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SENSOR-BASED CONTROL OF ACTIVE
WEARABLE SYSTEM

All subject matter of the Priority Application(s) is incorporated herein by reference

to the extent such subject matter is not inconsistent herewith.

SUMMARY

In one aspect, a system includes, but is not limited a wearable item including a
plurality of actuators, each actuator configured to be positioned with respect to a localized
region of a body of a subject; at least one landmark sensor adapted to sense a parameter
indicative of a position of a landmark in or on the body of the subject and to produce at
least one landmark position signal; at least one positioning element adapted to be worn on
the body of the subject and to position the at least one landmark sensor and the plurality of
actuators with respect to the body of the subject, wherein each of the plurality of actuators
is in a known position relative to the wearable item; at least one activity sensor adapted to
detect an input indicative of a posture, gait or activity of the subject, and to generate an
activity signal indicative of the posture, gait or activity of the subject; and control circuitry
including electrical circuitry for receiving from the at least one landmark sensor the at
least one landmark position signal; electrical circuitry for receiving from the at least one
activity sensor the at least one activity signal; signal processing circuitry for calculating a
position of a target region on the body of the subject relative to the wearable item based on
the at least one landmark position signal and on a known position of the target region
relative to the landmark; signal processing circuitry for selecting at least one actuator
positioned closest to the target region; and electrical circuitry for generating an electrical
control signal for controlling actuation of the at least one actuator based at least in part on
the at least one activity signal. In addition to the foregoing, other system aspects are
described in the claims, drawings, and text forming a part of the disclosure set forth
herein.

In one aspect, a system includes, but is not limited at least one remote sensor
system including at least one sensor adapted to detect an input indicative of a posture or
activity of a subject; and at least one transmitter adapted for transmitting at least one first

activity signal indicative of the posture or activity of the subject; an intermediate system
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including at least one receiver for receiving the at least one first activity signal; and at least
one transmitter for transmitting at least one second activity signal, the at least one second
activity signal containing at least a portion of the information indicative of the posture or
activity of the subject contained in the first activity signal; and a wearable item including
at least one actuator; at least one positioning element adapted to position the at least one
actuator with respect to the torso of the subject; at least one receiver adapted to receive the
at least one second activity signal from the intermediate system; and a control circuitry
including electrical circuitry for generating a control signal for controlling actuation of the
at least one actuator based at least in part on the at least one second activity signal. In
addition to the foregoing, other system aspects are described in the claims, drawings, and
text forming a part of the disclosure set forth herein.

In one aspect, a torso support system includes, but is not limited a remote sensor
system including a pad, patch, plate or mat adapted to be positioned on a structure; at least
one sensor adapted to detect application of pressure to the structure by a subject, the
application of pressure indicative of a posture or activity of a subject; and at least one
transmitter adapted for transmitting at least one activity signal indicative of the posture or
activity of the subject; and a torso support including at least one force applying element
adapted to apply force to a localized region of a torso of the subject; at least one
positioning element adapted to position the at least one force applying element with
respect to the torso of the subject; at least one receiver adapted to receive at least one
activity signal indicative of the posture or activity of the subject responsive to the at least
one activity signal transmitted by the at least one transmitter and based on at least one
signal detected by the at least one sensor in the remote sensor system; and a control
circuitry including electrical circuitry for generating a control signal for controlling
actuation of the at least one force applying element based at least in part on the at least one
activity signal received by the at least one receiver. In addition to the foregoing, other
system aspects are described in the claims, drawings, and text forming a part of the
disclosure set forth herein.

In one aspect, a torso support includes, but is not limited at least one force applying
element adapted to apply force to a localized region of a torso of a subject; at least one
positioning element adapted to position the at least one force applying element with
respect to the torso of the subject; at least one receiver adapted to receive at least one

activity signal indicative of a posture or activity of the subject detected by at least one
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sensor system located remote from the torso support; at least one memory device adapted
to store two or more pre-defined patterns for activation of the at least one force applying
element, each pre-defined pattern corresponding to a pre-defined posture or activity of the
subject; and control circuitry including electrical circuitry for selecting a pre-defined
pattern from the two or more pre-defined patterns based at least in part on the at least one
activity signal; and electrical circuitry for generating a control signal for controlling
actuation of the at least one force applying element to apply force according to the selected
pre-defined pattern. In addition to the foregoing, other system aspects are described in the
claims, drawings, and text forming a part of the disclosure set forth herein.

In one aspect, a torso support system includes, but is not limited a remote sensor
system including a camera adapted to detect an image indicative of a posture or activity of
a subject; and at least one transmitter adapted for transmitting at least one activity signal
based on the detected image, the at least one activity signal indicative of the posture or
activity of the subject; and a torso support including at least one force applying element
adapted to apply force to a localized region of a torso of the subject; at least one
positioning element adapted to position the at least one force applying element with
respect to the torso of the subject; at least one receiver adapted to receive at least one
activity signal indicative of the posture or activity of the subject detected by the at least
one sensor system located remote from the torso support; and a control circuitry including
electrical circuitry for generating a control signal for controlling actuation of the at least
one force applying element based at least in part on the at least one activity signal received
by the at least one receiver. In addition to the foregoing, other system aspects are
described in the claims, drawings, and text forming a part of the disclosure set forth
herein.

In one aspect, a method of controlling a wearable item includes, but is not limited
receiving with an electrical circuitry operably coupled to the wearable item and including
signal processing circuitry, at least one landmark position signal from at least one sensor,
the at least one landmark position signal indicative of a position of a landmark in or on a
body of a subject relative to at least a portion of the wearable item worn on the body of the
subject, the wearable item including a plurality of actuators, at least one positioning
element configured to position each of the plurality of actuators with respect to the body of
the subject in a known position relative to the wearable item; and a control circuitry

including electrical circuitry for generating an electrical control signal for controlling
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actuation of the at least one selected actuator to apply force to the target region;
determining, with the signal processing circuitry, the position of the target region on the
body of the subject relative to the wearable item based on the position of the landmark
relative to the wearable item; selecting, with the signal processing circuitry, at least one
actuator positioned closest to the target region from among a plurality of actuators based
upon information indicative of the positions of the plurality of actuators relative to the
wearable item; and controlling, with the control circuitry, actuation of the at least one
selected actuator by generating the electrical control signal with the electrical circuitry for
generating the electrical control signal. In addition to the foregoing, other method aspects
are described in the claims, drawings, and text forming a part of the disclosure set forth
herein.

The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will become apparent by reference to

the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

For a more complete understanding of embodiments, reference now is made to the
following descriptions taken in connection with the accompanying drawings. The use of
the same symbols in different drawings typically indicates similar or identical items,
unless context dictates otherwise. The illustrative embodiments described in the detailed
description, drawings, and claims are not meant to be limiting. Other embodiments may
be utilized, and other changes may be made, without departing from the spirit or scope of
the subject matter presented here.

FIG. 1 is an illustration of a torso support.

FIG. 2 is an illustration of a torso support.

FIG. 3 is an illustration of aspects of selection of force applying elements for
applying a force to a target region.

FIG. 4 is a block diagram of a torso support.

FIG. 5 is an illustration of a torso support.

FIG. 6 is a flow diagram of a method of controlling a torso support.

FIG. 7 is a flow diagram of a method of controlling a torso support.

FIG. 8 is a flow diagram of a method of controlling a torso support.



WO 2017/205201 PCT/US2017/033507

FIG. 9 illustrates an article of manufacture including non-transitory machine-
readable data storage media bearing one or more instructions.

FIG. 10 is an illustration of a torso support system.

FIG. 11 is an illustration of a torso support system in use.

FIG. 12 is a block diagram of a torso support system.

FIG. 13 is an illustration of an embodiment of a torso support system.

FIG. 14A is a block diagram of an embodiment of a torso support system.

FIG. 14B is an illustration of a torso support system of FIG. 14A.

FIG. 15A is a block diagram of an embodiment of a torso support system.

FIG. 15B is an illustration of the torso support system of FIG. 15A.

FIG. 16 is an illustration of an embodiment of a torso support system.

FIG. 17 is a flow diagram of a method of controlling a torso support.

FIG. 18 is a flow diagram of a method of controlling a torso support.

FIG. 19 is a flow diagram of a method of controlling a torso support.

FIG. 20 is a flow diagram of a method of controlling a torso support.

FIG. 21 is a flow diagram of a method of controlling a torso support.

FIG. 22 is a flow diagram of a method of controlling a torso support.

FIG. 23 is a flow diagram of a method of controlling a torso support.

FIG. 24 is a flow diagram of a method of controlling a torso support.

FIG. 25 illustrates an article of manufacture including non-transitory machine-

readable data storage media bearing one or more instructions.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be utilized, and other changes may be made, without departing
from the spirit or scope of the subject matter presented here.

FIG. 1 depicts a torso support 100, which includes a plurality of force applying
elements 102, a positioning element 104, and control circuitry 106. Each force applying

element 102 is adapted to apply force to a localized region of a torso of a subject. A force
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applying element (e.g., force applying element 102 depicted in FIG. 1) can be any
structure that is capable of applying force to a region of the torso of the subject. A
controllable active force applying element can be controlled by control circuitry 106.

In the embodiment depicted in FIG. 1, force applying elements 102 are expandable
fluid/air filled bladders of the type described, for example, in U.S. Patent 4,135,503 to
Romano; U.S. Patent 6,540,707 to Stark et al., and U.S. Patent 5,827,209 to Gross et al.,
each of which is incorporated herein by reference. Expansion of such bladders is
controlled through the use of a motorized pump 108 and electrically controlled valves,
with feedback provided by pressure sensors (not shown). Force applying elements 102 are
fed by fluid lines running from pump 108, which are not depicted in FIG. 1.

Various types of force applying elements can be used in the embodiments
described herein. A force applying element can include a torso-contacting portion such as
a pad or probe, and a controllable active force applying element that acts to move the torso
contacting portion relative to the torso (e.g., by pressing against the torso and/or by
applying shear forces to the torso, e.g., by engaging the surface of the torso by friction).
For example, in the embodiment shown in FIG. 1, force applying element 102 includes a
fabric pad overlying the bladder that serves to distribute the force as well as enhance
comfort for the subject. A force applying element may include one or more of an actuator,
mechanical linkage, expandable element, inflatable element, pneumatic element, or
hydraulic element, or other structures or components capable of applying force or pressure
in a controlled fashion to a localized area of the torso. In an aspect, the force applying
element includes a passive force applying element and a controllable active force applying
element. In an aspect, a force applying element has a controllable stiftness, a controllable
dimension, and/or a controllable position relative to the positioning element. The force
applying element can include one or more of a spring, an electroactive polymer, an elastic
material, or a viscoelastic material. In an aspect, the force applying element includes an
actuator, which may include, for example, a mechanical linkage, an expandable element,
an inflatable element, a screw, a spring, a magnetic actuator, an electroactive polymer, a
pneumatic element, or a hydraulic element. Mechanically or pneumatically driven force
applying elements can be, e.g., as described in U.S. Patent 5,624,383 to Hazard et al.,
which is incorporated herein by reference. Pneumatic and hydraulic piston type force
applying elements as described in U.S. Patent 6,746,413 to Reinecke et al., which is

incorporated herein by reference, and screw thread/worm gear assembly structures as
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described in U.S. Published Patent Application 2009/0030359 to Wikenheiser et al., which
is incorporated herein by reference, may be positioned to press against the torso
(delivering force substantially perpendicular to the skin surface), or positioned to apply
shear forces (i.e., force having a significant component parallel to the skin surface).
Electromechanical force applying elements having mechanical components driven by
electrical control signals, may receive control signals from control circuitry via a wired
electrical connection, or via a wireless signal such as an optical or electromagnetic signal
transmitted from the control circuitry associated with the force applying element. A force
applying element can include a plate (which may be curved or planar), a probe, a post, or
any structure having shape and size suitable for applying force to a desired portion of the
torso. Force applying elements as used in torso support may be adapted to fit against a
region of the torso of the subject, the region of the torso selected from a back, a side, an
abdomen, a chest, a ribcage, a stomach, a hip, a pelvic region, a thorax, a shoulder, a
buttock, a lower back, and an upper back. In an aspect, at least a portion of the plurality of
force applying elements are adapted to apply force to the torso of the subject, such that at
least a component of the force is in a direction normal to the surface of the torso of the
subject. A force normal to the surface of the torso may be a compressive force or a tensile
force. In an aspect, at least a portion of the plurality of force applying elements are
adapted to apply force to the torso of the subject, wherein at least a component of the force
applied to the torso of the subject is in a direction tangential to the surface of the torso of
the subject. A force applying element can also include a skin-engaging element adapted to
apply tensile or shear force to the skin surface; for example a skin-engaging element may
include an adhesive, a suction cup, a skin penetrating member, a frictional surface, or
other components known to those skilled in the art to provide for the application of tensile
or shear forces to the skin.

Positioning element 104 is adapted to position the plurality of force applying
elements 102 with respect to the torso of the subject, with each force applying element in a
known position relative to the torso support. Force applying elements 102, control
circuitry 106, pump 108, and other system components described herein are attached to
positioning element 104, but in some aspects may be held in place by pressure or friction,
e.g., by being pressed between the torso of the subject and the positioning element. Active
torso support 100 is configured as a back support or back brace in the example shown in

FIG. 1, with positioning element 104 configured as a belt adapted to be fitted around the
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waist/lower torso of a subject. However, an active torso support may be configured to
support or brace other portions of the torso, including, for example, one or more portions
of a side, an abdomen, a chest, a ribcage, a stomach, a hip, a pelvic region, a thorax, a
shoulder, a buttock, a lower back, and an upper back. In general, a positioning element
104 can be any structure capable of holding force applying element in position with regard
to at least a portion of the torso of the subject, and in various embodiments may include,
for example, at least one band, strap, belt, or harness, or a garment such as a corset, girdle,
jacket, vest, or brief. In various embodiments, the positioning element may include one or
multiple straps or other components, without limitation. The positioning element can be
constructed from flexible, resilient, or elastic material, including but not limited to leather,
fabric, webbing, mesh, cable, cord, flexible metals or polymers, or sections of rigid metals,
polymers or other materials connected in such a manner that the sections can be movably
fitted around the torso of the subject, e.g., by a hinge or other linkage or by one or more
sections of flexible material.

In other aspects, positioning elements can be configured to fit onto portions of the
body other than, or in addition to, than the torso (e.g., arms, legs, hands, feet, head, wrists,
ankles, neck, etc.), and may function to secure force applying elements, sensors, and/or
other system components thereto. In some aspects, a system may include multiple
positioning elements. In some aspects, a single positioning element (e.g., a jacket or other
garment) may fit over the torso as well as other portions of the body (e.g., arms). It will be
appreciated that the positioning element may perform functions other than positioning
force applying elements, sensors, etc. with respect to the body of the subject. For
example, a garment may provide any or all of warmth, modesty, and fashion; a wristband
may support a watch as well as position a sensor; etc.. In general, a positioning element
that can be worn on the body of a subject can be considered a wearable item.

As shown in FIG. 1, positioning element 104 includes fasteners to secure the
positioning element with respect to the torso of the subject, e.g., straps 110 and buckles
112 as depicted in FIG. 1. In other embodiments, other types of fasteners as are well
known in the art can be used, including but not limited to buckles, snaps, zippers, latches,
clips, ties, hook and loop fasteners, lacings, and so forth. A positioning element may
include an active or passive tensioning component (for example, elastic) to provide for

tightening of the positioning element about the torso of the subject to provide for a secure
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fit. In an embodiment, a positioning element may simply include an elastic component
which allows it to be slid onto the torso of the subject, without the need for fasteners.

In an aspect, an active tensioning component included in a positioning element can
be used to generate compressive force on a portion of the torso or other body portion. For
example, an active tensioning component could be used to tighten a portion of a garment
or other wearable item on a portion of the body. It will be appreciated that such tightening
by an active tensioning component may produce shear as well as compressive forces. In
an aspect, distinct positioning elements (or distinct portions of a single positioning
element) are positioned on either side of a joint. An active tensioning component
positioned across the joint and connected to the distinct positioning elements (or distinct
portions of a single positioning element), can be used to simulate or supplement muscle
contraction, to produce or enhance movement of the joint or, conversely, to resist joint
movement.

It is contemplated that a torso support as described herein functions generally as
follows: activation of one or more force applying elements 102 to apply force to a target
region of the torso is accomplished by sensing the position of a landmark in or on the torso
with respect to the torso support, determining the position of the target region (a muscle or
bony structure, for example, to which force is to be applied) relative to the torso support
based on at least one signal indicative of a position of a landmark in or on the torso and a
known relationship between the landmark and target region, selecting at least one force
applying element positioned closest to the target region, and controlling actuation of the at
least one selected force applying element to apply force to the target region. In the
embodiment of FIG. 1, a plurality of pulse-echo A-mode ultrasound modules 114
(indicated by black circles in FIG. 1) can be used to detect the position of a landmark (e.g.,
a specific bony structure) on the pelvis, as described in U.S. Patent Publication No.
2010/0198067 to Mahfouze et el., which is incorporated herein by reference.

By selecting the force applying element based upon the sensed position of the
landmark, the location at which the force is applied to the torso can be adjusted to
compensate for changes in the position of the torso support with respect to the torso of the
subject due to different postures or due to movement of the torso support relative to the
torso due to, e.g., loosening or slippage of the torso support. If a particular posture and/or
motion of a subject is known to produce motion or loading of muscles and/or bony

structures in the subject’s torso that is likely to result in injury or discomfort, the active
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torso support can respond to detection of that posture, or motion by applying force to one
or more appropriate portions of the torso to provide support expected to prevent or
minimize injury or discomfort. For example, in the embodiment of FIG. 1, inclinometer
118 (which can be a MEMS type digital inclinometer (for example, an Analog Devices
ADIS16209)) can be used to detect the inclination of the subject’s torso, to distinguish
between upright and bending postures. The selected force applying element 102 can be
activated, for example, when the subject is in a bending posture to provide additional
support to the back.

The approach for selecting the force applying element(s) to be activated is
described in greater detail in connection with FIGS. 2 and 3.

FIG. 2 depicts a torso support 200, of the type depicted in FIG. 1. Torso support
200 includes multiple force applying elements 1 — 12 and positioning element 202.
Positioning element 202 is configured as a belt worn around the waist/lower torso of
subject 204. Positioning element 202 includes a reference location 206, indicated by a
white circle in FIG. 2 and having coordinates Xo, Yo, Zo. Each of force applying elements
1 — 12 is attached to positioning element 202 at a known location with respect to reference
location 206. Each force applying element i has coordinates Xi, Yi, Zi. Also shown are
target region 208 (indicated by a cross), having coordinates X, YT, ZT1, and landmark 210
(indicated by a black triangle), having coordinates X1, Y1, Z1. Target region 208 is a
region of the torso of subject 204 at which it is desired to apply force, e.g., to provide
support during motion or loading of some or all of the torso. Target region 208 may
correspond to a muscle or bony structure, for example. Landmark 210 can be any
landmark in or on the torso of the subject that can be sensed by sensors configured to
provide a sense signal to the control circuitry of torso support 200. Sensors and control
circuitry are not depicted in FIG. 2, but are depicted and described elsewhere herein, for
example in connection with FIGS. 1 and 4. In the example shown in FIG. 2, landmark 210
is a region of coccyx 212 of subject 204, which can be distinguished and localized using
ultrasound sensors, as discussed in connection with FIG. 1.

FIG. 3 illustrates aspects of the selection of force applying elements for applying
force to a target region 208 using torso support 202 as depicted in FIG. 2. FIG. 3 depicts
reference location 2006, target region 208, and landmark 210 as shown in FIG. 2. For the
sake of clarity, only a few of the force applying elements (2, 3, 6 and 7) are shown in FIG.

3. The positions of the various elements of the system shown in FIG. 3 are expressed in

10
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Cartesian coordinates, but other coordinate systems may be used. In order to determine
which force applying element or elements should be activated to provide force to target
region 208, first a signal that contains information regarding the position of the landmark
210 with respect to reference location 206 of the torso support is detected. Various types
of signals may be sensed to determine the position of the landmark 210. The position of
landmark 210 relative to reference location 206 is indicated by Do which may include
both scalar and vector components to indicate both distance and direction relative to
reference location 206. Next, the position of target region 208 relative to the reference
location 206 of the torso support (indicated by Do) is determined, based on the at least
one landmark position signal and on a known position of the target region relative to the
landmark (indicated by Dr1). In FIG. 3, known positional relationships are indicated by
solid lines, measured relationships are indicated by dashed lines, and relationships
calculated from other known and/or measured relationships are indicated by dotted lines.
As indicated in FIG. 3, Drr is known, Doy is measured, and Dot is determined
(calculated) therefrom. At least one force applying element positioned closest to the target
region is selected based on the position of each force applying element relative to target
region 208. As noted previously, the position of each force applying element is known
with respect to the reference position 206 on the positioning element 202, as shown in
FIG. 2. For example, force applying elements 2, 3, 6, and 7 shown in FIG. 3 have known
positions (Do , Do, Dos, and Do 7, respectively) relative to reference location 206.
Similarly, other force applying elements 1, 4, 5, and 8 - 12 shown in FIG. 2 have known
positions relative to reference position 206, and the position of each of these force
applying elements can thus be determined with respect to target region 208. In an aspect,
the positions of all force applying elements with respect to target region 208 can be
determined. However, for greater efficiency, once a force applying element having a
distance to the target region shorter than the known distance between the force applying
elements has been identified, it is not necessary to consider any force applying elements
that are more than one such distance away. One or more force applying elements
positioned closest to target region 208 can then be selected for activation to apply force to
the target region 208. For example the force applying element that is closest to the target
region may be selected. “Closest” may refer to the shortest spatial distance, or, in some
embodiments, the shortest electrical distance (e.g., lowest impedance/resistance path), or

other distance measurement as known to those having skill in the art. In the example

11



10

15

20

25

30

WO 2017/205201 PCT/US2017/033507

shown in FIG. 3, force applying element 3 may be selected as being located at the position
closest to target region 208. Once one or more force applying elements have been
selected, the selected force applying element(s) can be activated to apply force to the back
of the subject. It will be appreciated that, while FIG.3 depicts a target region that is in a
different location than the landmark, in some cases the target region may be in the same
location as the landmark (and in some cases the target region itself may serve as the
landmark). In such cases, the process for identifying the force applying element(s) to be
activated will be simplified in that once the position of the landmark has been determined,
no further steps are necessary to determine the position of the target region.

FIG. 4 is a block diagram depicting components of a generalized torso support 400,
which includes a plurality of force applying elements 402a, 402b, and 402¢, a positioning
element 404, and control circuitry 406. Force applying elements and positioning elements
are as described herein above.

Control circuitry 406 is adapted to receive at least one landmark position signal
408 indicative of a position of a landmark in or on the body of the subject relative to the
torso support, determine the position of a target region on the torso of the subject relative
to the torso support based on the at least one landmark position signal and on a known
position of the target region relative to the landmark, select at least one force applying
element (e.g., 402a) positioned closest to the target region, and control actuation of the at
least one selected force applying element to apply force to the target region.

In an aspect, the torso support 400 includes at least one sensor 410 adapted to
sense a parameter indicative of the position of the landmark in or on the body of the
subject and to produce the at least one landmark position signal. The sensor may include,
for example, an electromagnetic transducer 412, an optical sensor 414, an infrared sensor
416, an acoustic sensor 418, an ultrasound transducer 420, a micro-impulse radar sensor
422, or a temperature sensor 424. The sensor may be configured to sense muscle activity
or neural activity. An electromagnetic sensor (e.g., a surface electrode) may be used for
sensing electrical activity produced by a nerve, nerve plexus, or other neural structure, or
by a muscle (including cardiac or skeletal muscle) below the skin, as described for
example in U.S. Patent 8,170,656 issued May 1, 2012, to Tan et al., which is incorporated
herein by reference. Body surface electrical potentials measured with electrodes on the
skin surface can be used to determine the location of the heart, e.g., as described in United

States Patent 7,983,743 issued July 19, 2011 to Rudy et al., which is incorporated herein
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by reference. Magnetic fields produced by neural activity can be sensed, for example, by
a magnetometer, e.g., as described by Sander et al. in “Magnetoencephalography with a
chip-scale atomic magnetometer,” Biomedical Optics Express, May 2012, Vol. 3, No. 5,
p. 982, which is incorporated herein by reference.

In an aspect, infrared sensing is used for imaging blood vessels to map the
vasculature in the torso of the subject, using a method as described in U.S. Patent
8,238,622 issued August 7, 2012 to Miura et al.. See also U.S. Patent 4,032,889 to
Nassimbene issued Jun. 28, 1977, which is incorporated herein by reference. U.S. Patent
8,229,178 issued July 24, 2012 to Zhang et al., which is incorporated herein by reference,
describes a method for acquiring a palm vein image with visible and infrared light and
extracting features from the image for authentication of individual identity. It will be
appreciated that the feature extraction and template matching approach used to
authenticate identity could similarly be used to match a detected image with a map to
localize a landmark.

The sensor may include a camera 426, a detector array 428 (which may be linear
array, or two-dimensional array, for example), or Charge-Coupled Device (CCD) 430. In
an aspect, the landmark can be a feature on the skin surface such as a pore, a mole, a
wrinkle, a hair shaft or hair follicle, etc. Skin characteristics can be identified in an image
obtained with CCD sensor, and compared to a reference image to determine a landmark
location, using an approach as described in U.S. Patent 7,697,735 issued April 13, 2010 to
Adam et al., which is incorporated herein by reference. Registration and comparison of
biometric data with template date can be performed as described, for example, in U.S.
Patent 8,264,325 issued September 11, 2012 to Fukuda et al., which is incorporated herein
by reference.

Acoustic sensors (particularly ultrasound) can be used to detect bony and/or soft-
tissue structures within the torso of the subject, using a system and approach generally as
described in U.S. Published Application No. 2010/0198067 to Mahfouze et al., dated
August 5, 2010, which is incorporated herein by reference.

In an aspect, micro-impulse radar sensors can be used to detect air or fluid filled
regions within the torso, which may serve as landmarks in some embodiments, as
described in U.S. Patent 6,233,479 issued May 15, 2001 to Haddad et al., which is
incorporated herein by reference. Cardiac and neural activity may be detected with a 10

GHz probe, as discussed in U.S. Patent 4,344,440 issued August 17, 1982 to Aaby et al.
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In an aspect, a sensor includes a temperature sensor. Temperature sensors are well
known to those having skill in the art, including but not limited to resistance temperature
detectors (e.g., thermistors, thin film temperature sensors), thermocouples, and
infrared/pyroelectric thermometers, etc. Temperature measurements may provide
information about muscle damage, inflammation, blood flow, for example.

In an aspect, torso support 400 receives a landmark position signal 432 from a
remote sensor 434 not located on the torso support. The transmission of signals from
remote sensors to control circuitry on the torso support can occur over a wireless link, as is
well known in the art, for example, as described in U.S. Patent 8,170,656 issued May 1,
2012, to Tan et al., and U.S. Published Application No. 2010/0198067 to Mahfouze et el .,
dated August 5, 2010, each of which is incorporated herein by reference. For example, as
described in Tan et al., remote sensors may be located in wearable items such as
armbands, wristwatch, shirt, gloves, or other items of clothing, and may include, for
example EMG sensors, location sensors, or gesture sensors. Such wearable items may
also include a feedback device for providing haptic feedback (vibration or pressure), e.g.,
in response to sensed motion. For example in an aspect a signal from a remote video
camera can supply information regarding the position of a landmark. Other remote
sensors, for example as described in Mahfouze et al., may include, but are not limited to,
force sensors (e.g., located in a shoe worn by a subject), inertial sensors such as
accelerometers, ultrasound transducers, orientation sensors, angle sensors, etc.. Such
sensors may be worn or carried on the body of the subject. In some aspects, sensors are
located remotely from other system components and connected thereto via a wireless link.

Control circuitry 406 may include analog or digital electrical circuitry. In an
aspect, control circuitry 406 may include a microprocessor 436. Torso support 400 may
include various other elements, including power supply 438. Torso support 400 may be
used in connection with a remote device 440, which may include one or more sensors 442,
as well as electrical circuitry 444. Control circuitry 406 may include memory 450, which
may store software (program modules) 452 used in the operation of torso support 400,
and/or data 454. Control circuitry 406 may include I/O structure 456, which provides for
communication with remote device 440, e.g., via a wired or wireless (e.g., electromagnetic
or optical) connection, or with a user interface 458. Electrical circuitry 444 in remote

device 440 includes any electrical circuitry needed for processing signal from sensors 442
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and sending signals to or receiving signals from active torso support 400 via I/O structure
456.

In an aspect, the control circuitry 406 is adapted to control actuation of the at least
one selected force applying element according to a temporal pattern 460. In an aspect, the
control circuitry is adapted to select at least one additional force applying element (e.g.,
402b and/or 402c), and to control actuation of the at least one selected force applying
element 402a and the at least one additional force applying element (402b and/or 402¢)
according to a spatial pattern 462 and temporal pattern 460. For example, a spatial pattern
provides for applying force at several spatially separated locations to support several
different muscles (or different portions of a larger muscle) that are loaded or stressed
during a particular motion. Controlling actuation according to a temporal pattern may be
as simple as applying a constant force at a selected location for a specific duration (e.g., a
duration corresponding to an expected duration of a particular motion, such as a portion of
a gait cycle), or applying a force that gradually ramps up to a maximum value as a
function of time. More complex temporal or spatio-temporal patterns (e.g., cyclical
patterns) may also be employed.

In an aspect, control of the torso support is based upon sensed motion or posture of
the subject. Thus, in an aspect, torso support includes at least one sensor 464 adapted for
sensing a posture of the subject, and/or at least one sensor 466 adapted for sensing a
motion of the subject. Sensor 464 for sensing posture of the subject may include, for
example an integrating accelerometer or an inclinometer. Posture sensing may be
performed, for example, as described in United States Patent Application No. 13/721,474,
entitled Posture Dependent Active Torso Support, naming Roderick A. Hyde, Jordin T.
Kare, Dennis J. Rivet, and Lowell L. Wood, Jr. as inventors, filed 20 December 2012 with
attorney docket no. 1108-004-001-000000, which is incorporated herein by reference. A
sensor 466 for sensing motion of the subject may include various types of motion sensors
known to those having skill in the art, examples of which include a sensor system as
described in U.S. Published Patent Application 2011/0082393, to Bort, dated April 7,
2011, which employs piezoelectric sensors to detect deformation of an orthosis caused by
movements of a body region, which is incorporated herein by reference; accelerometers,
strain gauges, and pressure gauges as described in U.S. Published Patent Application
2001/0020143 to Stark et al., dated September 6, 2001, which is incorporated herein by

reference; and force and pressure sensors for detecting joint motion and stress, as
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discussed in U.S. Patent 5,827,209 issued October 27, 1998 to Gross, which is
incorporated herein by reference.

A signal from sensor 464 or sensor 466 may be processed by control circuitry to
determine the posture or motion of the subject. Control circuitry 406 may be configured
to cause the application of force to a particular target location (e.g., a weak muscle in the
subject’s back) upon detection of a motion anticipated to cause loading or strain on the
muscle. For example, the torso support could be activated to apply force to the weak
muscle upon detection of a motion corresponding to the subject bending to pick up an
object from the floor, and to release the support once the subject had straightened up
again.

Control circuitry 406 may be adapted to control actuation of the at least one
selected force applying element (e.g., 402a) according to a pre-defined pattern 468
selectable from a plurality of pre-defined patterns (e.g., 468a — 468f). For example, the
torso support 400 may include a user input (e.g., user interface 458 may be a user input),
and pre-defined pattern 468 may be selectable from the plurality of pre-defined patterns
468a — 468f based upon an input received on the user interface 458. Alternatively, or in
addition, the torso support 400 may include at least one sensor 464 or 466, adapted for
sensing a motion or posture of the subject, respectively, as described herein above, and
pre-defined pattern 468 may be selectable from the plurality of pre-defined patterns 468a —
468f based upon a sensed motion or posture of the subject. In an aspect, the plurality of
pre-defined patterns 468a — 468f includes patterns corresponding to a plurality of pre-
defined motions or postures of the subject, which may include, but is not limited to,
standing, sitting, lying, walking, getting up, sitting down, lying down, twisting, leaning
forward, or rolling while lying down (e.g., changing position from lying on a back to lying
on a side, lying on a side to lying on a front, lying on a side to lying on a back, lying on a
front to lying on a side, and so forth). Control circuitry 406 may be adapted to control
actuation of the at least one selected force applying element 402a by controlling a pattern
of force applied by the at least one selected force applying element 402a, or by controlling
a pattern of motion generated by the at least one selected force applying element 402a, for
example by using force pattern 470 or motion pattern 472.

In an embodiment, torso support includes a thermal stimulus source 480, which
may include for example, a resistive element 482, an infrared source 484, a microwave

source 486, an acoustic energy source 488, or other elements capable of providing
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localized heating to the skin or underlying tissues. A thermal stimulus may be applied to
stimulate blood circulation, promote healing, enhance comfort of sore or injured muscles,
or serve as a counter-stimulus to reduce sensation of pain, for example.

In an embodiment, the torso support includes a neural stimulator 490 or a muscle
stimulator 492. A neural stimulator 490 or muscle stimulator 492 may include an
electrode for delivering an electrical stimulus, or one or more coils for delivering a
magnetic stimulus, for example, either of which can be driven by an appropriately
configured electrical control signal, as known to those having skill in the art. (See, for
example, U.S. Patent 8,285,381 issued October 9, 2012 to Fahey et al., which is
incorporated herein by reference). Other types of neural or muscle stimulators may be
used, as known to those having skill in the art. Nerve and/or muscle stimulation can be
used to activate muscles to provide a higher level of strength or stability in the back, or to
block or counter pain signals, for example.

A further example of a torso support is depicted in FIG. 5. In this example, the
sensed landmark, as well as the target region to which force is applied is an active muscle;
thus the landmark and the target region are co-located and have the same position relative
to the torso support. Torso 