2012/097156 A2 NI 000 010 R OO 0

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

19 July 2012 (19.07.2012)

WIPOIPCT

(10) International Publication Number

WO 2012/097156 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification:
GO5B 19/18 (2006.01) AG61F 2/68 (2006.01)
HO4W 4/04 (2009.01)

International Application Number:
PCT/US2012/021084

International Filing Date:
12 January 2012 (12.01.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/432,093 12 January 2011 (12.01.2011) US

Applicant (for all designated States except US): IWALK,
INC. [US/US]; 4 Crosby Drive, Bedford, MA 01730 (US).

Inventors; and

Inventors/Applicants (for US only): HAN, Zhixiu
[CN/US]; 135 Butternut Hollow, Acton, MA 01718 (US).
BARNHART, Christopher, Eric [US/US]; 59 Rutland
Street, Carlisle, MA 01741 (US). GARLOW, David
[US/US]; 300 Summer Street, Lynnfield, MA 01940 (US).
BOLGER, Adrienne [US/US]; 3 Granite Street, Cam-
bridge, MA 02139 (US). HERR, Hugh, M. [US/US]; 51
Montrose Street, Somerville, MA 02143 (US). GIRZON,
Gary [US/US]; 166 Goodman Hill Road, Sudbury, MA
01776 (US). CASLER, Richard, James, Jr. [US/US];
525 Pawtucket Blvd., #401, Lowell, MA 01854 (US). MC-
CARTHY, Jennifer, T. [US/US]; 35 Range Road, Con-
cord, MA 01742 (US).

(74

(8D

(84)

Agents: WADEKAR, Suhrid et al,; Goodwin Procter
LLP, Exchange Place, Boston, MA 02109 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: CONTROLLING POWERED HUMAN AUGMENTATION DEVICES

(57) Abstract: In a communication system for controlling a powered human augmentation device, a parameter of the powered
device is adjusted within a gait cycle by wirelessly transmitting a control signal thereto, whereby the adjusted parameter falls within
a target range corresponding to that parameter. The target range is selected and the device parameters are controlled such that the
powered device can normalize or augment human biomechanical function, responsive to a wearer's activity, regardless ot speed and
terrain and, in effect, provides at least a biomimetic response to the wearer of the powered device.



10

15

20

25

WO 2012/097156 PCT/US2012/021084

CONTROLLING POWERED HUMAN AUGMENTATION DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims priority to and the benefit of U.S. Provisional Patent
Application Serial No. 61/432,093, filed on January 12, 2011, the entire content of which is

hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] This invention relates generally to powered human augmentation devices, such as
lower-extremity prosthetic orthotic, or exoskelton apparatus, designed to emulate human
biomechanics and to normalize function, components thereof, and methods for controlling the

same.

BACKGROUND

[0003] Approximately 65% of service members seriously injured in Iraq and Afghanistan
sustain injuries to their extremities. Many of these individuals experience muscle tissue loss
and/or nerve injury, resulting in the loss of limb function or substantial reduction thereof.
Injuries to the lower leg can be particularly devastating, due to the critical importance of the
ankle in providing support for body position and in propelling the body forward economically
during common functions, such as level-ground walking and the ascent and descent of stairs
and slopes.

[0004] Increasingly, robotic technology is employed in the treatment of individuals
suffering from physical disability, either for the advancement of therapy tools or as permanent
assistive devices. An important class of robotic devices provides therapy to the arms of stroke
patients. Additionally, lower-extremity robotic devices have been developed for the
enhancement of locomotor function. Although decades of research has been conducted in the
area of active permanent assistive devices for the treatment of lower-extremity pathology,
many of these devices are not designed to produce a biomimetic response, generally described
in terms of joint torque, joint angle, and other related parameters as observed in a human not

having substantial muscle tissue injury and not using any device to assist in ambulation.
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Therefore, these robotic devices may cause discomfort to the wearer. The commercially
available ankle-foot orthotic devices are generally passive, non-adaptive devices.

[0005] Some powered prosthetic and orthotic devices have been described in co-pending
U.S. Patent Application No. 12/157,727 “Powered Ankle-Foot Prosthesis™ filed on June 12,
2008 (Publication No. US2011/0257764 Al); co-pending U.S. Patent Application No.
12/552,013 “Hybrid Terrain-Adaptive Lower-Extremity Systems” filed on September 1, 2009
(Publication No. US2010/0179668 A1l); co-pending U.S. Patent Application No. 13/079564
“Controlling Power in a Prosthesis or Orthosis Based on Predicted Walking Speed or Surrogate
for Same” filed on April 4, 2011; co-pending U.S. Patent Application No. 13/079571
“Controlling Torque in a Prosthesis or Orthosis Based on a Deflection of Series Elastic
Element” filed on April 4, 2011; and co-pending U.S. Patent Application No. 13/347443
“Powered Joint Orthosis” filed on January 10, 2012. These powered devices are adopted to
provide at least a biomimetic response and can eliminate or mitigate slapping of the foot after
heel strike (foot slap) and dragging of the toe during swing (toe drag). In general, a biomimetic
response refers to a range of responses from humans and can vary according to the wearer of
the powered device and the nature and environment of the wearer’s activity. As such, even the
powered devices described above need to be tailored or calibrated to the wearer so as to reliably
provide a biomimetic response. Therefore, there is a need for systems and methods of
controlling permanent assistive devices for the treatment of lower-extremity pathology to

achieve optimal wearer comfort and satisfaction.

SUMMARY
[0006] In various embodiments, the present invention provides systems and methods that
can dynamically control a powered prosthetic/orthotic human augmentation device, such that
the device can provide and maintain at least a biomimetic response during the wearer’s activity.
This is achieved, in part, by recording within a gait cycle typical ranges of various ambulation-
related parameters in humans not having substantial muscle tissue injury and not using any
device to assist in ambulation. A user interface is provided that enables an operator, the
wearer, or another person to adjust various parameters of the powered device such that the
response of the powered device, as described in terms of the ambulation-related parameters, is
substantially similar to the recorded ranges of those parameters, i.e., at least biomimetic. These

adjustments may be carried out in a training mode, during actual use, or both. The parameters
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of the powered device may also be adjusted or modified according to the wearer’s
characteristics, such as weight, desired walking speed, etc. and/or according to ambulation
patterns, such as slow walking, walking in incomplete steps or shuffling, etc. Moreover, the
parameters of the powered device may also be adjusted or modified according to terrain and
activity, e.g., walking upslope, downslope, ascending and/or descending stairs, etc.
Accordingly, a biomimetic response of the powered prosthetic/orthotic device can be
maintained throughout the duration of the wearer’s activity, regardless of terrain, walking
speed, etc.

[0007] In one aspect, embodiments of the invention feature a method of controlling a
powered human augmentation device. The method includes adjusting a parameter of the
powered device within a gait cycle by wirelessly transmitting a control signal thereto. After
adjustment based on the control signal, the adjusted parameter falls within a target range
corresponding to that parameter, providing at least a biomimetic response to a wearer of the
powered device. The parameter may be net work, toe-off angle, peak power applied by the
powered device, or timing of the peak power relative to the gait cycle. In some embodiments,
more than one or even all of these parameters are adjusted. The target range corresponding to
the parameter may be a function of ambulation speed and/or ambulation pattern. The adjusting
step may also be based, at least in part, on one or more of the ambulation speed, ambulation
pattern, terrain, and activity. The activity may include walking on level ground, walking on
uneven ground, walking upslope, walking downslope, ascending stairs, and/or descending
stairs.

[0008] In some embodiments, the adjusting step is related to one or more of weight of the
wearer, early-stance stiffness, power applied by the powered device, timing of application of
power, hard-stop sensitivity, and a speed threshold for low-power mode of the powered device.
The adjusted parameter may also include a gain in a positive force-feedback control loop that
can adjust the power applied by the powered device and/or an exponent in a positive force-
feedback that can adjust the timing of the application of power.

[0009] In some embodiments, the method includes the step of receiving a data signal from
the powered device, such that adjusting the parameter is based at least in part on the received
data signal. The received data signal may be related to one or more of rate of plantar flexion,

heel rise, and ambulation-step length. The control signal may be transmitted during a training
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mode, a use mode, or both. The method may also include the step of storing the transmitted
control signal for subsequent retransmission thereof.

[0010] In another aspect, a communication system for interfacing with a powered human
augmentation device includes a wireless transmitter for adjusting a parameter of the powered
device. The parameter is adjusted within a gait cycle by transmitting a control signal to the
powered device, such that the adjusted parameter falls within a target range corresponding to
that parameter. This provides at least a biomimetic response to a wearer of the powered device.
[0011] The parameter may be net work, toe-off angle, peak power applied by the powered
device, or timing of the peak power relative to the gait cycle. In some embodiments, more than
one or even all of these parameters are adjusted. The target range corresponding to the
parameter may be a function of ambulation speed and/or ambulation pattern. The adjustment
of the parameter may also be based, at least in part, on one or more of the ambulation speed,
ambulation pattern, terrain, and activity. The activity may include walking on level ground,
walking on uneven ground, walking upslope, walking downslope, ascending stairs, and/or
descending stairs.

[0012] In some embodiments, the parameter adjustment is related to one or more of weight
of the wearer, early-stance stiffness, power applied by the powered device, timing of
application of power, hard-stop sensitivity, and a speed threshold for low-power mode of the
powered device. The adjusted parameter may also include a gain in a positive force-feedback
control loop that can adjust the power applied by the powered device and/or an exponent in a
positive force-feedback that can adjust the timing of the application of power.

[0013] In some embodiments, the communication system includes a receiver for receiving a
data signal from the powered device, such that adjusting the parameter is based at least in part
on the received data signal. The received data signal may be related to one or more of rate of
plantar flexion, heel rise, and ambulation-step length. The control signal may be transmitted
during a training mode, a use mode, or both. The communication may also store the
transmitted control signal for subsequent retransmission thereof.

[0014] The powered augmentation device may be a prosthetic device or an orthotic device,
such as an exoskeleton. In some embodiments, the wireless transmitter is adapted to transmit
the control signal to a second powered human augmentation device. The wireless transmitter
may include a transmitter of a mobile device, and the mobile device can be a cell phone, a

personal digital assistant, or a tablet PC.
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[0015] In yet another aspect, various embodiments feature an article of manufacture,
including a non-transitory machine-readable medium storing instructions. The instructions,
when executed by a processor, configure the processor to adjust a parameter of the powered
device within a gait cycle by wirelessly transmitting a control signal thereto. After adjustment
based on the control signal, the adjusted parameter falls within a target range corresponding to
that parameter, providing at least a biomimetic response to a wearer of the powered device.
[0016] These and other objects, along with advantages and features of the embodiments of
the present invention herein disclosed, will become more apparent through reference to the
following description, the accompanying drawings, and the claims. Furthermore, it is to be
understood that the features of the various embodiments described herein are not mutually
exclusive and can exist in various combinations and permutations. As used herein, the term

“substantially” means +10% and, in some embodiments, +5%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the present invention are described with
reference to the following drawings, in which:

[0018]  Figure 1 depicts an exemplary prosthetic device and a communication system
according to one embodiment;

[0019]  Figures 2a-2d depict various joint parameters within a gait cycle, describing
respective biomimetic responses;

[0020]  Figures 3a-3e depict steps of adjusting various parameters of a powered device
according to one embodiment; and

[0021]  Figure 4 shows various parameters of a powered device that may be adjusted, and the

ranges of those parameters, according to one embodiment.

DESCRIPTION
[0022]  The entire contents of each of U.S. Patent Application No. 12/157,727 “Powered
Ankle-Foot Prosthesis” filed on June 12, 2008 (Publication No. US2011/0257764 A1); U.S.
Patent Application No. 12/552,013 “Hybrid Terrain-Adaptive Lower-Extremity Systems” filed
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on September 1, 2009 (Publication No. US2010/0179668 Al); U.S. Patent Application No.
13/079564 “Controlling Power in a Prosthesis or Orthosis Based on Predicted Walking Speed
or Surrogate for Same” filed on April 4, 2011; U.S. Patent Application No. 13/079571
“Controlling Torque in a Prosthesis or Orthosis Based on a Deflection of Series Elastic
Element” filed on April 4, 2011; and U.S. Patent Application No. 13/347443 “Powered Joint
Orthosis” filed on January 10, 2012 are incorporated herein by reference. Figure 1 shows a
BiOM™ Ankle 102, a powered prosthetic ankle available from iWalk, Inc. (Bedford, MA), and
a smart phone 104 for controlling/tuning various parameters of the BIOM Ankle 102. The
smart phone 104 includes a transmitter 106 for sending one or more control signals to the
BiOM Ankle 102, whereby one or more parameters of the BiIOM Ankle 102 can be adjusted.
The smart phone 104 also includes a receiver 108 for receiving parameter values as data signals
from the BiOM Ankle 102 which has a corresponding transmitter and receiver capability.
These data signals can be used to adjust the values of the corresponding and/or other
parameters of the BIOM Ankle 102. To facilitate convenient adjustment of various parameters,
the BiOM Ankle 102 provides a user interface that includes a software application and
firmware. The software application, implemented in Java for the Android 2.1 Operating
System, may be run on the smart phone 104. The software application builds a packet structure
that is sent out over Android’s Bluetooth hardware interface. Corresponding software on the
BiOM Ankle 102, written in C and stored in the firmware of the BiIOM Ankle 102, receives
commands from the same packet structure, and adjusts the operation of the BiOM Ankle 102
accordingly.

[0023] It should be understood that the BIOM Ankle 102 and the smart phone 104 are
illustrative only and, in general, a powered human augmentation device can be any powered
prosthetic, orthotic and/or exoskeleton device that can assist in ankle, knee, and/or hip function.
Uses in other joint devices are also contemplated. The communication system, in general, can
be any mobile communication device capable of communicating with the powered device.
Exemplary mobile communication devices include smart phones, personal digital assistants
(PDAs, such as a BlackBerry), tablet computers, etc. The communication between the
communication system and the powered device may be established via wireless link such as
Bluetooth, WiFi, etc., or via a wired link. The software applications run on the BiOM Ankle
102 and the smart phone 104 may also be written in any other programming languages and/or

may be provided as circuitry.
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[0024]  Various parameters of the BiOM Ankle 102 (or in any powered human augmentation
device, in general) are controlled using the smart phone 104, such that the BIOM Ankle 102
produces at least a biomimetic response. Such a response may enable a wearer of the powered
device to ambulate in a natural manner, e.g., in a manner in which a typical human not using a
powered device walks (i.e., slowly or briskly), ascends/descends stairs, etc. In addition to
enabling ambulation with a natural feel, a powered device producing at least a biomimetic
response can also decrease stress on other body parts of the human, e.g., on knees and hips
while using the BiIOM Ankle 102. As a result, net metabolic cost of transport to the wearer can
be minimized.

[0025] In one embodiment, a biomimetic response of a human can be characterized by four
parameters, namely, net work, toe-off angle, peak power, and peak-power timing. Each of
these parameters varies according to the human’s ambulation speed. Net work is the time
integral of mechanical power applied by the powered device (e.g., the BIOM Ankle 102) during
one ambulation step (i.e., gait cycle). Figure 2a shows that for typical humans, who do not
have injured muscle tissue and do not use a powered augmentation device, the net work
normalized according to the human’s weight varies according to the walking speed, but stays
within a certain range. For example, at a walking speed of about 1.5 m/s, the normalized net
work may be in the range of about 0.1 — 0.25 J/kg, and at a walking speed of about 2 m/s the
normalized net work may be in the range of about 0.2 — 0.4 J/kg.

[0026] A net-work response of a powered augmentation device is biomimetic if the net work
produced by the device remains within a range corresponding to the ambulation speed, i.e.,
substantially within the dashed lines 202, 204. If the net-work response of the powered device
falls outside the range indicated by the lines 202, 204, one or more parameters of the device can
be tuned using the communication system, e.g., the smart phone 104, (as described below),
such that the net work is adjusted to fall within a desired range.

[0027]  Figure 2b depicts a relationship between the toe-off angle and walking speed for a
typical human. If the toe-off angle while using a powered augmentation device is not
substantially the same as that indicated by the dashed line 206, the foot may not be
plantarflexing sufficiently. Therefore, one or more parameters of the powered device (e.g.,
BiOM Ankle 102) may be tuned using the smart phone 104.

[0028]  Figures 2c and 2d depict the peak power delivered by a typical human and timing

within a gait cycle at which the peak power is delivered, respectively. If the peak power to the
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ankle (a joint, in general) delivered by a powered augmentation device does not fall within the
range indicated by the dashed lines 208, 210, the wearer receives too little or too much power.
If the powered augmentation device delivers the peak power at a time less than that indicated
by line 212, the peak power may be delivered too early, i.e., significantly before the time at
which the powered plantar flexion state of the gait cycle begins. In this case, the wearer might
feel that the ankle is lifting up but not pushing/propelling forward sufficiently. On the other
hand, if the powered augmentation device delivers the peak power at a time substantially
greater than that indicated by the line 212, the peak power may be delivered too late, i.e.,
significantly after the time at which the powered plantar flexion state of the gait cycle begins.
In this case, the wearer might feel that the ankle is pushing forward but not lifting up
sufficiently.

[0029] In any of the scenarios describe above, unlike a typical human, the wearer may not
receive adequate power to the ankle at the time of toe off, resulting in unnatural ambulation.
Therefore, one or more parameters of the powered device may be adjusted such that at a certain
ambulation speed the peak power applied by the device remains substantially within the range
indicated by the dashed lines 208, 210. Moreover, one or more parameters may also be
adjusted such that the timing within the gait cycle at which the powered device delivers the
peak power corresponds generally to that indicated by the line 212.

[0030] In general, by tuning one or more parameters of the powered augmentation device
using a communication system, each of the net work, toe-off angle, peak power, and peak
power timing can be adjusted, such that the powered device delivers at least a biomimetic
response to the wearer. In some instances, the parameters such as the peak power and peak
power timing can be adjusted directly. In other instances, other related parameters, e.g., heel
stiffness, are adjusted using the communication system, which in turn causes an adjustment of
the parameters described with reference to Figures 2a-2d.

[0031]  With reference to Figures 3a-3e, in an exemplary tuning process 300, a
communication system (phone for convenience, hereafter) scans for a powered augmentation
device within the phone’s range, in step 302. When any such devices are located, one of them
may be selected and a Bluetooth connection is established with that device in step 304, pairing
the phone with the selected powered device. In general, the phone can be paired with more
then one powered devices. In step 306, the wearer’s ID and weight are entered and the

transmitter of the phone may supply the weight to the paired power device by sending a control
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signal thereto. The wearer’s weight may range from about 100 1bs up to about 300 Ibs.
Various parameters of the powered device adjusted subsequently may be adjusted according to
the wearer’s weight.

[0032] In step 308, a powered ankle device is tuned by selecting “Tune Ankle.” In other
embodiments, other joints such as knee or hip may be tuned alternatively or in addition. In step
310, the wearer walks at a self-selected walking speed (SSWS), and an operator i.e., the wearer
himself/herself or another person (clinician, researcher, etc.) adjusts “stiffness,” e.g., by
gradually increasing it from zero. In response, the rate of plantar flexion may change, which is
observed by the operator, or the wearer may inform it to the operator. In some embodiments, a
sensor of the powered device may sense the rate of plantar flexion and may transmit a
corresponding data signal to the phone. The phone may then display the sensed rate to the
operator. In the step 308, the operator adjusts the stiffness so as to achieve a desired rate of
plantar flexion which, in turn, adjusts one or more of the net work, toe-off angle, peak power,
and peak power timing.

[0033] In step 312, the power applied by the powered augmentation device is adjusted by
asking the wearer to walk at SSWS. The operator gradually increases the power from an initial
value (e.g., zero percent) until the wearer verifies that powered plantar flexion is engaged
correctly, i.e., adequate power is received approximately at the time the ankle dorsiflexion is at
a maximum level. Increasing (decreasing) the power may include increasing (decreasing) a
gain parameter in a positive-feedback system of the powered device that delivers the power. In
some embodiments, correct engagement of the powered plantar flexion can be verified by
analyzing various sensors signals detected by the powered augmentation device and transmitted
to the communication system as data signals. The received data signals may relate to
parameters such as heel rise, walking-step length, and tracking performed during the swing
phase. The operator may also manually (e.g., visually) compare values of these parameters
with their values corresponding to a previous power setting, so as to identify the power setting
that results in at least a biomimetic response as described above and/or the wearer’s preference.
[0034] The timing at which peak power is applied by the powered augmentation device
(e.g., the BiIOM Ankle 102 shown in Figure 1) is adjusted in step 314 by asking the wearer to
walk at SSWS. The operator adjusts the “Power Trigger” timing such that power is delivered
at terminal stance, i.e., approximately at the time the ankle dorsiflexion is at a maximum level.

Adjusting the power timing may include adjusting an exponent parameter in a positive-
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feedback system that delivers the power. Whether the timing is correct may be verified by the
wearer. The operator may also verify that gait cycle is balanced and that a desired knee flexion
is maintained during stance. Alternatively, or in addition, data signals corresponding to various
parameters of the powered device may be received therefrom, and used to guide adjustment of
the power trigger. Adjusting the timing of application peak power enables timely powered
plantar flexion at toe off. This adjustment can also allow the wearer to take a full step using the
leg having any injured muscle tissue.

[0035] When a wearer prefers to walk at a speed slower than the SSWS, the parameters of
the powered device may be readjusted, to provide a biomimetic response corresponding to the
slower speed, in part, and also to conserve battery life, in part. To this end, in step 316, the
wearer is asked to walk at a slower speed, and the power is adjusted down from an initial value
(e.g., 100%) which may be the power setting for the SSWS, to a “slow-walk mode” setting.
The power may be adjusted according to the wearer’s preference and/or according to
parameters such as heel rise, walking-step length, and tracking performed during the swing
phase. The values of these parameters may be received from the powered device as data
signals and/or may be observed by the operator similarly as described in the step 310.

[0036] The slow-walk mode can also be used to adjust parameters according to the wearer’s
ambulation pattern, e.g., when the wearer does not take full steps or shuffles. In the step 318, a
threshold at which the BiOM Ankle’s slow-walk mode, also called “low-power” mode engages
can also be adjusted. In addition to conserving battery life, the slow-walk mode setting can
increase walking efficiency at a slower speed and can also enhance the real-time response of
the ankle.

[0037] In step 320, the hard-stop sensitivity of the powered device can be adjusted. The
hard stop corresponds to the wearer’s walking speed, and the maximum dorsiflexion angle
embodied within the design of the powered device. Generally, the small angular displacements
that occur after engagement of the hard-stop are used to estimate ankle torque. This torque is
an important input to the positive force feedback. By slightly changing this torque model
parameter, an increased or decreased reflex torque adjustment can be made which is
particularly useful for slow walking performance. The hard-stop sensitivity can be increased
such that the powered device delivers more power (e.g., compared to the power setting for the
SSWS) early in the gait cycle, and the hard-stop sensitivity can be decreased such that

relatively less power is delivered later in the gait cycle.
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[0038] The communication device can also facilitate adapting the powered device to terrain
and/or the wearer’s activity. For example, power and/or timing of peak power can be adjusted
to provide additional power when the wearer is walking upslope. These adjustment can be
made as described with reference to the steps 312, 314. If the wearer is walking downslope,
these parameters can be adjusted to provide adequate plantar flexion and knee stability when
the foot rests flat on a surface. The phone (the communication system, in general) can set the
powered device to operate in “Stair Mode.” In this mode, the wearer is asked to ascend stairs,
landing on the toe of a leg having affected muscle tissue. Various device parameters may be
adjusted as described above with reference to the steps (power applied, in particular, as
described in step 312) so that the powered augmentation device delivers at least a biomimetic
response. The wearer may also be asked to descend stairs and the device parameters may be
adjusted for descending stairs.

[0039] In step 328, the various device parameters adjusted in any of these steps can be saved
for subsequent use. The tuning/adjusting described above may be performed in a training mode
in one or more training sessions. More than one sets of settings, each set corresponding to one
training session, may be saved for each joint (ankle, knee, hip, etc.), and may be restored during
a subsequent use. The tuning/adjusting described above may also be performed during actual
use of the powered device.

[0040] The ranges of various parameters described above with reference to Figures 3a-3e
according to one embodiment are shown in a Table in Figure 4. The Table shows additional
parameters of the powered device that may be adjusted, so as to achieve and maintain at least a
biomimetic response, and typical ranges of those parameters. It should be understood that the
parameters shown in the Table are illustrative, and that according to some embodiments fewer
or additional parameters may be controlled. Some other embodiments may control different
parameters, and/or the typical ranges within which the parameters can be set may be different.
[0041]  Accordingly, various embodiments of the invention may be used to initially set up or
tune an augmentation device at the time of manufacture and commissioning to achieve a
biomimetic response, on an individual employed as a model for this purpose. The device can
then be fitted to the end user and the device further adjusted to tailor the device to that
individual. As described, achieving a biomimetic response is a primary objective, in order to
order to normalize user function and satisfaction. However, the methods and systems

according to various embodiments of the invention may be used to achieve a greater than
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biomimetic response, or vary one or more of the response parameters as desired by the user or
the user’s physician, therapist, or clinician. Naturally, as will be understood, changes in a
user’s weight, strength, endurance or other physical condition may require further monitoring
and adjustment of the device over time. Accordingly, the systems and associated methods may
be utilized on regular time intervals or whenever a change to user or device occurs that
warrants checking.

[0042]  While the invention has been particularly shown and described with reference to
specific embodiments, it will be understood by those skilled in the art that various changes in
form and detail may be made therein without departing from the spirit and scope of the
invention as defined by the appended claims. The scope of the invention is thus indicated by
the appended claims and all changes that come within the meaning and range of equivalency of
the claims are therefore intended to be embraced.

[0043] What is claimed is:
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CLAIMS

1. A method of controlling a powered human augmentation device, the method
comprising:

adjusting a parameter of the powered device within a gait cycle by wirelessly
transmitting a control signal thereto, whereby the adjusted parameter falls within a target range
corresponding to that parameter, providing at least a biomimetic response to a wearer of the

powered device.

2. The method of claim 1, wherein the parameter is selected from the group consisting of
net work, toe-off angle, peak power applied by the powered device, and timing of the peak

power relative to the gait cycle.

3. The method of claim 1, wherein the target range corresponding to the parameter is a

function of at least one of ambulation speed and ambulation pattern.

4. The method of claim 1, wherein the adjusting step is based at least in part on at least

one of ambulation speed and ambulation pattern.

5. The method of claim 1, wherein the adjusting step is based at least in part on at least

one of terrain and activity.

6. The method of claim 5, wherein the activity is selected from the group consisting of
walking on level ground, walking on uneven ground, walking upslope, walking downslope,

ascending stairs, and descending stairs.

7. The method of claim 1, wherein the adjusting step is related to at least one of weight of
the wearer, early-stance stiffness, power applied by the powered device, timing of application
of power, hard-stop sensitivity, and a speed threshold for low-power mode of the powered

device.

8. The method of claim 7, wherein the adjusted parameter comprises a gain in a positive

force-feedback, whereby the power applied by the powered device is adjusted.

9. The method of claim 7, wherein the adjusted parameter comprises an exponent in a

positive force-feedback, whereby the timing of the application of power is adjusted.
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10. The method of claim 1 further comprising the step of receiving a data signal from the
powered device, whereby adjusting the parameter is based at least in part on the received data

signal.

11. The method of claim 10, wherein the received data signal is related to at least one of

rate of plantarflexion, heel rise, and ambulation-step length.

12. The method of claim 1, wherein the control signal is transmitted during at least one of a

training mode and a use mode.

13. The method of claim 1 further comprising the step of storing the transmitted control

signal for subsequent retransmission thereof.

14. A communication system for interfacing with a powered human augmentation device,
the system comprising:

a wireless transmitter for adjusting a parameter of the powered device within a gait
cycle by transmitting a control signal thereto, whereby the adjusted parameter falls within a
target range corresponding to that parameter, providing at least a biomimetic response to a

wearer of the powered device.

15. The system of claim 14, wherein the parameter is selected from the group consisting of
net work, toe-off angle, peak power applied by the powered device, and timing of the peak

power relative to the gait cycle.

16. The system of claim 14, wherein the target range corresponding to the parameter is a

function of at least one of ambulation speed and ambulation pattern.

17. The system of claim 14, wherein adjusting the parameter is based at least in part on at

least one of ambulation speed and ambulation pattern.

18. The system of claim 14, wherein adjusting the parameter is based at least in part on at

least one of terrain and activity.
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19. The system of claim 18, wherein the activity is selected from the group consisting of
walking on level ground, walking on uneven ground, walking upslope, walking downslope,

ascending stairs, and descending stairs.

20. The system of claim 14, wherein adjusting the parameter is related to at least one of
weight of the wearer, early-stance stiffness, power applied by the powered device, timing of
application of power, hard-stop sensitivity, and a speed threshold for low-power mode of the

powered device.

21. The system of claim 20, wherein the adjusted parameter comprises a gain in a positive

force-feedback, whereby the power applied by the powered device is adjusted.

22. The system of claim 20, wherein the adjusted parameter comprises an exponent in a

positive force-feedback, whereby the timing of the application of power is adjusted.

23. The system of claim 14, further comprising a receiver for receiving a data signal from
the powered device, wherein adjusting the parameter is based at least in part on the received

data signal.

24. The system of claim 23, wherein the received data signal is related to at least one of rate

of plantarflexion, heel rise, ambulation-step length.

25. The system of claim 14, wherein the control signal is transmitted during at least one of a

training mode and a use mode.

26. The system of claim 14, wherein the wireless transmitter is adapted to store the

transmitted control signal for subsequent retransmission thereof.

27. The system of claim 14, wherein the powered augmentation device is selected from the

group consisting of a prosthetic device and an orthotic device.

28. The system of claim 14, wherein the wireless transmitter is adapted to transmit the

control signal to a second powered human augmentation device.

29. The system of claim 14, wherein the wireless transmitter comprises a transmitter of a

mobile device.
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30. The system of claim 29, wherein the mobile device is selected from the group

consisting of a cell phone, a personal digital assistant, and a tablet PC.

31. An article of manufacture, comprising a non-transitory machine-readable medium
storing instructions that, when executed by a processor, configure the processor to:

adjust a parameter of the powered device within a gait cycle by wirelessly transmitting a
control signal thereto, whereby the adjusted parameter falls within a target range corresponding

to that parameter, providing at least a biomimetic response to a wearer of the powered device.
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