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(57) Abstract: Example implementations relate to collecting
data to generate specifications for an orthosis. In example
implementations, data may be collected from a plurality of
pressure sensors. Histograms may be generated that charac-
terize collected data. Specifications for an orthosis may be
generated based on the histograms.
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GENERATING SPECIFICATIONS FOR AN ORTHOSIS

BACKGROUND
10001} Crthotic devices may be used {o support, brace, andfor improve
functions of parts of the body. For example, people with flat fest may place insoles
inside their shogs o provide arch supporl. Someong recovering from an ankle
sprainffracture may wear an ankle-foot orthosis to control position of the ankle
and/or compensate for weakness in ceriain muscles. To betller suit a person's

individual neads, a custom orthosis may be made especially for the person.

BRrRIEF DESCRIPTION OF THE DRAWINGS

100027 The following detailed description references the drawings, wherein:

[0003]  FiG. 1 is a block diagram of an example device that includes a
machine-readable storage medium encoded with instructions {0 enable generating
spacifications for an orthosis;

[0004] FIG. 2 is a block diagram of an example device that includes a
machine-readable storage medium encoded with instructions lo filler pressure
values;

[0005] FiG. 3 is a block diagram of an example system for generating
specifications for an orthosis;

(00087  FIG. 4 is a block diagram of an example system for processing dala
collected by pressure sensors;

100077 FIG. 5 is a fliowchart of an example method for gensrating support
values for an orthosis;

[0008]  FiG. 6 is a flowchart of an example method for generating a model
for a three-dimensional (3D} printer to print an orthosis; and

[00087 FIG. 7 is a flowchart of an example method for processing dala

collected by pressure sensors,

DETAILED DESCRIPTION
100101 Crthoses may be wom by pesople who experience muscle/joint
weakness, nerve damage, or poor blood circulation. For example, diabstics who

suffer from peripheral neuropathy may wear insoles in their shoes to provide extra
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support and cushioning, decreasing irritation by external objects. Custorm insoles
may be made that betler conform 1o a person’s feel. To make a custom insole, a
person’s foot may be dipped in plaster {o form a mold/cast of the person's foot, and
an inscle may be formed based on the shape of the mold/cast. Some retailers or
medical offices may scan a person’s fool using a flatbed image scanner thal shines
light on the Toot and determines the shape of the fool by measuring the intensity of
light that is reflecied back. Data from this scan may be used o create a custom
insole.

(00111 Custom insoles created using the aforementioned methods may not
be suitable for actual conditions in a person's dally life, as the person’s cushioning/
support needs may be different when the person is moving than when the person
is standing still. In light of the above, the present disclosure provides for using a
diagnosiic insole having a plurality of pressure sensors to collect data as a person
goes about his/her dally activities. Collecting data over a longer period of time (8.g.,
hours or days, as opposed o a few seconds in a store or doctor’s office) may allow
for the creation of a custom insole suiled o actual conditions in a person’s daily
fife.

[0012] Referring now to the drawings, FiG. 1 is a block diagram of an
example device 100 that includes a machine-readable storage medium encoded
with instructions 1o enable generaling specifications for an orthosis. In some
implementations, device 100 may be embedded in a diagnostic insole or other limb
support structure {e.g., for a hand, shoulder, ankle, or knee). In some
implementations, device 100 may be an electronic user device, such as a nolebook
computer, a daskiop computer, a workstation, a tablet computing device, or a mobile
phone. In FIG. 1, device 100 includes processor 102 and machine-readable
storage medium 104. As used herein, the terms “include”, “have”, and “comprise”
are interchangeable and should be undersiood to have the same meaning.

00131 Processor 102 may include a central processing unit (CPU),
microprocessor  {e.g., semiconductor-based  microprocessor), andior other
hardware device suitable for retrieval and/or execution of insiructions stored in
machine-readable storage medium 104, Processor 102 may felch, decods, and/ or
execute instructions 108, 108, 110, and 112 {0 enable generating specifications for

an orthosis, as described below. As an alternative or in addition to retrieving and/or
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executing instructions, processor 102 may include an electronic circuit comprising
a number of electronic components for performing the functionality of
instructions 108, 108, 110, and/or 112.

(00141 Machine-readable storage medium 104 may be any suitable
slecironic, magnelic, optical, or other physical storage device that containg or siores
executable instructions. Thus, machine-readable storage medium 104 may include,
for example, a RAM, an Electrically Erasable Programmable Read-Only Memory
{(EEPROM), a storage device, an optlical disc, and the like. In some implementations,
machine-readable storage medium 104 may include a non-transitory siorage
medium, where the ferm “non-fransitory” does not encompass fransitory propagating
signals. As described in detail below, machine-readable storage medium 104 may be
encoded with a set of execulable instructions 106, 108, 110, and 112,

(00151  Instructions 106 may collect data from a plurality of pressure sensors.
The plurality of pressure sensors may be in various locations on a diagnostic insole.
For example, a diagnostic insole having the pluralily of pressure sensors may be
placed in a person’s shoe, and data may be collectad from the plurality of pressure
sensors as the person goes about his/her daily routine. Data collected from the
plurality of pressure sensors may include pressure values. Each pressure value may
indicate an amount of pressure applied to one of the piurality of pressure sensors at
a certain time. In some implementations, data may be collected from the plurality of
pressure sensors over a plurality of days.

[00167  Although example implemeniations discussed hergin refer to a
diagnostic insole, it should be undersiood that the concepls discussed herein may
be applicable to diagnostic support siructures for other parts of the body (e.g.,
hand, shoulder, ankle, knee}. Pressure sensors may be placed on a diagnostic
insole/other support structure worn by a person as the person goes about his/her
normal activities. Data collected by the pressure sensors may be used to creale a
custom insole or cther customized support structure {orthosis) that suits the
person's individual nesds. Although example implementations discussed herein
refer to orthoses worn by humans, it should be undersiood that the concepls
discussed herein may be applicable to orthoses worn by animals.

100171 Instructions 108 may generate a first set of histograms. A histogram

may have a plurality of value ranges ("bing”}, and each value range may include data
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values in the respective value range. Each histogram in the first set of histograms
may correspond 10 a respective one of the pluralily of pressure sensors, and may
characterize a distribution of data collected from the respective one of the plurality of
pressure sensors. For exampie, the plurality of pressure sensors may include a
pressure sensor in the hesl region of a diagnostic insole, and another pressure
sensor in the big-toe region of the diagnostic insole. A histogram in the first set of
histograms may correspond (o the pressure sensor in the heel region, and may have
a piurality of bins into which pressure values collected from the heel-region pressure
sensor are sorted {e.g., a first bin may have pressure values between 0 and 1.5
pounds per square inch [psi], 2 second bin may have pressure values greater than
1.5 psi up 1 3 psi, etc.). Another histogram in the first set of histograms may
correspond o the pressure sensor in the big-toe region, and may have a plurality of
binsg info which pressure values collected from the big-toe-region pressure sensor are
sorted.

[G0187 The number of values in a bin of a hislogram may be directly
proportional 1o the amount of time the respeclive pressure sensor sensed an armount
of pressure in the value range of the bin. For example, if a person tends {o standiwalk/
run on the balls of his/her feet, a histogram, in the first set of histograms generated
from data collected from a diagnostic insole worn by the person, that corresponds to
a pressure sensor in the big-toe region of the diagnostic insole may have a lot of data
values in higher-value bins, while lowervalue bins may not have as many data
values. A histogram, in the first set of histograms, that corresponds {0 a pressure
sensor in the heel region of the diagnostic insole may have a lot of data values in
lower-value bins, while higher-valug bins may not have as many data values.

100191 Instructions 110 may gensrate a second set of histograms. Each
histogram in the second set of histograms may correspond (o a respeclive pair of the
plurality of pressure sensors, and may characterize a disiribution of averages of data
collected fram the respective pair of the plurality of pressure sensors. Pressurs
sensors in the plurality of pressure sensors may be paired based on physical
proximity; for exampie, a pressure sensor in the big-toe region of a diagnostic insole
may be paired with a pressure sensor in the ball-of-the-foot region of the diagnostic
insole, and two pressure sensors in the heal region of the diagnostic inscle may be

paired together.
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(00207 For each pair of pressure sensors, data values corresponding to the
same time may be averaged, and a histogram may be generated using the averaged
values. For gxample, a first pressure sensor may collect 100 data valuss over a
period of lime, and a second pressure sensor palred with the first pressure sensor
may collect 100 dala values over the same pericd of time. Each of the 100 dala
values collected from the first pressure sensor may refiect an amount of pressure
applied o the first pressure sensor at a particular point in time, and each of the 100
data values oollected from the second pressure sensor may reflect an amount of
pressure applied (o the sacond pressure sensor at those same timaes. Each of the
100 data values collected from the first pressure sensor may be averaged with the
one of the 100 dala values coliecled from the second pressure ssensor that
corresponds o the same time, such that 100 average values are created. A
histogram may be generated using these 100 average valuss. A histogram
corresponding to a pair of pressure sensors may allow pressure values at a iocation
halfway belween the pair of sensors 1 be inferred {e.g., the histogram generated
using average values may be used to infer the distribution of data values that wouid
have been coliected if another pressure sensor had been placed haltway beiween
the pair of pressure sensors whose data was averaged).

[0021]  Instructions 112 may generate, based on the first and second sets of
histograms, specifications for an orthosis. The specifications may include thickness
and density measurements for various regions of the orthosis. In some
implementations, regions of the orthosis where a person tends to put more pressure
may be thinner than regions of the orthosis where the person tends o put less
pressure. For example, for a person who tends (o standiwaikirun on his/her heels,
histograms corresponding 1o pressure sensors (or groups of pressure sensors) in the
heel region of a diagnostic insole may have a high concentration of data values in
higher value bins, and hisfograms corresponding o pressure sensors {(or groups of
pressure sensors) at the other end of the diagnostic insole (where the parson's toes
are) may have a high conceniration of data vailues in lower value bins. Specifications
for a custom insole may indicate that the custom insole should be thinner in the heel
region than in the region underinear the foes. The amount of the difference in

thickness may be determined based on how much greater data values collected from
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the hesl region are than data vaiues coliected from the region under/ near the toes
{e.g., the great the difference in daia values, the greater the difference in thickness).

100227 Insome implementations, regions of the orthosis where a person tends
to put more pressure may be denser than regions of the orthosls where the person
fends to pul less pressure. For example, for a person who tends to shit weight toward
the outer edges of his/her feet, histograms corresponding to pressure sensors {or
groups of pressure sensors) along the outer edge of a diagnostic insole may have a
high concentration of data values in higher vaiue bins, and histograms corresponding
to pressure sensors {or groups of pressure sensors) along the inner edge of the
diagnostic insole may have a high concentration of data values in lower valug bins.
Specifications for a custom inscle may indicate that the cusiom insole should be
denser along the ouler edge than along the inner edge {e.q., since the person may
feel more comfortable having more cushioning/support along the cuter adge, where
more weight is shifted). The higher the value ranges are of the bins in which data
values are concentrated, the denser an arthosis may be in the relevant region.

(00237 FIG. 2 is a block diagram of an example device 200 that includes a
machine-readable storage medium encoded with instructions to filler pressure
values. In soms implementations, device 200 may be embedded in a diagnostic
insole or other imb support structure {e.q., for a hand, shoulder, ankie, or knee)l.
in some implementations, device 200 may be an elecironic user device, such as a
notebook computer, a deskiop computer, a workstation, a tablet computing device,
or a mobile phone. In FIG. 2, device 200 includes processor 202 and machine-
readable storage medium 204.

(00241  As with processor 102 of FIG. 1, processor 202 may include a CPU,
microprocessor  {6.9.,  semiconductor-based  microprocesser), andior other
hardware device suitable for retrieval and/or execution of instructions stored in
machine-readable storage medium 204. Processor 202 may fetch, decode, and/ or
execute instructions 208, 208, 210, 212, 214, 216, and 218. As an alternative orin
addition to retrieving and/or execuling instructions, processor 202 may include an
elecironic circuit comprising a number of elecironic components for performing the
functionality of instructions 2086, 208, 210, 212, 214, 216, and/or 218.

100257 As with machine-readable storage medium 104 of FIG. 1, machine-

readable storage medium 204 may be any suitable physical storage device that
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stores execuiable instructions. Instructions 200, 208, 210, and 212 on machine-
readable storage medium 204 may be analogous {o {e.g., have functions and/or
components similar to) instructions 108, 108, 110, and 112, respectively, on machine-
readable storage medium 104, Instructions 208 may collect data from a plurality of
pressure sensors, and instructions 208 and 210 may generate a first sel and a second
set of histograms, respeclively. Instructions 214 may generate a third set of
histograms. Each histogram in the third set of histograms may correspond 0 a
respeclive riplet of the plurality of pressure sensors, and may characlerize a
distribution of averages of data collecied from the respective triplet of the plurality of
pressure sensors. Pressure sensors in the plurality of pressure sensors may be
grouped into triplets based on physical proximity. For exampie, three pressure
sensors in the heel region of a diagnostic insole may be grouped together in a triplet.
Three pressure sensors in or near the ball-of-the-foot region of the diagnostic insolg
may be grouped together in another triplet.

[00267  For each triplet of pressure sensors, dala values corresponding o the
same time may be averaged, and a histogram may be generated using the averaged
values. For example, a firsi pressure sensor may collect 100 data values over a
period of fime, a second pressure sensor in the same triple! as the first pressure
sensor may collect 100 data values over the same period of time, and a third pressure
sensor in the same triplet may collect 100 data values over the same period of time,
Each of the 100 data vailues collected from the first pressure sensor may reflect an
amount of pressure applied to the first pressure sensor at a particular point in time,
and sach of the 100 data values collected from each of the second and third pressure
sensors may reflect an amount of pressure applied to the second and third pressure
sensors, respectively, at those same times. Each of the 100 data values collected
from the first pressure sensor may be averaged with the one of the 100 data values
collected from the second pressure sensor, and the one of the 100 dala values
collected from the third pressure sensor, that correspond o the same time, such that
100 average values are created. A hislogram may be generated using these 100
average vaiues. A histogram corresponding to a triplet of pressure sensors may allow
pressure values at a location in the middle of the triplet of sensors o be inferred (e.q.,
the histogram generated using average values may be used to infer the distribution

of data valuss that would have been collected if ancther pressure sensor had been
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placed in the middle of the friplet of pressure sensors whose data was averaged).
Instructions 212 may generate specifications Tor an orthosis based on the first,
sgeond, and third sets of histograms. The generation of specifications based on
averages of dala values may allow the resulting orthosis 0 be betler customized for
more regions of a person’s fool/other body part.

[0027]  As discussed above with respect to FIG. 1, data collected from the
plurality of pressure sensors may include pressurs values. Each pressure value may
indicate an amount of pressure applied to one of the plurality of pressure sensors at
a certain time. Instructions 216 may filter out pressure values below a threshold value.
For example, instructions 216 may filter out pressure values below (0.5 psi. Data
below the threshold value may have been collected during fimes when a person was
not putting pressure on his/her feel, for example when the person was sitling or lying
down. Fillerad-out pressure values may not be used o generale the first and second
sets of histograms. If a third set of histograms is generated, filtered-out pressurs
values may not be used o generate the third set of histograms. The exclusion of
fiitered-out pressure values from generated hislograms may allow the histograms o
more accurately characterize pressure values collecied when a person is on his/her
fest, and thus allow more accurate specifications for an orthosis {e.q., custont insole)
o be generated.

(00281  Instructions 218 may calculate, Tor gach of the plurality of pressure
sensors, an average of pressure values collected from the respective pressurs
sensor, For example, if a person wore a diagnostic insole for three days, an average
of all pressure values collected over the three days by a particular pressure sensor
on the diagnostic insole may be calculated. An average may be calculated for each
pressure sensor on the diagnostic insole. In some implementations, filtered-out
pressure values may not be included when calculating an average of pressure values
for a pressure sensor. Specifications for an orthosis may be generated based on the
calculated averages. For example, for a person who fends to stand/walkirun on
hisfher heels, an average of pressure values collected by a pressure sensor in the
heel region of a diagnostic insole may be higher than an average of pressure values
collected by a pressure sensor in the big-foe region of the diagnosiic insole.
Specifications for a custom insole may indicate that the custom insole should be

thinner in the heel region than in the big-toe region. The amount of the difference in
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thickness may be determined based on how much greater the average pressure
value for the pressure sensor in the heel region is than the average pressure value
for the pressure sensor in the big-toe region {e.g., the great the difference in average
pressure values, the greater the difference in thickness; the higher the average
pressure value, the thinner the custom inscle in the corresponding region).

(00297 In some implementations, specifications for an orthosis may includs
support values that correspond to respective thicknesses and/or densities of material,
For example, support values may be assigned to various regions of an orthosis based
on numerical values of averages of pressure values collected from pressure sensors
in the respective regions, relative values of averages of pressure values collected
from pressure sensors in the respeciive regions compared 10 averages of pressure
values collected from pressure sensors in other regions, andfor where dats values
are concentrated in histograms corresponding o pressure sensors {(or groups of
pressure sensors) in the respective regions. Higher support values may comrespond
to lower thickness measurements and/or higher density measuremenis. In some
implementations, a first support value for thickness and a second support value for
density may be generated for each region {e.g., determined based on locations of
pressure sensors in a diagnostic insole) of an orthosis.

[00301  FiG. 3 is a block diagram of an example system 300 for generating
specifications for an orthosis. System 300 may include a plurality of pressure
sensors 302, storage module 304, histogram module 3086, and specifications
module 308. A module may include a set of instructions encoded on a machine-
readable storage medium and executable by a processor of systern 300, In addition
or as an alternative, a module may include a hardwarg device comprising slectronic
circuitry for implementing the functionality described below.

00317 The plurality of pressure sensors 302 may be in various locations on
a diagnostic insole or other diagnostic support structure. For example, a diagnostic
insole having the plurality of pressure sensors 302 may be placed in a person's
shoe, and data may be coliected from the plurality of pressure sensors 302 as the
person goes about hisfher daily routine. Dala collected from the plurality of pressure
sensors 302 may include pressure values. Each pressure value may indicate an
amount of pressure applied {0 one of the plurality of pressure sensors at a certain

fime.



WO 2015/199699 PCT/US2014/044337

-0 -

(00327 Storage module 304 may store data collected from the plurality of
pressure sensors 302, In some implementations, the stored data may include data
collected from the plurality of pressure sensors 302 over a plurality of days. in some
implementations, storage module 304 may be embedded in a diagnostic insole/ other
support structure. In some implementations, storage module 304 may be on a
separate device from the diagnostic insole/other support structure. For example,
storage module 304 may be on a person’s smariphone. Data collected from the
plurality of pressure sensors 302 may be wirslessly ransmilted o the person's
smariphone and stored by storage module 304,

100337 Histogram module 308 may generate a plurality of histograms based
on the stored data. In some implementations, histogram module 306 may be
embedded in a diagnostic insole/other support structurs. In some implementations,
histogram module 308 may be on a separate device from the diagnostic insole/ other
support structure {8.g., on a person’s smariphone or on a server o which
collected/siored data is transmitted). The plurality of histograms may include a first
set of hislograms and a second set of histograms. Each histogram in the first sel of
histograms may correspond 1o a respective one of the plurality of pressure sensors,
and may characterize a distribution of data collected from the respective one of the
plurality of pressure sensors. The number of values in a bin of a histogram may be
directly proporiional to the amount of time the respective prassure sensor sensed an
amount of pressure in the value range of the bin, as discussed above with respect to
FiG. 1. Each histogram in the second sel of histograms may correspond o a
respective pair of the plurality of pressure sensors 302, and may characterize a
distribution of averages of data colleclted from the respective pair of the plurality of
pressure sensors 302, Pressure sensors in the plurality of pressure sensors 302 may
be pairad based on physical proximily, as discussed above with respect to FiG. 1.

[0034]  In some implementations, the plurality of histograms may include a
third set of histograms. Each histogram in the third set of histograms may correspond
to a respective triplet of the plurality of pressure sensors 302, and may characterize
a distribution of averages of data collecied from the respective friplet of the plurality
of pressure sensors 302. Pressure sensors in the pluralily of pressure sensors 302
may be grouped into triplets based on physical proximity, as discussed above with

respect o FIG. 2.
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(00351  Spedifications module 308 may generate, based on the plurality of
histograms, specifications for an orthosis. In some implementations, specifications
module 308 may be embedded in a diagnostic insole/other support structure. In some
implementations, specifications moduie 308 may be on a separale device from the
diagnostic insole/other support structure {e.q., on a person's smariphone or on 3
server {0 which collected/stored data is transmifted). The specifications may include
thickness and density measurements for various regions of the orthosis. The regions
may correspond {o locations of pressure sensors in a diagnostic insole/other support
structure. In some implementations, regions of the orthosis where a person fends o
put more pressure may be thinner and/or denser than regions of the orthosis where
the person tends 1o put less pressure, as discussed above with respect to FIG. 1.

[00367  FIG. 4 is a block diagram of an example system 400 for processing
data colleciad by pressure sensors. System 400 may include a plurality of pressure
sensors 402, siorage module 404, histogram module 406, specifications
module 408, filter module 410, and averages module 412, A module may include a
set of insiructions encoded on a machine-readable siorage medium and executable
by a procassor of system 400. In addition or as an altemative, a module may include
a hardware device comprising electronic circuitry for implementing the funclionality
described below.

100377 The plurality of pressure sensors 402 of system 400 may be analogous
to the pluraiity of pressure sensors 302 of FIG. 3. Modules 404, 406, and 408 of
system 400 may be analogous to modules 304, 306, and 308 of system 300. Slorage
module 404 may store dala coliected from the plurality of pressure sensors 402. The
stored data may include pressure values. Each pressure value may indicate an
amount of pressure applied {0 one of the plurality of pressure sensors at a certain
time. In some implementations, the stored data may include data collectad from the
plurality of pressure sensors 402 over a plurality of days.

00381 Filter module 410 may filter out pressure values below a threshold
value. In some implementations, filter module 410 may be embedded in a diagnostic
insole/other support structure. In some implementations, filter module 410 may be on
a separate device from the diagnostic insolefother support structure (s.g., on a
person’s smartphone or on a server o which collected/stored data is transmitted).

Data below the threshold value may have been collected during times when a person
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was not putiing pressure on his/her feet, for example when the person was silting or
lying down. Filtered-out pressure values may not be used (o generate the plurality of
histograms. The exclusion of filtered-out pressure values from generated histograms
may allow the histograms to more accurately characterize pressure values coliected
when a person is on histhear feel, and thus allow more accurale specifications for an
orthosis {e.g., custom insole) {0 be generated.

00381 Averages module 412 may calculate, for gach of the plurality of
pressure sensors 402, an average of pressure values coliected from the respective
pressure sensor. For example, if a person wore a diagnostic insole Tor two davs, an
average of all pressure valuss collected over the two days by a particular pressure
sensor on the diagnostic insole may be calculated. An average may be calculated for
each prassure sensor on the diagnostic insole. In some implementations, filtered-out
pressure values may not be included when calculating an average of pressure values
for a pressure sensor. In some implementations, averages maodule 412 may be
embedded in a diagnostic insole/other support structure. In some implementations,
averages module 412 may be on a separate device from the diagnostic insole/other
support structure {e.g., on a person’s smariphone or on a server o which
collected/stored data is transmitled). Specifications module 408 may generale
specifications for an orthosis based on the calculated averages, as discussed above
with respect {o FIG. 2. In some implemeantations, specifications for an orthosis may
include support values that correspond to respective thicknesses and/or densities of
material, as discussed above with respect to FIG. 2.

(00407 Methods relaled {o ocollecting data from pressure sensors for
purposes of creating a custom orthosis are discussed with respect fo FIGS. 5-7.
FIG. 5 is a flowchart of an example method 500 for generating support values for
an orthosis. Although execution of method 500 is described below with reference fo
processor 102 of FIG. 1, it should be understood that execution of method 500 may
be performed by other suitable devices, such as processor 202 of FIG. 2. Method 500
may be implemented in the form of execulable instructions stored on a machine-
readable storage medium and/or in the form of electronic circuitry.

(00417 Method 500 may start in block 502, where processor 102 may collect,
over a plurality of days, data from a plurality of pressure sensors. The plurality of

pressure sensors may be in various locations on a diagnostic insole. For example,
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a diagnostic insole having the plurality of pressure sensors may be placed in a
person's shoe, and data may be collected from the pluraiity of pressure sensors as
the person goes about his/her daily routine during the plurality of days. Dala
collected from the pluralily of pressure sensors may include pressure values. Each
prassure value may indicate an amount of prassure applied to one of the plurality of
pressure sensors at a certain fime.

100427 In block 504, processor 102 may generate a first set of histograms.
Each histogram in the first set of histograms may correspond o a respective one of
the plurality of pressure sensors, and may characlerize a distribution of data collected
from the respective one of the plurality of pressure sensors. The number of valugs in
a bin of a histogram may be directly proportional o the amount of ime the respeclive
prassure sensor sensed an amount of pressure in the value range of the bin, as
discussed above with respect to FIG. 1.

100431 In block 506, processor 162 may generate a second set of histograms.
Each histogram in the second set of histograms may correspond {0 a respective pair
of the piurality of pressure sensors, and may characterize a distribulion of averages
of data collected from the respective pair of the plurality of pressure sensors.
Prassure sensors in the plurality of pressure sensors may be paired based on
physical proximity, as discussed above with respect to FIG. 1. Although block 508 is
shown below block 504 in FIG. 5, it should be understood that elements of block 506
may be performed before or in parallel with elements of block 504.

(00447 In block 506, processor 102 may generate, based on the first and
second sels of hislograms, support values for an orthosis. A support value may
comespond o a particular thickness and/or density of material. In some
implementations, support values may be assigned to various regions of an orthosis
based on numerical values of averages of pressure values collected from pressure
sensors in the respective regions, relative values of averages of prassure values
collected from pressure sensors in the respective regions compared o averages of
pressure values coliected from pressure sensors in other regions, and/or where data
values are concentrated in histograms, of the first and second sels of histograms,
corrasponding 0 pressure sensors {(or groups of pressure sensors) in the respeciive
regions. Higher support valies may comrespond {o lower thickness measurements

and/or higher density measurements. In some implementations, a first support value
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for thickness and a second support value for density may be generated for each
region {e.g., determined based on localions of pressure sensors in a diagnostic
insole) of an orthosis.

100457  FIG. 6 is a flowchart of an example method 800 for generating a
model for a three-dimensional (30) printer 1o print an orthosis. Although execution
of method 600 is described below with reference 1o processor 202 of FIG. 2, i shouid
be undersicod that execution of method 600 may be performed by other suitable
devices, such as processor 102 of FIG. 1. Some blocks of method 600 may be
performed in parallel with and/or after method 500, Method 800 may be
implementsd in the form of execulable instructions stored on a maching-readable
storage medium and/or in the form of electronic circuifry.

(00481  Method 800 may start in block 802, where processor 202 may generate
a first set of histograms. In block 604, processor 202 may generate a second set of
histograms. Blocks 802 and 604 of FiG. 6 may be analogous to blocks 504 and 506,
respeclively of FIG. 5. Although block 604 is shown below biock 602 in FIG. 6, it
should be understood that elements of block 604 may be performed before or in
parallel with glements of biock 802.

100471 In block 608, processor 202 may generale a third set of histograms.
Each histogram in the third set of hislograms may correspond 1o a respective iriplet
of a plurality of pressure sensors, and may characlerize a distribution of averages of
data collected from the respective triplet of the plurality of pressure sensors. Pressure
sensors in the pluralily of pressure sensors may be grouped into triplets based on
physical proximily, as discussed above with respect fo FIG. 2.

(00487  In block 808, processor 202 may generale support values for an
orthosis based on the first, second, and third sets of histograms. In some
implementations, support values may be assigned to various regions of an orthosis
based on where data valugs are concentrated in histograms, of the first, second, and
third sets of histograms, corresponding to pressure sensors (or groups of pressure
sensors) in the respective regions. For example, i a histogram comresponding o a
first pressure sensor has a high concentration of daia valuss in high-value bins, a
high support value may be generated for a region of an orthosis corresponding o the
focation of the first pressure sensor. If a histogram corresponding to a second

pressure sensor has a high concentration of data values in low-value bins, a low
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support value may be generated for a region of the orthosis corresponding o the
focation of the second pressure sensor. In some implementations, a first support
value for thickness and a second suppori value Tor density may be generated foreach
region (e.g., determined based on localions of pressure sensors in a diagnostic
insole) of an orthosis.,

(00497  In block 810, processor 202 may determine, based on the support
values, thickness and density measurements for various regions of the orthosis. A
support value may correspond {0 a particular thickness and/or density of material.
Higher support values may comespond to lower thickness measurements andfor
higher density measurements.

00507 In biock 612, processor 202 may smocth support values to generate a
model for the orthosis. For example, fifteen support values may be generated, each
corresponding 10 a respective region of the orthosis and 10 a respective thickness
and/or density for the respective region. Processor 202 may apply a smocthing
function, such as a moving average function, to the fifteen support values 10 aliow a
more gradual fransition in thickness and/or density between different regions. The
generated model may be used by a 3D printer to print the orthosis. Thus, a 30 printer
may be ussd o print the orthosis without scanning a person’s foot or a cast! mold of
the person's foot.

(00517 FiG. 7 is a flowchart of an example method 700 for processing data
collected by pressure sensors. Although sexecution of method 700 is described below
with reference 10 processor 202 of FIG. 2, it should be understond that execution of
method 700 may be performed by other suitable devices, such as processor 102 of
FIG. 1. Some blocks of method 700 may be parformed in parailel with and/or after
method 500 and/or 600. Method 700 may be implemented in the form of executable
instructions stored on a machine-readable storage medium and/or in the form of
electronic circuiiry.

100527 Method 700 may start in block 702, where processor 202 may collect
data from a pluralily of pressure sensors. The plurality of pressure sensors may be in
various locations on a diagnostic insole. For example, a diagnostic insole having
the plurality of pressure sensors may be placed in a person’s shoe, and data may
be collected from the plurality of pressure sensors as the person goes about histher

daily routine. Data collected from the pluraiity of pressure sensors may include
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pressure values. Each pressure value may indicate an amount of pressure applied
to one of the plurality of pressure sensors at a certain time. In some implementations,
data may be collected from the plurality of pressure sensors over a plurality of days.

00537  In block 704, processor 202 may filler out pressure values below a
threshold value. For example, processor 202 may filter out pressure values below 0.3
psi. Data below the threshold value may have been collected during times when a
person was not putting pressure on histher feet, for example when the person was
sitting or lying down.

(00541  In block 706, processor 202 may generate a plurality of histograms.
The plurality of histograms may include a first set of histograms that characterize a
distribution of data collected from respeclive ones of the plurality of pressure sensors,
and a second set of histograms that characterize g distribution of averages of dala
collected from respective pairs of the plurality of pressure sensors, as discussed
above with respect to FIG. 1. Filtered-out pressure values may not be used o
generate the first and second sets of histograms. In some implementations, the
plurality of histograms may include a third set of histograms that characterize a
distribution of averages of data collected from respeclive triplets of the plurality of
pressure sensors, as discussed above with respect to FIG. 2. Fillered-out prassure
values may not be used to generate the third set of histograms. The exclusion of
filtered-out pressure values from generated histograms may allow the hisiograms fo
more accurately characterize pressure values collected when a person is on histher
feet, and thus allow more accurate specifications for an orthosis (2.¢., custom insole)
o he generated.

(00557 In block 708, processor 202 may caloulate, for each of the plurality of
pressure sensors, an average of pressure values collected from the respective
pressure sensor. For example, if a person wore a diagnostic insole for three days,
processor 202 may calculate an average of aill pressure values collected over the
three days by a particular pressure sensor on the diagnostic inscle. Processor 202
may calculate an average for each pressure sensor on the diagnostic insole. In some
implementations, fillered-out pressure values may nol be included when caloulaling
an average of pressure values for a pressure sensor.

100567  In block 710, processor 202 may generate support values based onthe

plurality of histograms and the calculaled averages. In some implementations,
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support values may be assigned to various regions of an orthosis based on numerical
values of averages of pressure valugs collected from pressure sensors in the
respective regions, relative values of averages of pressure valuss collected from
pressure sensors in the respedclive regions compared 0 averages of pressure values
collected from pressure sensors in other regions, and/or where data values are
concentrated in histograms corresponding 1o pressure sensors {or groups of pressure
sensors) in the respective regions. Support vaiues may correspond 1o respective
thicknesses and/or densities of malerial, as discussed above with respect to FIG. 2.
In some implementations, a first support value for thickness and a second support
value for density may be generated for each region {e.g., determined based on
focations of pressure sensors in a diagnostic insole) of an orthosis.

[0057]1  The foregoing disclosure describes using a diagnostic inscle/other
support structure having a plurality of pressure sensors to colleci data as a person
goes about hisfher daily activities. Example implementations described herein
enable the creation of a custom orthosis suiled to actual conditions in a person's

daily life,
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1. A machine-readable storage medium encoded with instructions
exscutable by a processor, the machine-readable storage medium comprising:
instructions to coliect data from a plurality of pressurs sensors;
instructions o generale a first sel of histograms, wherein each histogram in
the first set of histograms:
corresponds o a respective oneg of the plurality of pressure sensors,
and
characterizes a dislribulion of data collected from the respective one
of the plurality of pressure sensors;
instructions to generate a second set of histograms, wherein each
histogram in the second set of histograms:
corresponds [0 g respective pair of the plurality of pressure sensors,
and
characterizes a distribution of averages of data collected from the
respective pair of the plurality of pressure sensors; and
instructions to generate, based on the first and second seis of histograms,

specifications for an orthosis.

2. The machine-readable storage medium of claim 1, further comprising
instructions to generate a third set of histograms, wherein:

each histogram in the third set of histograms cormrgsponds {0 a respeclive
triplet of the plurality of pressure sensors;

gach histogram in the third set of histograms characierizes a distribution of
averages of data collected from the respective triplet of the plurality of pressure
sensors; and

specifications for the orthosis are generaled based on the first, second, and

third sets of histograms.

3. The machine-readable storage medium of claim 1, wherein the collected
data comprises pressure values, each pressure value indicaling an amount of

pressure applied to one of the plurality of pressure sensors at a cerlain time, the
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machine-readable storage medium further comprising instructions to filter out
pressure values below a threshold value, and wherein fillered-out pressure values

are not used 0 generate the first and second sets of histograms.

4. The machine-readable storage medium of claim 1, wherein data is

collected from the plurality of pressure sensors over a plurality of days.

5. The machine-readable storage medium of daim 1, whersin the collecled
data comprisgs pressure valugs, each pressure value indicating an amount of
pressure appiied to one of the plurality of pressurs sensors at a cerfain tims, the
machine-readable slorage medium further comprising instructions to calcuiate, for
each of the plurality of pressure sensors, an average of pressure values collected
from the respective pressure sensor, wherein specifications for the orthosis are
generated based on the calculated averages.

6. The maching-readable storage medium of claim 1, wherein the
specifications comprise thickness and density measurements for various regions

of the orthosis.

7. A system comprising:
a plurality of pressure sensors;
a storage module 1o siore data collected from the plurality of pressure
SEN8OS;
a histogram module 1o generate a plurality of histograms based on the
stored data, the plurslity of histograms comprising:
a first set of histograms, wherein each histogram in the first sef of
histograms:
corresponds o a respective one of the plurality of pressure sensors,
and
characterizes a distribution of dala collected from the respeciive one
of the pluraiity of pressure sensors; and
a second set of histograms, wherein each histogram in the second

set of histograms:
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corresponds o a respective pair of the plurality of pressure
sensors, and

characterizes a distribution of averages of data collscied from
the respective pair of the plurality of pressure sensors; and
a specifications module 1o generate, based on the plurality of

histograms, specifications for an orthosis.

8. The system of claim 7, wherein:

the plurality of histograms further comprises a third set of histograms;

each histogram in the third set of histograms cormrgsponds {0 a respeclive
triplet of the pluralily of pressure sensors; and

each histogram in the third set of histograms characierizes a distribution of
averages of data collected from the respective triplet of the plurality of pressure

SENSOrs.

9. The system of claim 7, wherein the slored data comprises pressure
values, each pressure value indicating an amount of pressure applied {0 ong of the
plurality of pressure sensors at a certain time, the system further comprising:

a filler module to filter oul pressure values below a threshold value, whersin
filtered-out pressure values are not used o generate the plurality of histograms;
and

an averages module (0 caiculate, for sach of the plurality of pressure
sensors, an average of pressure values collected from the respective pressure
sensor, wherein the specifications module is further 1o generate specifications for

the orthosis based on the calculaled averages.

10. The system of claim 7, wherein the stored data comprises data coliected

from the plurality of pressure sensors over a plurality of days.

11. A method comprising:
collecting, over a plurality of days, data from a plurality of pressure sensors;
generating a first set of histograms, wheresin gach histogram in the first sst

of histograms:
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corresponds [0 g respective oneg of the plurality of pressure sensors,
and

characterizes a distribution of data collected from the respective one
of the plurality of pressure sensors;
generaling a second set of hislograms, wherein each histogram in the

second set of histograms:

corresponds o a respective pair of the plurality of pressure sensors,
and

characterizes a distribution of averages of dafa collected from the
respective pair of the plurality of pressure sensors; and

generating, based on the first and second sets of histograms, support

values for an orthosis.

12. The method of daim 11, further comprising generating a third set of
histograms, wherain:

each histogram in the third sel of histograms corresponds o a respeclive
triplet of the plurality of pressure sensors;

each hisiogram in the third set of histograms characterizes a distribution of
averages of data collected from the respective triplet of the plurality of pressure
sensors; and

support values for the orthosis are generated based on the first, second,

and third sets of histograms.

13. The method of claim 11, further comprising determining, based on the
support values, thickness and density measurements for varicus regions of the

orihosis.

14. The method of claim 11, further comprising smoothing support values
to generate a model for the orthosis, wherein the generated model is used by a

three-dimensional (3D) printer to print the orthosis.
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15. The method of claim 11, wherein the collected dala comprises pressure
values, each pressure value indicating an amount of pressure applied {0 ong of the
plurality of pressure sensors at a certain time, the method further comprising:

filtering out pressure values below a threshold value, wherein filtered-out
pressure values are not used {0 generale the first and second seis of histograms;
and

caiculating, for each of the plurality of pressure sensors, an average of
pressure values coollecled from the respective pressure sensor, whersin ths

support vaiues are generated based on the calculated averages.



WO 2015/199699

116

PCT/US2014/044337

100
N
104 \\ Machine-Readable
Storage Medium
Collect data
Processor

102

Generate first set of
histograms

Generate second set of
histograms

Generate specifications

Lo Lo Lo L

e 108

e 108

e 110

e 112




WO 2015/199699

PCT/US2014/044337

216

204 \

Processor

Machine-Readable
Storage Medium

Collect data

Generate first set of
histograms

202

Generate second set of
histograms

Generatle specifications

Generate third set of
histograms

Filter pressure values

Calculate averages of pressure
values

loLoo Lo L L L L

e 2006

S 208

e 210

e 212

s 214

e 216

e 218




WO 2015/199699 PCT/US2014/044337

3/6

300 \

PRESSURE SENBORS

Storage module ~

Histogram module “\\
306

Specifications module w\
308

FIG. 3

400 \

PRESSURE SENSORS

Storage module =

Histogram module =

Filter module =

Averages module ~

N
A
Specifications module ».\\‘
A
N

FIG. 4



WO 2015/199699

500 ¥

4/6

PCT/US2014/044337

Collect data from plurality of pressure
SeNsors

Generate first set of histograms

Generate second set of histograms

Generate support values




WO 2015/199699 PCT/US2014/044337

5/6

600~

Generate first set of histograms .
602

¥

Generate second set of histograms .
604

¥

Generate third set of histograms .
606

2

Generate support values S
808

B

Determine thickness and density
measurements TN 610

il

Smooth support values .
612

FIG. 6



WO 2015/199699 PCT/US2014/044337

6/6

700 ™y

Collect data from plurality of pressure

SENSOrs N 702
W
Filter pressurs values
704
A3
Generate histograms
I 706

Calculate averages of pressure values .
708

Generate support values .
710

FIG. 7



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/044337

A. CLASSIFICATION OF SUBJECT MATTER
GOGF 19/00(2011.01)i, AG1F 2/76(2006.01)i, AG1F 3/00(2006.01)i, A43B 13/38(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOO6F 19/00; A43B 13/38; GO1D 9/00; GO1K 13/00; A61B 5/103; A61F 2/76; A61F 3/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: insole, pressure, sensor, distribution, histogram, and similar terms.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2011-0214501 A1 (JANICE MARIE ROSS et al.) 08 September 2011 1-15
See paragraphs [0073], [0091] and [0107]-[0108]; claim 1; and
figures 1, 10 and 19.

Y US 2006-0070260 A1 (PETER R. CAVANAGH et al.) 06 April 2006 1-15
See paragraphs [0044]-[0045]; and figures 9A and 11.

A US 6,183,425 B1 (ROBERT T. WHALEN et al.) 06 February 2001 1-15
See column 9, line 30 — column 10, line 11; and figures 6-9.

A US 6,505,522 B1 (JEAN-PIERRE WILSSENS) 14 January 2003 1-15
See column 5, linel9 - column 6, line 28; and figure 3.

A US 2008-0109183 Al (RAHMAT A. SHOURESHI et al.) 08 May 2008 1-15
See paragraphs [0018]-[0026]; and figure 1.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) 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 "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
25 February 2015 (25.02.2015) 25 February 2015 (25.02.2015)
Name and mailing address of the I[SA/KR Authorized officer EREN

International Application Division

+ Korean Intellectual Property Office NH :

g

189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701, 0.4 Myong
Republic of Korea

Facsimile No. ++82 42 472 3473 Telephone No. +82-42-481-8528
Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/044337

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2011-0214501 Al 08/09/2011 EP 2688472 Al 29/01/2014
EP 2688472 A4 27/08/2014
US 8384551 B2 26/02/2013
WO 2012-128801 Al 27/09/2012

US 2006-0070260 Al 06/04/2006 CA 2587090 Al 30/03/2006
EP 1815346 A2 08/08/2007
EP 1815346 A4 22/12/2010
US 2007-0163147 Al 19/07/2007
US 7206718 B2 17/04/2007
WO 2006-034261 A2 30/03/2006
WO 2006-034261 A3 14/12/2006

US 6183425 Bl 06/02/2001 None

US 6505522 Bl 14/01/2003 EP 0970657 Al 12/01/2000
EP 0970657 Bl 09/06/2004

US 2008-0109183 Al 08/05/2008 US 7716005 B2 11/05/2010
WO 2008-058051 A2 15/05/2008
WO 2008-058051 A3 11/12/2008

Form PCT/ISA/210 (patent family annex) (July 2009)




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

