VR headset 1005 or the haptic assembly 1040.
Examples of applications include: gaming applications,
conferencing applications, video playback application, or
other suitable applications.
[0098] The tracking module 1050 calibrates the VR
system 100 using one or more calibration parameters
and may adjust one or more calibration parameters to
reduce error in determination of the position of the VR
headset 1005. For example, the tracking module 1050
adjusts the focus of the imaging device 1035 to obtain a
more accurate position for observed locators on the VR
headset 1005. Moreover, calibration performed by the
tracking module 1050 also accounts for information received from the IMU 1030. Additionally, if tracking of the
VR headset 1005 is lost (e.g., the imaging device 1035
loses line of sight of at least a threshold number of the
locators 1020), the tracking module 1050 re-calibrates
some or all of the system environment 100.
[0099] The tracking module 1050 tracks movements
of the VR headset 1005 using slow calibration information
from the imaging device 1035. The tracking module 1050
determines positions of a reference point of the VR headset 1005 using observed locators from the slow calibration information and a model of the VR headset 1005.
The tracking module 1050 also determines positions of
a reference point of the VR headset 1005 using position
information from the fast calibration information. Additionally, in some embodiments, the tracking module 1050
may use portions of the fast calibration information, the
slow calibration information, or some combination thereof, to predict a future location of the headset 1005. The
tracking module 1050 provides the estimated or predicted future position of the VR headset 1005 to the VR engine 1055.
[0100] The VR engine 1055 executes applications
within the system environment 100 and receives position
information, acceleration information, velocity information, predicted future positions, or some combination
thereof of the VR headset 1005 from the tracking module
1050. Based on the received information, the VR engine
1055 determines content to provide to the VR headset
1005 for presentation to the user. For example, if the
received information indicates that the user has looked
to the left, the VR engine 1055 generates content for the
VR headset 1005 that mirrors the user’s movement in a
virtual environment. Additionally, the VR engine 1055
performs an action within an application executing on the
VR console 1010 in response to an action request received from the haptic assembly 1040 and provides feedback to the user that the action was performed. The provided feedback may be visual or audible feedback via
the VR headset 1005 or haptic feedback via the haptic
assembly 1040.
[0101] FIG. 11 is an example haptic glove 1100 for
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interacting with virtual objects, in accordance with an embodiment. The haptic glove 1100 shown in FIG. 11 includes a glove body 1110, a haptic apparatus 1120, a
controller 1130, a tube 1140, one or more locators 1125,
a position sensor 1160 and an IMU 1180. Only one tube
1140, one haptic apparatus 1120, one position sensor
1160 and one IMU 1180 are shown in FIG. 11 to simplify
the description. In alternative embodiments not shown,
the haptic glove 1100 can include multiple tubes, position
sensors and haptic apparatus that are connected to the
controller 1130, for example, for each finger of the haptic
glove 1100, a set of haptic apparatus, position sensors
and IMUs may be connected to the controller. Likewise,
the functions performed by the various entities of the haptic glove 1100 may differ in different embodiments. Additionally, the various entities of the haptic glove 1100
may be positioned in different places on the glove body
1110. As one example, additional haptic apparatuses
1120 and the position sensors 1160 are located at different parts of the glove body 1110. As another example,
the haptic apparatuses 1120 are coupled to or wrap the
entire fingers of the glove body 1110. As another example, the controller 1130 is coupled to a different portion
of the glove body 1110 corresponding to, for example a
wrist or a palm.
[0102] The glove body 1110 is an apparatus covering
a hand, for example, a garment that is coupled to the
position sensor 1160, the haptic apparatus 1120, the controller 1130, and the tube 1140. In one embodiment, the
position sensor 1160 is coupled to a corresponding finger
of the glove body 1110 (e.g., a portion corresponding to
a fingertip of the glove body); the haptic apparatus 1120
is coupled to a corresponding finger portion (e.g., a portion corresponding to a joint between two phalanges) of
the glove body 1110; and the controller 1130 is coupled
to a portion of the glove body 1110 corresponding to a
back of a hand (i.e., dorsal side). The tube 1140 is coupled between the controller 1130 and the haptic apparatus 1120. In one embodiment, one or more of these components are placed beneath an outer surface of the glove
body 1110, thus are not visible from the outside. Additionally or alternatively, some of these components are
placed on an outer surface of the glove body 1110, and
are visually detectable.
[0103] In one embodiment, the haptic glove 1100 may
be the haptic assembly 1040 shown in FIG. 10 and the
locators 1125, the position sensor 1160 and the IMU 1180
of the haptic glove 1100 may be the corresponding locators 1070, position sensors 1075 and IMUs 1080 of the
haptic assembly 1040 shown in FIG. 10. A user’s hand
movement can be detected and tracked according to fast
calibration data from the IMU 1180 and/or slow calibration of the locators 1125 from the imaging device 1035.
Moreover, haptic feedback including a perception of a
user contacting a virtual object can be provided to the
user by the controller 1130, tube 1140, and haptic apparatus 1120.
[0104] The haptic apparatus 1120 provides haptic
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feedback including a perception of a user touching a virtual object. In one embodiment, the haptic apparatus
1120 is actuated according to instructions received from
the controller 1130. In one embodiment, the haptic apparatus 1120 is coupled to a portion corresponding to a
joint between two phalanges of the glove body 1110. In
another embodiment, the haptic apparatus 1120 covers
the entire glove body 1110 or are placed on other parts
(e.g., an area corresponding to a joint between two different fingers) of the glove body 1110. The haptic apparatus 1120 may be, for example, a plurality of actuators.
[0105] The controller 1130 is a device that provides
instructions for the haptic apparatus 1120 to perform specific functions. The controller 1130 may receive instructions or haptic feedback from the VR console 1010 and
actuates the haptic apparatus 1120 accordingly. The
controller 1130 includes a plurality of fluidic devices that
generate instructions for one or more haptic apparatuses
(e.g., actuators). As discussed in detail above, with regard to FIG. 1 and 9 fluidic devices are composable and
may be coupled together to form composite fluidic devices, like, e.g., a decoder. Decoders, for example, can help
reduce a number of logical connections within the controller 1130 and/or connections to the haptic apparatus
1120. Accordingly, the controller 1130 may be composed
of a plurality of fluid devices, including various combinations of those described above with regard to Figs. 2A-9.
Additional Configuration Information
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[0106] The foregoing description of the embodiments
of the disclosure have been presented for the purpose
of illustration; it is not intended to be exhaustive or to limit
the disclosure to the precise forms disclosed. Persons
skilled in the relevant art can appreciate that many modifications and variations are possible in light of the above
disclosure.
[0107] Some portions of this description describe the
embodiments of the disclosure in terms of algorithms and
symbolic representations of operations on information.
These algorithmic descriptions and representations are
commonly used by those skilled in the data processing
arts to convey the substance of their work effectively to
others skilled in the art. These operations, while described functionally, computationally, or logically, are understood to be implemented by computer programs or
equivalent electrical circuits, microcode, or the like. Furthermore, it has also proven convenient at times, to refer
to these arrangements of operations as modules, without
loss of generality. The described operations and their
associated modules may be embodied in software,
firmware, hardware, or any combinations thereof.
[0108] Any of the steps, operations, or processes described herein may be performed or implemented with
one or more hardware or software modules, alone or in
combination with other devices. In one embodiment, a
software module is implemented with a computer program product comprising a computer-readable medium
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containing computer program code, which can be executed by a computer processor for performing any or all
of the steps, operations, or processes described.
[0109] Embodiments of the disclosure may also relate
to an apparatus for performing the operations herein.
This apparatus may be specially constructed for the required purposes, and/or it may comprise a general-purpose computing device selectively activated or reconfigured by a computer program stored in the computer. Such
a computer program may be stored in a non-transitory,
tangible computer readable storage medium, or any type
of media suitable for storing electronic instructions, which
may be coupled to a computer system bus. Furthermore,
any computing systems referred to in the specification
may include a single processor or may be architectures
employing multiple processor designs for increased computing capability.
[0110] Embodiments of the disclosure may also relate
to a product that is produced by a computing process
described herein. Such a product may comprise information resulting from a computing process, where the information is stored on a non-transitory, tangible computer
readable storage medium and may include any embodiment of a computer program product or other data combination described herein.
[0111] Finally, the language used in the specification
has been principally selected for readability and instructional purposes, and it may not have been selected to
delineate or circumscribe the inventive subject matter. It
is therefore intended that the scope of the disclosure be
limited not by this detailed description, but rather by any
claims that issue on an application based hereon. Accordingly, the disclosure of the embodiments is intended
to be illustrative, but not limiting, of the scope of the disclosure, which is set forth in the following claims.

source and the drain, the first micro arm located on
an opposite side of the channel as the second micro
arm, and wherein when the first micro arm and the
second micro arm are in the low pressure state, the
first micro arm and the second micro arm are positioned such that a first distance exists between the
first micro arm and the second micro arm within the
channel, thereby forming an opening in the channel
between the source and the drain and inducing the
first flow rate of fluid in the channel, and wherein
when the first micro arm and the second micro arm
are in the high pressure state, the first micro arm and
the second micro arm are positioned such that a second distance that is less than the first distance exists
between the first micro arm and the second micro
arm, thereby restricting the opening within the channel and inducing the second flow rate of the fluid in
the channel.
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3.

The fluidic device of claim 2, wherein the first micro
arm and the second micro arm are comprised of a
material such that the first micro arm and the second
micro arm have a fixed shape and size.
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4.

The fluidic device of any of claims 1 to 3, wherein
the gate comprises at least one chamber whose volume expands with fluid pressure within the chamber,
wherein a high pressure state of the gate corresponds to a first chamber size, and a low pressure
state of the gate corresponds to a second chamber
size that is smaller than the first chamber size, and
the first chamber size is associated with the second
flow rate, and the second chamber size is associated
with the first flow rate.

5.

The fluidic device of claim 4, further comprising a
rigid body located external to the channel between
the source and the drain, the rigid body comprising
a wide side and a narrow side, the narrow side of
the rigid body adjacent to a first side of the channel,
the rigid body comprised of a material that is less
deformable than a material comprising the channel
such that contact between the rigid body and the
channel deforms the channel.

6.

The fluidic device of claim 4 or 5, wherein the gate
is adjacent to the wide side of the rigid body, and
wherein when the gate is in the high pressure state,
the gate comprises the first chamber size, forcing
the rigid body towards the channel and thereby
pinching the channel such that the second flow rate
of fluid in the channel is induced.

7.

The fluidic device of any of claims 4 to 6, wherein
the rigid body is fixed in place, and the gate comprises a first gate and a second gate that are both located
external to the channel and on a second side of the
channel that is opposite the first side of the channel,
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Claims
1.

A fluidic device comprising:
a channel configured to transport a fluid from a
source to a drain, wherein the source is an input
for fluid to enter the channel, and the drain is an
output for the fluid to exit the channel; and
a gate that controls a rate of fluid flow between
the source and the drain in accordance with the
fluid pressure within the gate, the gate configured to induce a first flow rate of the fluid in the
channel in accordance with a low pressure state
of the gate and a second flow rate of the fluid in
the channel in accordance with a high pressure
state of the gate, wherein the first flow rate is
greater than the second flow rate.
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The fluidic device of claim 1, wherein the gate comprises a first micro arm and a second micro arm that
are positioned within the channel between the
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the first gate located on a first lateral side of the rigid
body and the second gate located on a second lateral
side of the rigid body that is opposite the first lateral
side, the first gate coupled to the second side of the
channel at a first location and the second gate coupled to a second location, and wherein when the first
gate and the second gate are in the high pressure
state, the first gate and the second gate comprise
the first chamber size such that the first gate exerts
a force at the first location of the second side of the
channel and the second gate exerts a force at the
second location of the second side of the channel,
thereby forcing the second side of the channel towards the first side of the channel, causing the fixed
rigid body to pinch the channel such that the second
flow rate of fluid in the channel is induced.
8.

The fluidic device of any of claims 1 to 7, further
comprising a valve structure that controls fluid flow
between the source and the drain in accordance with
the fluid flow rate within the channel, the valve apparatus configured to close when a fluid flow rate
from the drain towards the source exceeds a threshold value.

is greater than the first flow rate.
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9.

The fluidic device of claim 8, wherein the valve structure comprises a first micro arm and a second micro
arm positioned within the channel between the
source and the drain, the first micro arm located on
an opposite side of the channel as the second micro
arm, and wherein closing the valve apparatus comprises the first micro arm and the second micro arm
contacting one another within the channel.

10. The fluidic device of any of claims 1 to 9, wherein
the fluidic device is part of a decoder configured to
receive inputs in the form of fluid pressure and to
output decoded instructions to one or more haptic
apparatuses included in a haptic glove, the haptic
apparatuses configured to provide haptic feedback
in accordance with instructions received from the decoder.
11. A fluidic device, in particular according to any of
claims 1 to 10, comprising:
a channel configured to transport a fluid from a
source to a drain, wherein the source is an input
that fluid enters the channel, and the drain is an
output for the fluid in the channel; and
a gate that controls a rate of fluid flow between
the source and the drain in accordance with the
fluid pressure within the gate, the gate configured to induce a first flow rate of the fluid in the
channel in accordance with a low pressure state
of the gate and a second flow rate of the fluid in
the channel in accordance with a high pressure
state of the gate, wherein the second flow rate
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12. The fluidic device of claim 11, wherein the gate comprises at least one chamber whose volume expands
with fluid pressure within the chamber, wherein a
high pressure state of the gate corresponds to a first
chamber size, and a low pressure state of the gate
corresponds to a second chamber size that is smaller
than the first chamber size, and the first chamber
size is associated with the first flow rate, and the
second chamber size is associated with the second
flow rate.
13. The fluidic device of claim 12, wherein the gate comprises an outer ring and an inner ring, the outer ring
located external to the channel between the source
and the drain and surrounding the channel, the inner
ring positioned within the channel between the
source and the drain, the inner ring comprising an
aperture with a diameter, wherein when the outer
ring is in the low pressure state, the diameter of the
aperture of the inner ring is a first distance, thereby
inducing the second flow rate of the fluid in the channel, and wherein when the outer ring is in the high
pressure state, the outer ring exerts pressure on the
channel, thereby deforming the channel and causing
the diameter of the aperture of the inner ring to increase to a second distance that is greater than the
first distance, thereby creating an opening in the
channel between the source and the drain and inducing the first flow rate of the fluid in the channel.
14. The fluidic device of claim 12 or 13, wherein the gate
comprises a hollow ring surrounding the channel,
the hollow ring comprising an outer surface and an
inner surface, a circumference of the outer surface
greater than a circumference of the inner surface,
the inner surface circumscribing the channel, the outer surface connected to the inner surface by connectors, the connectors comprising rigid objects with a
fixed shape and size and maintaining a fixed distance between the outer surface and the inner surface, wherein when the gate is in the low pressure
state, the gate constricts the channel, thereby inducing the second flow rate of fluid in the channel, and
wherein when the gate is in the high pressure state,
the gate expands around the channel, thereby inducing the first flow rate of the fluid in the channel.
15. The fluidic device of any of claims 1 to 14, wherein
the fluidic device is part of a decoder configured to
receive inputs in the form of fluid pressure and to
output decoded instructions to one or more haptic
apparatuses included in a haptic glove, the haptic
apparatuses configured to provide haptic feedback
in accordance with instructions received from the decoder.
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