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INTELLIGENT OFFLOADING INSOLE DEVICE

CROSS REFERENCE TO RELATED APPLICATION

[001] The present application claims priority to U.S. Provisional patent application serial
mumber 62/422,187 filed on November 15, 2016, the entire contents of which are herein
mcorporated by reference.

BACKGROUND
[802] Orthotic inserfs can be added to footwear to provide improved support or comfort to a
plantar surface of a person’s foot. These inserts may include various contours for passively
controlling how the foot is oriented within the footwear. Examples of such inserts include
arch supports, insoles, heel liners, and foot cushions, each of which can include a
compressible material, such as a gel or foam.

SUMMARY

[063] The present disclosure is directed to systems and methods for actively offloading
pressure from localized plantar surface areas to one or more other plantar surface areas.
[004] In some examples, a system is provided. The system includes an msole capable of
coupling with a shoe and interfacing with a foot. A plurality of bladders are coupled to the
msole, and each bladder of the plurality of bladders has an adjustable compressibility. A
plurality of pressure sensors are also coupled to the insole, and cach pressure sensor of the
plurality of pressure sensors is configured to measure a pressure exerted on a respective
portion of the foot. Each pressure sensor of the phurality of pressure sensors is associated
with a respective bladder of the plurality of bladders. The system further includes a
controlier configured to perform a compressibility adjustment process for each bladder of the
plurality of bladders. The compressibility adjustment process includes (i) receiving, from a
respective pressure sensor associated with a respective bladder, a signal mdicative of a
pressure ¢xerted on a respective portion of the foot, (i) determining, based on the received
signal, that the pressure exerted on the respective portion of the foot exceeds a threshold
pressure, and (iii) responsive to determining that the pressure exerted on the respective
portion of the foot exceeds the threshold pressure, adjusting the compressibility of the
respective bladder, thereby offloading pressure from the respective portion of the foot to a
different portion of the foot.
[005] In some examples of the system, adjusting the compressibility of the respective

bladder includes increasing the compressibility of the respective bladder, and the
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compressibility adjustment process further includes, responsive to determining that the
pressure exerted on the respective portion of the foot exceeds the threshold pressure,
decreasing or increasing the compressibility of one or more bladders different from the
respective bladder.

[006] In some examples of the system, each bladder of the plurality of bladders includes (i)
a fluid having a compressibility that varies based on an electromagnetic field applied to the
flid and (i) a controllable electromagnetic source configured to apply a variable
electromagnetic field to the fluid, and adjusting the compressibility of the respective bladder
mcludes causing the electromagnetic source of the respective bladder to adjust the
electromagnetic field applied to the fluid of the respective bladder.

[007] In some examples of the system, each bladder of the plurality of bladders includes a
fluid, the compressibility of each bladder depends on an amount of the fluid in the bladder,
the system further comprises a pump configured to pump the fluid to or from each bladder,
and adjusting the compressibility of the respective bladder includes causing the pump to
pump the fluid to or from the respective bladder.

[808] In some examples of the system, the controller is configured to perform the
compressibility adjustment process sequentially for each bladder of the plurality of bladders.
[009] In some examples of the system, the controller is configured to perform the
compressibility adjustment process concurrently for all bladders of the plurality of bladders.
[010] In some examples of the system, the controller is configured to, prior to performing
the compressibility adjustment process for each bladder of the plurality of bladders, adjust the
compressibility of each bladder to a baseline compressibility.

[811] In some examples of the system, the baseline compressibility is approximately equal
to a compressibility of the insole.

[012] In some examples of the system, the compressibility adjustment process further
mcludes (i) after adjusting the compressibility of the respective bladder, receiving, from the
respective pressure sensor associated with the respective bladder, a subsequent signal
indicative of the pressure exerted on the respective portion of the foot, (it) determining, based
on the subsequent signal, that the pressure exerted on the respective portion of the foot does
not exceed the threshold pressure, and (iii) responsive to determining that the pressure
exerted on the respective portion of the foot does not exceed the threshold pressure,
maintaining the compressibility of the respective bladder.

[013] In some examples of the system, adjusting the compressibility of the respective
bladder includes adjusting the compressibility of the respective bladder in increments until
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the pressure exerted on the respective portion of the foot does not exceed the threshold
pressure.

[014] In some examples of the system, performing the compressibility adjustment process
for cach bladder of the plurality of bladders adjusts a center of pressure under the foot,
thereby affecting how force is applied through the foot to one or more lower-extremity joints.

[015] In some examples of the system, the controller is configured to receive one or more
signals from an external computing device specifying a value of the threshold pressure.

[016] In some examples of the system, a value of the threshold pressure depends on which
respective bladder of the plurality of bladders the controller performs the compressibility
adjustment process for.

[017] In some examples, another system is provided. The system includes a shoe
configured to be wom on a foot. A plurality of bladders are coupled to the shoe, and each
bladder of the plurality of bladders has an adjustable compressibility. A plurality of pressure
sensors are also coupled to the shoe, and each pressure sensor of the plurality of pressure
sensors is configured to measure a pressure exerted on a respective portion of the foot. Each
pressure sensor of the plurality of pressure sensors is associated with a respective bladder of
the phuality of bladders. The system further includes a controller configured to perform a
compressibility adjustment process for cach bladder of the plurality of bladders. The
compressibility adjustment process inchudes (i) receiving, from a respective pressure sensor
associated with a respective bladder, a signal indicative of a pressure exerted on a respective
portion of the foot, (i) determining, based on the received signal, that the pressure exerted on
the respective portion of the foot exceeds a threshold pressure, and (iii) responsive to
determining that the pressure exerted on the respective portion of the foot exceeds the
threshold pressure, adjusting the compressibility of the respective bladder, thereby offloading
pressure from the respective portion of the foot to a different portion of the foot.

[018] In some examples, a method 1s provided. The method includes performing a
compressibility adjustment process for each bladder of a plurality of compressible bladders.
The plurality of compressible bladders are coupled to an insole that is capable of interfacing
with a foot, and each bladder of the plurality of compressible bladders has an adjustable
compressibility. Further, each bladder of the plurality of compressible bladders is associated
with a respective pressure sensor of a plurality of pressure sensors that are also coupled to the
msole. The compressibility adjustment process includes (i) receiving, from a respective
pressure sensor associated with a respective bladder, a signal indicative of a pressure exerted

on a respective portion of the foot, (ii) determining, based on the recetved signal, that the
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pressure exerted on the respective portion of the foot exceeds a threshold pressure, and (iii)
responsive {0 determining that the pressure exerted on the respective portion of the foot
exceeds the threshold pressure, adjusting the compressibility of the respective bladder,
thereby offloading pressure from the respective portion of the foot to a different portion of
the foot.
[019] In some examples of the method, adjusting the compressibility of the respective
bladder includes increasing the compressibility of the respective bladder, and the
compressibility adjustment process further includes, responsive to determining that the
pressure exerted on the respective portion of the foot exceeds the threshold pressure,
decreasing or increasing the compressibility of one or more bladders different from the
respective bladder.
[020] In some examples of the method, each bladder of the plurality of bladders includes (i)
a fluid having a compressibility that varies based on an electromagnetic field applied to the
flid and (i) a controllable electromagnetic source configured to apply a variable
electromagnetic field to the fluid, and adjusting the compressibility of the respective bladder
mcludes causing the electromagnetic source of the respective bladder to adjust the
electromagnetic field applied to the fluid of the respective bladder.
[021] In some examples of the method, each bladder of the plurality of bladders includes a
fluid, the compressibility of each bladder depends on an amount of the fluid in the bladder,
and adjusting the compressibility of the respective bladder comprises causing a pump to
pump the fluid to or from the respective bladder.
[022] In some examples, the method further includes, prior to performing the
compressibility adjustment process, adjusting the compressibility of each bladder to a
baseline compressibility, where the baseline compressibility is approximately equal to a
compressibility of the insole.
[023] In some examples, the method further includes selecting a value of the threshold
pressure based on (i) a user-specified value or {i1) which respective bladder of the plurality of
compressible bladders the compressibility adjustment process is being performed for.
[024] These as well as other aspects, advantages, and alternatives, will become apparent to
those of ordinary skill in the art by reading the following detailed description, with reference
where appropriate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[025] FIG. 1 is a simplified block diagram of an offloading system, according to an example

embodiment.
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[026] FIG. 2A illustrates an offloading system, according to an example embodiment.

[027] FIG. 2B illustrates a compressible bladder for use in the offloading system shown in

FIG. 2A, according to an example embodiment.

[028] FIG. 3A is a flow chart of an algorithm for adjusting the compressibility of a

compressible bladder, according to an example embodiment.

[029] FIG. 3B 15 a flow chart of another algorithm for adjusting the compressibility of a

compressible bladder, according to an example embodiment.

[030] FIG. 4 illustrates a user interface of an offloading system, according to an example

embodiment.

[031] FIG. 5 is a flow chart of a method, according to an example embodiment.
DETAILED DESCRIPTION

[032] The following detailed description describes various features and functions of the

disclosed systems and methods with reference to the accompanying figures. In the figures,

similar symbols typically identify similar components unless context dictates otherwise. The

illustrative system and method embodiments described herein are not meant to be limiting. It

will be readily understood that certain aspects of the disclosed systems and methods can be

arranged and combined in a wide variety of different configwrations, all of which are

contemplated herein.

L Overview

[633] When a wearer of a shoe stands, walks, jogs, runs, or the like, the shoe exerts pressure
on various surfaces of the wearer’s foot. Under certain circumstances, this plantar surface
pressure can be uncomfortable or harmful to the wearer. For instance, if plantar surface
pressure is concenirated i a localized arca, the wearer’s foot may experience blistering or
ulceration at that area. Such a scenario could arise due to the shape of the foot, biomechanics
of the wearer’s gait, or when a foreign body, such as a pebble or other debris, is present in the
shoe. One way to address the presence of a foreign body in the shoe is for the wearer to
simply take off the shoe i order to remove the foreign body. However, this may not always
be an option. For instance, the wearer may be performing a time-sensitive task or may be in
an environment in which it is difficult or undesirable to take off the shoe. Further, if the
wearer has peripheral neuropathy, such as due to diabetes, infection, medications, or the like,
then the wearer may not even be aware that the foreign body is present in the shoe.
Accordingly, it may be desirable for the shoe to automatically compensate for unwanted

plantar surface loading.
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[834] Disclosed herein are examples of systems and methods for reducing unwanted plantar
surface loading by offloading the pressure from high pressure areas to other areas of the foot.
This is achieved by providing an insole with a number of compressible bladders having a
controllable compressibility. Pressure sensors can be used to measure the pressure exerted at
various locations on the wearer’s foot. If a particular location experiences significantly high
pressure, then the compressibility of the bladders can be adjusted to compensate for and
reduce the pressure. For instance, a bladder nearest to the high pressure point can have its
compressibility increased, while other bladders can have their compressibility decreased.
This, in effect, softens the insole near the high pressure area and hardens the insole
elsewhere, thereby offloading plantar surface pressure from the softened area to the hardened
areas.

[035] As noted above, this can be useful for addressing scenarios in which a foreign body
enters the shoe to create high pressure in a concentrated area. However, the present
disclosure is not limited to use in such scenarios and can be used to address any scenario in
which plantar surface pressure is undesirably concentrated in a particular area. For instance,
if the wearer has a foot injury, such as an ulceration, a sprain, a broken bone, or the like, then
the wearer may experience pain or discomfort when pressure is applied to a plantar swrface of
the wearer’s foot near the injury. Accordingly, examples of the present disclosure can also be
used in such scenarios to offload plantar pressure away from the injury.

[036] Further, in some examples, the compressibility of the bladders can be controlled to
alter or improve a gait of the wearer and/or reduce stress on various other lower-extremity
joints of the wearer. For instance, by varying the compressibility of the bladders, a trajectory
of a center of pressure under the foot can also be varied. This, in turn, can affect how force is
applied through the foot to one or more lower-extremity joints. Other examples are possible

as well.

1. Example Offloading Systems and Devices

{037} Figure 1 is a simplified block diagram of an offloading system 100. The system 100
can include a number of compressible bladders 110, a number of pressure sensors 120, one or
more controllers 130, a communication system 140 for transmitting data between components
of the system 100 and/or to another system, such as a remote server, a cloud computing
system, or some other computing device, and a power supply 150.

[038] The compressibie bladders 110 can be coupled to an insole or some other portion of a

shoe so that the bladders can compress underneath a wearer’s foot when the wearer is
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wearing the shoe. Because the bladders 110 are configured to compress under a weight of the
wearer, the bladders 110 can be made of any material suitable for being subjected to human
weight without rupturing. Such materials can include various rubbers or plastics having an
clasticity that allows the bladders 110 to substantially return to their original shape after being
compressed. For example, suitable materials include, but are not limited to, polyvinyl
chloride (PVC), urethane, or polyurethane, such as ninety-five Shore A durometer, ester-
based polyurethane. The bladders 110 can have a controliable compressibility and may take
various forms as described in further detail below.

[839] In some examples, the bladders 110 can include a flwid that responds to
electromagnetic fields, such as an electrorheological (ER) fluid or magnetorheological (MR)
fluid. ER fluids and MR fluids contain electromagnetically-active particles dispersed
throughout a non-conductive fluid. When an electromagnetic field (i.c., an electric field for
an ER fluid and a magnetic field for an MR fluid) is applied to the fluid, the particles align
with the applied field, thereby altering the fluid’s behavior. Specifically, in the absence of an
clectromagnetic field (Foff” state) the ER/MR fluid essentially behaves as a Newtonian
fluid—a material in which the rate of flow is proportional to the applied stress. However, in
the presence of an electromagnetic field (“on” state), the ER/MR fluid can be modeled as a
Bingham plastic—a material that essentially behaves as a solid {¢.g., does not flow) until the
applied stress surpasses a threshold value, beyond which viscous flow occurs. As such, the
resistance to motion, and thus the compressibility, of the ER/MR fluid can be controlled by
varying the intensity of the electromagnetic field applied to the fluid. Examples of ER fluids
that can be used in the bladders 110 include, but are not limited to, those discussed in U.S.
Pat. No. 6,852,251, which is hereby incorporated by reference in its entirety. Examples of
MR fluids that can be used in the bladders 110 include, but are not limited to, those discussed
im U.S. Pat. No. 5,906,767, which is hereby incorporated by reference in its entirety.
However, other examples of ER and MR fluids are possible as well.

[040] In other examples, the compressibility of the bladders 110 can be controlled by
varying an amount of fluid in the bladders 110. For mstance, the system 100 can further
mclude a pump configured to pump fluid to and/or from each bladder. As such, the pump
could reduce the compressibility of a bladder by pumping additional fluid into the bladder,
and the pump could increase the compressibility of the bladder by allowing the fluid to flow
out of the bladder or by actively pumping the fluid out of the bladder. As used in this
context, the term “fluid”™ refers to a substance that has no fixed shape and is able to flow, such

as a iquid (e.g., water) or gas {e.g., air).
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[841] As noted above, the system 100 further includes pressure sensors 120. The pressure
sensors 120 can also be coupled to the insole and can be configured to measure pressures
exerted at various locations on the wearer’s foot. For instance, when subjected to an external
force, the pressure sensors 120 can output an electrical signal. Characteristics of the signal,
such as a magnitude of voltage or current, may depend on the magnitude of the external
force. As such, the electrical signals output by the pressure sensors 120 can be processed to
determine how much pressure is applied to the wearer’s foot at each sensor. Examples of
pressure sensors 120 mclude, but are not limited to, capacitive sensors, piezoelectric sensors,
or potentiometric sensors.

[042] As further noted above, the system 100 includes one or more controllers 130. The
controller(s) 130 include one or more processors 132, which can include or take the form of a
central processing unit (CPU), such as one or more general purpose processors and/or one or
more dedicated processors (e.g., application specific integrated circuits (ASICs) or digital
signal processors {DSPs), etc.). The controller(s) 130 further include data storage 134,
which can include or take the form of one or more non-transitory computer-readable storage
media that can be read or accessed by the processor(s} 132. The ong or more computer-
readable storage media can include volatile and/or non-volatile storage components, such as
optical, magnetic, organic, or other memory or disc storage. In some examples, the data
storage 134 can be implemented using a single physical device (¢.g., one optical, magnetic,
organic, or other memory or disc storage unit), while in other examples, the data storage 134
can be implemented using two or more physical devices.

[043] The processor(s) 132 can be configured to execute computer-readable program
mstructions 136 that are stored in the data storage 134 and are executable to provide some or
all of the functionality described herein. For instance, the processor(s) 132 can execute the
computer-readable program instructions 136 to operate the compressibie bladders 110 (e.g,,
by controlling a compressibility of the bladders) and the pressure sensors 120 (e.g., by
determining the pressure measured by the pressure sensors 120), as described in further detail
below.

[044] The communication system 140 can include one or more wired or wireless interfaces
for communicating data between various components of the system 100 and/or for
communicating with one or more other computing systems. For instance, the communication
system 140 can include one or more antennas for fransmitting and/or receiving an
electromagnetic or other wireless signal according to one or more wireless communications

standards (e.g., Bluctooth, WiFi, IRdA, ZigBee, WiMAX, or LTE). Additionally or
8
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alternatively, the communication system 140 can include one or more wired commumnications
interfaces for sending and/or receiving signals according to one or more wired
communications standards {e.g., USB, FireWire, Ethernet, or RS-232).

[045] In practice, the controller(s) 130 can communicate via the communication system 140
with the pressure sensors 120 to receive electrical signals that the pressure sensors 120
generate in response to pressure being exerted on a wearer’s foot. The controller(s) 130 can
perform operations on the received signals to determine the extent of the pressure exerted on
the wearer’s foot at each sensor. Based on the determined extent of pressure, the controller(s)
130 can communicate with the bladders 110 via the communication system 140 to control the
compressibility of one or more of the bladders 110, as described in more detail below.

[046] Further, the controlfer(s) 130 can communicate via the communication system 140 to
provide an output of the determined pressures exerted on the wearer’s foot. For instance, the
confrolier(s) 130 can use the communication system 140 to send information related to the
determined plantar pressure information over a communication network, such as the Internet,
to an external computing system, such as a mobile computing device, a cloud computing
system, and/or a remote server. The external computing system can include a user interface,
such as a display screen, for displaying the plantar pressure information to the wearer or to a
medical professional.

[047] The power supply 150 can include one or more batteries for providing power to the
system 100. In some examples, the one or more batteries can be rechargeable, and each
battery can be recharged through a wired connection between the battery and an external
power supply and/or through a wireless charging system, such as an inductive charging
system that applies an external time-varying magnetic field to an internal battery. Other
examples are possible as well.

[048] Figure 2A illustrates an example sole 200 for offloading plantar surface pressure
from one area of a wearer’s foot to another area. The insole 200 can be a removable insert
capable of being used with any number of different types of shoes, or the insole 200 can be
fabricated as a non-removable part of a shoe. The insole 200 includes a bottom layer 202, an
mtermediate layer 204, and a top layer 206. Each of the bottom layer 202, mtermediate layer
204, and top layer 206 can include insole materials that can be found in conventional shoe
inserts, such as fabric, foam, gel, or the like. Further, cach layer can be fabricated
mdependently and then joined together, or the layers can be fabricated together as part of a
single msole system.

[049] The bottom layer 202 of the insole 200 is configured to interface with a shoe and can

9
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mclude a slot 208 for receiving and housing a control system 210. In some examples, the slot
208 and controf system 210 can be arranged in other portions of the insole 200, such as in the
mtermediate layer 204 or the top layer 206. The control system 210 can be configured to
carry out the operations described herein, and so the control system 210 can include the
controller(s) 130, elements of the communication system 140, the power supply 150, and/or
various other elements of the system 100, such as a pump for adjusting an amount of ftuid in
the compressible bladders.

[050] The intermediate layer 204 sits on top of the bottom layer 202 and mncludes a number
of compressible bladders 220 connected together by a number of links 222, The links 222
can include electrical conductors and/or a conduit through which fluid can flow. For
mstance, in examples where the bladders 220 include ER fluid or MR fluid, the links 222 can
mclude electrical conductors coupled to the control system 210, and the control system 210
can send signals to the bladders 220 that control an electromagnetic field applied to the ER
fluid or MR fluid. In examples where a pump controls an amount of fluid in each bladder
220, the links 222 can include a conduit that connects each bladder 220 to the pump so that
the pump can increase or decrease the amount of fluid in each bladder.

[851] The bladders 220 and links 222 can be included in the intermediate layer 204 in
various ways. For mstance, portions of the intermediate layer 204 can be hollowed out to
accommodate insertion of the bladders 220 and links 222 into the intermediate layer 204,
Alternatively, the bladders 220 and links 222 can be embedded in the intermediate layer 204
by fabricating the intermediate layer 204 around the bladders 220 and links 222 or by
forming the bladders 220 and links 222 as part of the intermediate layer 204 during
fabrication. Other examples are possible as well.

[052] Further, while the insole 200 depicts a particular number of bladders 220 arranged in
a particular pattern, other examples can include additional or fewer bladders 220 arranged in
a different pattern. For instance, in some examples, the bladders 220 may be arranged m a
pattern that aligns the bladders 220 with certain pressure points of a foot. Specifically, at
least some of the bladders 220 can be aligned with the heads of the metatarsal bones and/or
with the heel of the foot. Other examples are possible as well.

{853] The top layer 206 sits on top of the intermediate layer 204 and includes a number of
pressure sensors (not shown). The top layer 206 is configured to interface with a wearer’s
foot, such that the pressure sensors in the top layer are configured to measure pressure
exerted at various plantar surfaces of the foot. The pressure sensors can be distributed

throughout the top layer 206 in various patterns. For instance, in some examples, the top
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layer 206 can include a single pressure sensor aligned with each compressible bladder 220.
In other examples, the top layer 206 can include multiple pressure semsors arranged in
proximity to each compressible bladder 220. In any case, the pressure sensors of the top
layer 206 can be electrically coupled to the control system 210, such as through the links 222,
so that the control system 210 can receive pressure measurements from the pressure sensors.
[054] Figure 2B illustrates an example compressible bladder 220 for use in the insole 200,
The bladder 220 includes a top disc 224 joined with a bottom disc 226 to form a circular
pouch. The bladder 220 can be filled with ER fluid or MR fluid, and the bladder 220 can
mchude electrodes 228 for applying an electromagnetic field to the ER fluid or MR fluid. For
mmstance, the electrodes 228 can be coupled to the links 222 by a conductor 230, such that the
control system 210 can adjust the electromagnetic field applied to the ER fluid or MR fluid
by sending a control signal through the links 222 and the conductor 230 to the electrodes 228.
In examples where the fluid in the bladder 220 is an ER fluid, the electrodes 228 can act as
capacitive plates, and the control system 210 can adjust the electromagnetic field applied to
the ER fluid by adjusting a voltage applied to the capacitive plates. In examples where the
fluid in the bladder 220 is an MR fluid, the electrodes 228 can include a controllable
electromagnetic source like an electromagnet, and the control system 210 can adjust the
clectromagnetic field applied to the MR fluid by adjusting a voltage applied to the
electromagnet. Other examples are possible as well.

[055] Figure 3A is a flow chart of an example algorithm 300 that the control system 210 can
use to adjust the compressibility of each bladder 220 of the insole 200. The example
algorithm 300 is shown for illustrative purposes and is not meant to be limiting. Alternative
examples can include other algorithms for adjusting the compressibilities of the bladders 220
i various manners.

[056] The example algorithm 300 starts at step 302, where the control system 210
determines whether a pressure measured at any of the pressure sensors exceeds a threshold
pressure. An example threshold pressure is 200 kPa, as higher pressures have been shown to
increase the risk of ulceration in diabetic patients with peripheral neuropathy, but other
threshold pressures can be selected as well. The threshold pressure can be a fixed value that
is the same for all pressure sensors, or the threshold pressure can vary depending on the
location of the pressure sensor relative to the foot, as certain plantar surfaces may be more
sensitive than others. Further, in some examples, the wearer can specify the threshold
pressure for the pressure sensors, individually or as a set.

[057] When measuring the pressure at cach pressure sensor, the measurements can be
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averaged over time to obtain more accurate measurements. For instance, the control system
210 can measure the average pressure at a pressure sensor over the course of a fixed number
of steps, such as twenty steps. As such, the control system 210 can further include a motion
sensor, such as an accelerometer, for detecting when the wearer takes a step.

[058] In any case, if the control system 210 determines that none of the pressure sensors are
detecting a pressure exerted on the foot that exceeds the threshold pressure, then the
algorithm ends and retumns to the start to execute another loop. However, if the control
system 210 determines that a pressure sensor detects a pressure exerted on the foot that
exceeds the threshold pressure, then the algorithm advances to step 304.

[059] At step 304, the control system 210 adjusts the compressibility of the bladder that is
associated with the identified pressure sensor that is detecting pressure above the threshold
pressure.  In line with the discussion above, the control system 210 can adjust the
compressibility of the bladder in various ways. For instance, if the bladder includes an ER
fluid or an MR fluid, then the control system 210 can adjust the compressibility of the
bladder by increasing or decreasing the strength of an electromagnetic field applied to the ER
fhuid or MR fluid. Specifically, ncreasing the strength of the electromagnetic field causes the
ER fluid or MR fluid to behave more like a sohd and become less compressible, while
decreasing the strength of the clectromagnetic field causes the ER fluid or MR fluid to
behave more ltike a liquid and become more compressible.  Alternatively, if the
compressibility of the bladder is characterized by an amount of pressurized fluid present in
the bladder, then the control system 210 can adjust the compressibility of the bladder by
pumping additional fluid into the bladder to reduce the compressibility or by releasing fluid
from the bladder to increase the compressibility.

[860] In any case, in order to attempt to reduce the pressure at the identified site to a
pressure below the threshold pressure, the conirol system 210 can increase the
compressibility of the bladder associated with the 1dentified pressure sensor. As such, if the
bladder contains ER fluid or MR fluid, then the control system 210 can increase the
compressibility of the bladder by reducing the strength of the electromagnetic field applied to
the bladder, and if the compressibility of the bladder is based on an amount of fluid n the
bladder, then the control system 210 can increase the compressibility of the bladder by
causing some of the fluid to leave the bladder.

{061} After adjusting the compressibility of the bladder associated with the identified
pressure sensor that is detecting pressure above the threshold pressure, the algorithm

advances to step 306, At step 306, the control system 210 determuines whether the adjustment
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to the compressibility of the bladder caused the pressure measured by the identified pressure
sensor to fall below the threshold pressure. If the pressure at the pressure sensor still exceeds
the threshold pressure, then the algorithm retwrns to step 304 to further adjust the
compressibility of the bladder associated with the pressure sensor. However, if the pressure
has fallen below the threshold pressure, then the algorithm ends and returns to the start to
¢xecute another loop.

[062] Figure 3B is a flow chart of an algorithm for performing the compressibility
adjustment at step 304 in Figure 3A. The compressibility adjustment algorithm 304 starts at
step 308, where the control system 210 incrementally increases the compressibility of the
bladder associated with the identified pressure sensor. As noted above, the control system
210 can increase the compressibility of the bladder in various ways, such as by reducing the
strength of the applied electromagnetic field or by releasing fluid from the bladder, depending
on the type of bladder. The control system 210 can increase the compressibility by a
predetermined increment. For example, the control system 210 can reduce the strength of the
applied electromagnetic field by a predetermined amount {e.g., 5%), or the control system
210 can release a predetermined volume of fluid from the bladder. In some examples, these
imcremental adjustments can be fixed values or they can be proportional to how much the
measured pressure exceeds the threshold pressure.

[063] After incrementally increasing the compressibility of the bladder, the algorithm 304
advances to step 310 where the control system determines whether the pressure at the
identified pressure sensor has decreased. If the pressure has decreased, then the algorithm
304 advances to step 312 where the control system 210 determines whether the pressure at
the identified pressure sensor has decreased below the threshold pressure. If so, then the
compressibility adjustment algorithm 304 1s exited, and the conirol system 210 can resume
carrying out the algorithm 300 in Figure 3A. If, however, the pressure at the identified
pressure sensor has not fallen below the threshold pressure, then the compressibility
adjustment algorithm 304 returns to step 308 to execute another loop.

[064] Returning back to the determination at step 310, if the control system 210 determines
that the pressure at the identified pressure sensor did not decrease after incrementally
mereasing the compressibility of the bladder, then the algorithm 304 advances to step 314.
At step 314, the control system 210 determines whether incrementally increasing the
compressibility of the bladder caused the pressure at any other pressure sensor to decrease. If
not, then the algorithm 304 returns to step 308 to execute another loop. However, if

mcrementally increasing the compressibility of the bladder caused the pressure at another
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pressure sensor to decrease, then the algorithm 304 advances to step 316.

[065] At step 316, the control system 310 identifies the other pressure sensor where the
pressure decreased and determines whether the pressure at that other pressure sensor is below
a secondary threshold pressure. The secondary threshold pressure can have a value that is
lower than the threshold pressure, such as 75% of the threshold pressure. If the pressure at
the other pressure sensor is not below the secondary threshold pressure, then the algorithm
304 returns to step 308 to execute another loop. However, if the pressure at the other
pressure sensor i1s below the secondary threshold pressure, then the algorithm 304 advances to
step 318.

[866] At step 318, the control system 210 incrementally decreases the compressibility of the
bladder associated with the other pressure sensor that experienced a decrease in pressure. As
noted above, the control system 210 can decrease the compressibility of the bladder in
various ways, such as by increasing the strength of the applied electromagnetic field or by
pumping fluid into the bladder, depending on the type of bladder. The control system 210
can decrease the compressibility by a predetermined increment. For example, the control
system 210 can increase the strength of the applied electromagnetic field by a predetermined
amount {¢.g., 5%), or the control system 210 can cause a predetermined volume of fluid to be
pumped into the bladder. Decreasing the compressibility of the bladder associated with the
other pressure sensor that experienced a pressure decrease can counteract the decrease in
pressure at that other pressure sensor. After incrementally decreasing the compressibility of
the bladder associated with the other pressure sensor that experienced a decrease in pressure,
the algorithm 304 returns to step 308 to execute another loop.

[867] In some examples, the algorithm 300 can include steps for making alternative or
additional adjustments when a bladder has its compressibility increased to a threshold high
compressibility or decreased to a threshold low compressibility. For instance, in some
scenarios, performance of the example algorithm 300 can result in a bladder reaching a
maximum compressibility, such as by reducing an electromagnetic field applied to the
ER/MR fluid to zero or by allowing a pressurized fluid to completely evacuate the bladder.
In other scenarios, performance of the example algorithm 300 can result in a bladder reaching
a ounimum compressibility, such as by saturating the ER/MR fhuid with the applied
electromagnetic field or by pumping a maximum amount of pressurized fluid into the
bladder. In such scenarios, it can be futile to attempt to further increase or decrease the
compressibility of the bladder. Instead, the algorithm 300 can include adjusting the

compressibility of other bladders associated with pressure sensors that are presently below
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the threshold pressure in order to offload pressure from any bladder associated with a
pressure sensor that is above the threshold pressure. For instance, one or more bladders near
the high pressure sensor can have their compressibilities increased, while other bladders, such
as those surrounding the high pressure sensor can have their compressibility decreased. This,
n effect, softens the msole near the high pressure area and hardens the insole elsewhere,
thereby offloading plantar surface pressure from the softened area to the hardened areas.

[068] In some examples, the algorithm 300 depicted in Figures 3A and 3B can be carried
out concurrently for all pressure sensors and compressible bladders 220, such that the control
system 210 can concurrently adjust the compressibility of multiple bladders 220 at the same
time. In other examples, the algorithm 300 can be carried out sequentially for each pressure
sensor and bladder 220, such as in a fixed order or in order of highest-to-lowest detected
pressure.

[069] In some examples, prior to carrying out the algorithm 300 to adjust the
compressibilities of the bladders 220, the control system 210 can set the compressibilities of
the bladders 220 to a baseline compressibility. The baseline compressibility can be selected
such that the basgline compressibility is approximately equal to the compressibility of the
portions of the insole that surround the bladders 220,

[070] Figure 4 illustrates an example user mterface 400 for use with the msole system 200
described above. The user interface 400 can be displayed on a display of a computing device,
such as a smartphone, tablet, or personal computer, that is in communication with the insole
system 200. The computing device can receive data indicative of pressures detected by the
pressure sensors and can display indications of the detected pressures through the user
mterface 400. In this manner, the user interface 400 can present information to a “user,” such
as the wearer of the insole system 200, or to another relevant party, such as a medical
professional.

[071] As shown, the user interface 400 can include icons 402 corresponding to the various
compressible bladders 220 in the insole device 200. The icons 402 can provide an indication
of the pressures sensed by pressure sensors associated with each of the bladders 220. For
mstance, an icon 402 can display a first visual indication if the corresponding bladder 220 is
associated with a pressure sensor measuring a fow pressure, a second visual indication if the
corresponding bladder 220 is associated with a pressure sensor measuring a middle pressure,
and a third visual indication if the corresponding bladder 220 is associated with a pressure
sensor measuring a high pressure. Other examples are possible as well.

[072] Further, the user interface 400 can be configured to allow for user input. For instance,
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a user can select one of the icons 402, such as by clicking a mouse or touching a touch
screen, to obfain more information about the bladder 220 corresponding to the selected icon
402. For instance, upon selecting an icon 402, the user interface 400 can display specific
pressure values measured by pressure sensors associated with the bladder 220 corresponding
to the selected icon 402. Further, the user interface 400 can prompt the user to input
calibration information related to the bladder 220 corresponding to the selected icon 402, In
this manner, the user can specify the threshold pressure for each bladder 220. The computing
device can then transmit the user-specified threshold pressure to the msole system 200. Other
exampies are possible as well.

[073] Figure 5 is a flow chart of an example method 500 that can be carried out in
accordance with the present disclosure to offload pressure from one area of a plantar surface
to another area of the plantar surface. The method 500 involves performing a compressibility
adjustment process for each bladder of a number of compressible bladders, where the
compressible bladders are coupled to an insole that is capable of interfacing with a foot,
where cach bladder has an adjustable compressibility, and where each bladder is associated
with a respective pressure sensor of a number of pressure sensors that are coupled to the
msole.

[074] At block 502, the method 500 includes receiving, from a respective pressure sensor
associated with a respective bladder, a signal mdicative of a pressure exerted on the
respective portion of the foot. And at block 504, the method 500 includes determining, based
on the received signal, that the pressure exerted on the respective portion of the foot exceeds
a threshold pressure. In line with the discussion above, the threshold pressure can be a fixed
value or it can vary for each pressure sensor and compressible bladder. Further in line with
the discussion above, the threshold pressure can be specified based on a user input.

[075] At block 506, the method 500 includes, responsive to determining that the pressure
exerted on the respective portion of the foot exceeds the threshold pressure, adjusting the
compressibility of the respective bladder, thereby offloading presswre from the respective
portion of the foot to a different portion of the foot. In line with the discussion above,
adjusting the compressibility of the respective bladder can be done in various ways. For
mstance, the compressibility of the respective bladder can be adjusted according to the
algorithms discussed above with respect to Figures 3A and 3B.

[076] Accordingly, in some examples, adjusting the compressibility of the respective
bladder includes increasing the compressibility of the respective bladder, and the method 500

can further include, responsive to determining that the pressure exerted on the respective
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portion of the foot exceeds the threshold pressure, increasing or decreasing the
compressibility of one or more bladders different from the respective bladder. For example,
to reduce the pressure at one respective region of the foot below the threshold pressure, it
may be necessary to increase compressibility at an adjacent site’s corresponding bladder and
to decrease compressibility at a tertiary bladder.

[077] In some examples, the method 500 can further involve, after adjusting the
compressibility of the respective bladder, receiving, from the respective pressure sensor
associated with the respective bladder, a subsequent signal indicative of the pressure exerted
on the respective portion of the foot. The method 500 can further involve determining, based
on the subsequent signal, that the pressure exerted on the respective portion of the foot does
not exceed the threshold pressure and, responsive to determining that the pressure exerted on
the respective portion of the foot does not exceed the threshold pressure, maintaining the
compressibility of the respective bladder.

[078] In some examples, the method 500 can involve, prior o performing the
compressibility adjustment process for each bladder of the plurality of bladders, adjusting the
compressibility of each bladder to a baseline compressibility. In line with the discussion
above, the baseline compressibility can be a compressibility that is approximately equal to a
compressibility of the insole.

[079] Further, the method 500 can include additional or alternative steps. In some
examples, the method 500 can include providing, to the wearer, an indication of the pressures
exerted on the foot. For instance, the method 500 can include displaying a graphical or
textual representation of the pressure information. As another example, the method 500 can
mclude selecting a value for the threshold pressure associated with each pressure sensor
and/or bladder. For instance, the threshold pressure associated with each pressure sensor
and/or bladder can be selected based on a user input, such as a value specified by the wearer
or by a medical professional. The value can be specified, for instance, by mputting a
threshold pressure into a user interface of an external computing device, such as a
smariphone, tablet, or personal computer. In some examples, the threshold pressure
associated with each pressure sensor and/or bladder can vary based on a position of the
pressure sensor and/or bladder. For instance, pressure sensors and/or bladders located near a
heel portion of the insole can have a higher threshold pressure than pressure sensors and/or

bladders located near an arch portion of the insole. Other examples are possible as well.
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HI.  Conclusion

[080] The particular arrangements shown in the figures should not be viewed as limiting. It
should be understood that other embodiments may include more or less of each element
shown in a given figure. Further, some of the illustrated elements may be combined or
omitted. Yet further, an exemplary embodiment may include elements that are not iltustrated
in the figures.

[081] Additionally, while various aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for purposes of illustration and are not
mtended to be limiting, with the true scope and spirit being indicated by the following claims.
Other embodiments may be utilized, and other changes may be made, without departing from
the spirit or scope of the subject matter presented herein. It will be readily understood that
the aspects of the present disclosure, as generally described herein, and illustrated in the
figures, can be arranged, substituted, combined, separated, and designed in a wide variety of

different configurations, all of which are contemplated herein.
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CLAIMS
What is claimed is:

1. A systent comprising:

an insole capable of coupling with a shoe and interfacing with a foot;

a plurality of bladders coupled to the insole, wherein each bladder of the plurality of
bladders bas an adjustable compressibility;

a plurality of pressure sensors coupled to the insole, wherein each pressure sensor of
the plurality of pressure sensors is configured to measure a pressure exerted on a respective
portion of the foot, and wherein each pressure sensor of the plurality of pressure sensors is
associated with a respective bladder of the plurality of bladders; and

a controller configured to perform a compressibility adjustment process for each
bladder of the plurality of bladders, the compressibility adjustment process comprising:

receiving, from a respective pressure sensor associated with a respective blad-
der, a signal indicative of a pressure exerted on a respective portion of the foot;

determining, based on the received signal, that the pressure exerted on the re-
spective portion of the foot exceeds a threshold pressure; and

responsive to determining that the pressure exerted on the respective portion
of the foot exceeds the threshold pressure, adjusting the compressibility of the respec-

tive bladder, thereby offloading pressure from the respective portion of the foot to a

different portion of the foot.

2. The system of claim 1, wherein adjusting the compressibility of the respective bladder
comprises increasing the compressibility of the respective bladder, and wherein the com-
pressibility adjustment process further comprises, responsive to determining that the pressure
exerted on the respective portion of the foot exceeds the threshold pressure, decreasing or in-

creasing the compressibility of one or more bladders different from the respective bladder.

3. The system of any of claims 1-2, wherein each bladder of the plurality of bladders in-
cludes (1) a fluid having a compressibility that varies based on an electromagnetic field ap-
plied to the fluid and (i1) a controllable electromagnetic source configured to apply a variable

electromagnetic field to the fluid, and wherein adjusting the compressibility of the respective
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bladder comprises causing the electromagnetic source of the respective bladder to adjust the

electromagnetic field applied to the fluid of the respective bladder.

4. The system of any of claims 1-2, wherein each bladder of the plurality of bladders in-
cludes a fluid, wherein the compressibility of each bladder depends on an amount of the fluid
in the bladder, wherein the system further comprises a pump configured to pump the fluid to
or from cach bladder, and wherein adjusting the compressibility of the respective bladder

comprises causing the pump to pump the fluid to or from the respective bladder.

5. The system of any of claims 1-4, wherein the controller is configured to perform the

compressibility adjustment process sequentially for each bladder of the plurality of bladders.

6. The system of any of claims 1-4, wherein the controller is configured to perform the

compressibility adjustment process concurrently for all bladders of the plurality of bladders.

7. The system of any of claims 1-6, wherein the controller is configured to, prior io per-
forming the compressibility adjustment process for each bladder of the plurality of bladders,

adjust the compressibility of each bladder to a baseline compressibility.

8. The system of claim 7, wherein the baseline compressibility is approximately equal to

a compressibility of the insole.

9. The system of any of claims 1-8, wherein the compressibility adjustment process fur-
ther comprises:

after adjusting the compressibility of the respective bladder, receiving, from the re-
spective pressure sensor associated with the respective bladder, a subsequent signal indicative
of the pressure exerted on the respective portion of the foot;

determining, based on the subsequent signal, that the pressure exerted on the respec-
tive portion of the foot does not exceed the threshold pressure; and

responsive to determining that the pressure exerted on the respective portion of the
foot does not exceed the threshold pressure, maintaining the compressibility of the respective

bladder.
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10. The system of any of claims 1-9, wherein adjusting the compressibility of the respec-
tive bladder comprises adjusting the compressibility of the respective bladder in increments
until the pressure exerted on the respective portion of the foot does not exceed the threshold

pressure.

1L The system of any of claims 1-10, wherein performing the compressibility adjustment
process for each bladder of the plurality of bladders adjusts a center of pressure under the
foot, thereby affecting how force is applied through the foot to one or more lower-extremity

joints.

12, The system of any of claims 1-11, wherein the controller is configured to receive one
or more signals from an external computing device specifying a value of the threshold pres-

sure.

13, The system of claim any of claims 1-12, wherein a value of the threshold pressure de-
pends on which respective bladder of the plurality of bladders the controller performs the

compressibility adjustment process for.

14. A system comprising:

a shoe configured to be worn on a foot;

a plurality of bladders coupled to the shoe, wherein each bladder of the plurality of
bladders has an adjustable compressibility;

a plurality of pressure sensors coupled to the shoe, wherein each pressure sensor of
the plurality of pressure sensors is configured to measure a pressure exerted on a respective
portion of the foot, and wherein each pressure sensor of the plurality of pressure sensors is
associated with a respective bladder of the plurality of bladders; and

a controller configured to perform a compressibility adjustment process for each
bladder of the plurality of bladders, the compressibility adjustment process comprismg;:

receiving, from a respective pressure sensor associated with a respective blad-
der, a signal indicative of a pressure exerted on a respective portion of the foot;
determining, based on the recetved signal, that the pressure exerted on the re-

spective portion of the foot exceeds a threshold pressure; and
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responsive to determining that the pressure exerted on the respective portion
of the foot exceeds the threshold pressure, adjusting the compressibility of the respec-
tive bladder, thereby offloading pressure from the respective portion of the foot to a

different portion of the foot.

15. A method comprising:
performing, for each bladder of a plurality of compressible bladders, a compressibility
adjustment process, wherein the plurality of compressible bladders are coupled to an msole
that 1s capable of interfacing with a foot, wherein each bladder of the plurality of compressi-
ble bladders has an adjustable compressibility, wherein each bladder of the plurality of com-
pressible bladders is associated with a respective pressure sensor of a plurality of pressure
sensors that are coupled to the insole, and wherein the compressibility adjustment process
comprises:
receiving, from a respective pressure sensor associated with a respective blad-
der, a signal indicative of a pressure exerted on a respective portion of the foot;
determining, based on the received signal, that the pressure exerted on the re-
spective portion of the foot exceeds a threshold pressure; and
responsive to determining that the pressure exerted on the respective portion
of the foot exceeds the threshold pressure, adjusting the compressibility of the respec-
tive bladder, thereby offloading pressure from the respective portion of the foot to a

different portion of the foot.

16. The method of claim 15, wherein adjusting the compressibility of the respective blad-
der comprises increasing the compressibility of the respective bladder, and wherein the com-
pressibility adjustment process further comprises, responsive to determining that the pressure
exerted on the respective portion of the foot exceeds the threshold pressure, decreasing or in-

creasing the compressibility of one or more bladders different from the respective bladder.

17. The method of any of claims 15-16, wherein each bladder of the plurality of bladders
mmcludes (1) a fluid having a compressibility that varies based on an electromagnetic field ap-
plied to the fhud and (ii) a controllable electromagnetic source configured to apply a variable

electromagnetic field to the fluid, and wherein adjusting the compressibility of the respective
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bladder comprises causing the electromagnetic source of the respective bladder to adjust the

electromagnetic field applied to the fluid of the respective bladder.

18. The method of any of claims 15-16, wherein each bladder of the plurality of bladders
includes a fluid, wherein the compressibility of cach bladder depends on an amount of the
fluid in the bladder, and wherein adjusting the compressibility of the respective bladder com-

prises causing a pump to pump the fluid to or from the respective bladder.

19. The method of any of claims 15-18, further comprising, prior to performing the com-
pressibility adjustment process, adjusting the compressibility of each bladder to a baseline
compressibility, wherein the baseline compressibility is approximately equal to a compressi-

bility of the insole.

20. The method of any of claims 15-19, further comprising selecting a value of the
threshold pressure based on (i) a user-specified value or (i) which respective bladder of the
plurality of compressible bladders the compressibility adjustment process is being performed

for.
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specia pecitie considered to involve an inventive step when the document is
“O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than  «g»  jocument member of the same patent family
the priority date claimed
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 5-13, 19, 20

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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