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(57) Abstract: A system and method for improving stability of a
wheelchair user includes a wheelchair having sensors measuring
motion parameters to sense collisions and sharp turns which may
unseat the user. Neuromuscular stimulating electrodes attached to
extensor and flexor muscles of the user's trunk and under the com-
mand of a controller in communication with the sensors activate
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ery from the push. Neuromuscular stimulating electrodes attached
to extensor and flexor muscles of the user's trunk and under the
command of a controller in communication with the sensors acti-
vate the muscles at the appropriate time in the cycle of push and
recovery.
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Wheelchair System with Motion Sensors and Neural Stimulation

Cross Reference to Related Applications

This application is based upon and claims priority to US Provisional Application

No. 62/541,879, filed August 7, 2017 and hereby incorporated by reference.

Field of the Invention

This invention relates to wheelchairs having inertial sensors for providing

information used to control neural stimulation of the wheelchair user.

Background

For people with spinal cord injuries who have lost the ability to control their
trunk muscles, minor disturbances, such as a sharp turn or a collision with a curb, can
destabilize the user and cause a loss of erect sitting posture, potentially leading to
injurious falls. Falls are in fact the leading cause of injury for wheelchair users, and
account for over 66,000 wheelchair related injuries per year. The injuries can be serious
and include lacerations, contusions, abrasions, fractures and can result in death.
According to at least one survey of people having spinal cord injuries, trunk stability is
among the top functions they would like to see restored. There is clearly an opportunity

to improve the safety of wheelchair users by increasing trunk stability.

Loss of control of trunk muscles also reduces the efficiency of manual propulsion
of wheelchairs. Wheelchair users with poor trunk control due to paralysis of core thigh,
hip and trunk muscles have limited trunk stability and may be unable to fully or safely
lean backward and forward, resulting in inefficient pushing of the wheelchair. The
inability to efficiently propel the wheelchair can make traversing challenging terrain, such
as inclined ramps, difficult and can also lead to shoulder injuries. There is clearly an
opportunity to improve the efficiency of wheelchair propulsion by increasing or restoring

a degree of trunk control.

Summary

The invention concerns a wheelchair system providing neural stimulation to a

user. In one example embodiment the system comprises a wheelchair. A sensor is
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positioned on the wheelchair for measuring a motion parameter thereof and generating
one or more siguals indicative of the motion parameter. A plurality of neural stimulating
electrodes are attached to the user, each electrode attached to a respective muscle of the
user for activating the respective muscle. A controller is in communication with the
sensor and is adapted to receive the siguals. The controller is also in communication with
the plurality of electrodes for activating selected ones of the respective muscles in

response to the siguals.

The controller may be mounted on the wheelchair or the user. The motion
parameter may comprise a linear motion parameter. The linear motion parameter is
oriented in a direction of motion of the wheelchair and may be selected from the group
consisting of linear velocity, linear acceleration and combinations thereof. The electrodes
are attached to muscles selected from the group consisting of erector spinae, quadratus
lumborum, gluteus maximus, posterior adductor and combinations thereof. The electrodes
may be implanted beneath the user’s skin or on a surface of the user’s skin. The motion
parameter may also comprise an angular motion parameter. The angular motion
parameter is oriented about a turning axis of the wheelchair and may be selected from the
group consisting of angular acceleration, angular velocity, and combinations thereof. The
electrodes are attached to muscles selected from the group consisting of right erector
spinae, right quadratus lumborum, right gluteus maximus, right posterior adductor, left
erector spinae, left quadratus lumborum, left gluteus maximus, left posterior adductor and
combinations thereof. The electrodes may be implanted beneath the user’s skin or

mounted on a surface of the user’s skin.

In an example embodiment the sensor comprises an inertial measurement unit.
Further by way of example, the sensor comprises at least one gyroscope and at least one
accelerometer. In another example, the sensor comprises a radio frequency transmitter for
wirelessly transmitting the siguals to the controller. In an example embodiment the
controller comprises a radio frequency receiver for receiving the siguals and a
microprocessor in communication with the receiver. In another example a seat belt
controlled by a motor is mounted on the wheelchair. The controller controls the motor for
tightening the belt. Further by way of example, a brake, controlled by an actuator, is
mounted on the wheelchair, the controller controlling the actuator for applying the brake.
In another example a distress indicator controlled by the controller for broadcasting a

distress call.
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The invention also encompasses a method of providing neural stimulation to a
user of a wheelchair based upon motion of the wheelchair. In one example embodiment

the method comprises:
measuring a motion parameter of the wheelchair;
generating a signal indicative of the motion parameter;
evaluating the sigual;
activating at least one muscle of the user in response to the sigual.

In one example, measuring the motion parameter comprises measuring a linear
velocity of the wheelchair. By way of example, measuring the motion parameter
comprises measuring a linear acceleration of the wheelchair or measuring an angular
acceleration of the wheelchair or measuring an angular velocity of the wheelchair. By
way of example, generating a sigual comprises generating a sigual indicative of at least
one motion parameter selected from the group consisting of a linear velocity, a linear
acceleration, an angular velocity, an angular acceleration, and combinations thereof. By
way of example, evaluating the sigual comprises converting the sigual to a value
indicative of a maguitude of the motion parameter and comparing the maguitude to a
threshold magnitude of the motion parameter. In another example, evaluating the sigual
comprises converting the sigual to a value indicative of a direction of the motion

parameter and comparing the direction to a reference direction.

In an example embodiment, activating at least one muscle of the user in response
to the signal comprises selecting one or more muscles of the user and applying a neural
stimulus to activate the one or more muscles. By way of example, selecting one or more
muscles of the user comprises selecting the erector spinae, quadratus lumborum, gluteus
maximus, and posterior adductor muscles when the motion parameter is a linear
acceleration which exceeds a threshold value. Further by way of example, selecting one
or more muscles of the user comprises selecting right erector spinae, right quadratus
lumborum, right gluteus maximus, and right posterior adductor muscles when the motion
parameter is an angular acceleration or an angular velocity in a counterclockwise
direction about a turning axis. Also by way of example, selecting one or more muscles of

the user comprises selecting left erector spinae, left quadratus lumborum, left gluteus
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maximus, and left posterior adductor muscles when the motion parameter is an angular

acceleration or an angular velocity in a clockwise direction about a turning axis.

The invention also encompasses method of providing neural stimulation to a user
of a wheelchair based upon motion of the wheelchair during a collision. In an example

5  embodiment the method comprises:
monitoring linear acceleration in a direction of motion of the wheelchair;

calculating a moving root mean square of the linear acceleration and

comparing it against a first predetermined threshold value;

comparing a derivative of the root mean square linear acceleration

10 against a second predetermined threshold value;

calculating a change in velocity using the linear acceleration and

comparing the change in velocity to a third predetermined threshold value;

applying neuromuscular stimulation if the first, second and third

predetermined threshold values are exceeded within a predetermined time period.

15 An example method of applying a restraint to a user of a wheelchair based upon

motion of the wheelchair is also contemplated and comprises:

measuring a motion parameter of the wheelchair;

generating a signal indicative of the motion parameter;

evaluating the sigual;

20 activating at least one the restraint in response to the sigual.

By way of example, measuring the motion parameter comprises measuring a
linear velocity of the wheelchair, measuring a linear acceleration of the wheelchair
measuring an angular acceleration of the wheelchair or measuring an angular velocity of
the wheelchair. In an example embodiment, generating a sigual comprises generating a

25  sigual indicative of at least one the motion parameter selected from the group consisting
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of a linear velocity, a linear acceleration, an angular velocity, an angular acceleration, and

combinations thereof.

In an example method, evaluating the sigual comprises converting the sigual to a
value indicative of a maguitude of the motion parameter and comparing the maguitude to
a threshold maguitude of the motion parameter. Also by way of example, evaluating the
sigual comprises converting the sigual to a value indicative of a direction of the motion
parameter and comparing the direction to a reference direction. Further by way of
example, activating at least one restraint in response to the sigual is selected from the
group consisting of tightening a belt securing the user to the wheelchair, applying a brake

to slow the wheelchair, broadcasting a distress signal and combinations thereof.

The invention further encompasses a system for providing assistance to a user for
manual propulsion of a wheelchair. In one example embodiment the system comprises at
least one sensor positioned on the user for measuring a motion parameter of the user
while propelling the wheelchair. The at least one sensor generate one or more signals
indicative of the motion parameter. A plurality of neural stimulating electrodes are
positioned on the user, each electrode is attached to a respective muscle of the user for
activating the respective muscle. A controller is in communication with the at least one
sensor and adapted to receive the siguals. The controller is also in communication with
the plurality of electrodes for activating selected ones of the respective muscles in
response to the siguals. In one example embodiment the controller is mounted on either
the wheelchair or the user. By way of examome, at least one sensor is mounted on the
user in a position selected from the group consisting of an upper trunk of the user, a
shoulder of the user, an arm of the user, a wrist of the user, a head of the user and
combinations thereof. Further by way of example, the motion parameter is selected from
the group consisting of a position of a part of the user, an acceleration of a part of the
user, a rate of change of acceleration of a part of the user, an electrical potential of a
muscle of the user, and combinations thercof. By way of example, the part of the user is
selected from the group consisting of an upper trunk of the user, a shoulder of the user, an
arm of the user, a wrist of the user, a head of the user and combinations thereof. In an
example embodiment, the electrodes are attached to muscles selected from the group
consisting of hip flexor muscles, hip extensor muscles, trunk flexor muscles, trunk

extensor muscles, abdominal muscles and combinations thereof. By way of example, the
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electrodes are implanted beneath the user’s skin or are mounted on a surface of the user’s

skin.

In an example embodiment, the at least one sensor comprises an inertial
measurement unit. Further by way of example, the at least one sensor comprises at least
one accelerometer. In another example, the at least one sensor comprises at least one
electromyographic sensor. Also by way of example, the at least one sensor comprises a

radio frequency transmitter for wirelessly transmitting the siguals to the controller.

The invention also encompasses a method of providing assistance to a user for

manually propelling a wheelchair. In one example embodiment, the method comprises:

detecting when the user has recovered from a previous push of the wheels

of the wheelchair;

the user executing a next push of the wheels;

applying neural stimulation to trunk and hip flexor muscles of the user

while the user executes the next push of the wheels;

detecting when the user has completed the next push of the wheels;

removing neural stimulation to the trunk and the hip flexor muscles of the

user when the user has completed the next push of the wheels;

the user recovering from the next push of the wheels;

applying neural stimulation to trunk and hip extensor muscles of the user

while the user is recovering from the next push of the wheels;

detecting when the user has recovered from the next push of the wheels;

removing neural stimulation from the trunk and the hip extensor muscles

of the user when the user has recovered from the next push of the wheels.

In an example embodiment, detecting when the user has recovered comprises
measuring a motion parameter of a part of the user while the user is recovering. In an

example embodiment, the motion parameter is selected from the group consisting of a
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position of a part of the user, an acceleration of a part of the user, a rate of change of
acceleration of a part of the user, an electrical potential of a muscle of the user and
combinations thereof. In an example embodiment, the part of the user is selected from the
group consisting of an upper trunk of the user, a shoulder of the user, an arm of the user, a

wrist of the user, a head of the user, and combinations thereof.

By way of example, detecting when the user has completed the push of the
wheels comprises measuring a motion parameter of the user while the user is pushing the
wheels. In an example embodiment, the motion parameter is selected from the group
consisting of a position of a part of the user, an acceleration of a part of the user, a rate of
change of acceleration of a part of the user, an electrical potential of a muscle of the user
and combinations thereof. Further by way of example, the part of the user is selected from
the group consisting of an upper trunk of the user, a shoulder of the user, an arm of the
user, a wrist of the user, a head of the user, and combinations thereof. In an example
embodiment, detecting when the user has recovered comprises measuring anterior-
posterior acceleration of a wrist of the user. Further by way of example, the method
comprises measuring a rate of change of the anterior-posterior acceleration. Also by way
of example, the method comprises measuring a rate of change of a medial-lateral
acceleration of the wrist. In an example embodiment, detecting when the user has
completed the push comprises measuring anterior-posterior acceleration of a wrist of the
user. By way of example, the method may also comprise measuring a rate of change of
the anterior-posterior acceleration. An example embodiment further comprises measuring

a medial-lateral acceleration of the wrist.

In an example embodiment, detecting when a user has completed a push of the

wheels comprises:

detecting an acceleration sigual indicative of anterior-posterior

acceleration of a part of the user greater than a predetermined threshold value;

detecting an increasing rate of change of the acceleration sigual;

detecting a medial-lateral acceleration of the part of the user within a

predetermined range of values.
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By way of example, detecting when a user has recovered from a push of the

wheels comprises:

detecting an acceleration sigual indicative of anterior-posterior

acceleration of a part of the user less than a predetermined threshold value;

detecting a decreasing rate of change of the acceleration sigual;

detecting a medial-lateral acceleration of the part of the user having an

increasing rate of change.

In an example embodiment, the part of the user comprises a wrist.

Brief Description of the Drawings

Figure 1 is an isometric rear view of an example wheelchair system for

stabilizing a user according to the invention;

Figure 2 is an isometric side view of the wheelchair system shown in Figure I;

Figure 3 is a flow chart illustrating an example method of stabilizing a user

according to the invention;

Figure 4 is a flow chart illustrating an example method of stabilizing a user

according to the invention;

Figure 5 is a flow chart illustrating an example method of stabilizing a user

according to the invention;

Figure 6 is an isometric side view of another example embodiment of a

wheelchair system for stabilizing a user according to the invention;

Figure 7 is an isometric front view of an example embodiment of a wheelchair

system for increasing propulsion efficiency of a user according to the invention;

Figures 8-14 are schematic representations showing stages in the cycle of a user

propelling the wheelchair system shown in Figure 7;
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Figure 15 is a flow chart illustrating an example method of increasing the

propulsion efficiency of a wheelchair according to the invention; and

Figure 16 is a flow chart illustrating an example method of increasing the

propulsion efficiency of a wheelchair according to the invention.

Detailed Description

Figures T and 2 show an example embodiment of a wheelchair system 10
according to the invention. System 10 comprises a wheelchair 12. A motion sensor 14 is
positioned on the wheelchair 12. Motion sensor 14 measures one or more motion
parameters of wheelchair 12 and generates siguals indicative of the motion parameters.

In an example embodiment the sensor 14 may be an inertial measurement unit (IMU)
including accelerometers for measuring motion parameters such as acceleration of the
wheelchair 12 in three mutually perpendicular axes (X, Y and Z as defined in Figure 1) as
well as one or more gyroscopes for measuring motion parameters such as angular velocity
and angular acceleration of the wheelchair about the axes X, Y and Z. The sensor 14 also
includes a radio frequency transmitter 16 used to transmit the siguals wirelessly. A
controller 18 is also part of system 10. In this example the controller 18 is also mounted
on the wheelchair 12 but in another embodiment may be worn by (mounted on) the user
20. In the example embodiment shown controller 18 comprises a radio frequency
receiver 22 for receiving siguals from the sensor 14, and a microprocessor 24 in
communication with receiver 22. The microprocessor may be, for example, a
programmable logic controller. Software resident in the microprocessor 24 evaluates the
siguals from the sensor 14 and directs the microprocessor to issue commands to one or
more of a plurality of neural stimulating electrodes 26, also part of system 10.

Communication between controller 18 and electrodes 26 may be via wires or wirelessly.

Electrodes 26 are attached to respective muscles (detailed below) of the user 20
and selected ones are activated in response to the siguals according to algorithms encoded
in the software in the microprocessor 24. Electrodes 26 can be mounted on the surface
skin of the user 20 using transcutaneous electrical nerve stimulation equipment (TENS) or
implanted beneath the skin, using intramuscular implants or nerve cuff electrodes. In an
experimental setting, an example system 10 used 8, 12 or 16 channel IPGs to deliver

asymmetrical charged-balanced current controlled stimulus waveforms with pulse
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amplitudes (0-20mA) selectable for each channel and variable pulse durations (0-250

usec) and frequencies (0-20 Hz) set on a pulse by pulse basis.

The wheelchair system 10 according to the invention helps prevent user 20 from
falling out of wheelchair 12 when unexpected destabilizing events, such as collisions or
sharp turns, are encountered during everyday activities. This goal is accomplished by
using the controller I8 to stimulate and thereby activate selected muscles and muscle
groups (over which user 20 has lost control due to a spinal cord injury) in response to the
motion parameters measured by sensor 14 and evaluated by algorithms in the software of
the controller I8. When activated, the selected muscles restore trunk stability

appropriately in response to the particular destabilizing event.

For collisions, such as when the wheelchair 12 encounters a curb, a linear motion
parameter in the direction of wheelchair motion is used to determine muscle activation.
Example linear motion parameters used by the controller 18 and measured by sensor 14
may be linear velocity, linear acceleration, or a combination of the two. The selected
muscles to be activated by electrodes 26 in response to a collision are selected from knee,
hip and trunk extensor muscles and include the erector spinae, the quadratus lumborum,

the gluteus maximus, the posterior adductor and combinations thercof.

For sharp turns, an angular motion parameter oriented about a turning axis (axis Z
in Figure I) of wheelchair 12 is used to determine muscle activation. Example angular
motion parameters used by the controller and measured by sensor 14 include angular
acceleration, angular velocity, and combinations of the two. The selected muscles to be
activated by electrodes 26 in response to a sharp turn are again selected from knee, hip
and trunk extensor muscles, but are separated laterally, with the right erector spinae, right
quadratus lumborum, right gluteus maximus, and right posterior adductor muscles being
selected when the motion parameter is an angular acceleration or an angular velocity in a
counterclockwise direction about the Z axis, and the left erector spinae, left quadratus
lumborum, left gluteus maximus, and left posterior adductor muscles being selected when
the motion parameter is an angular acceleration or an angular velocity in a clockwise

direction about the Z axis.

10
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The invention also encompasses a method of providing neural stimulation to the
user 20 of wheelchair 12. Figure 3 shows a flowchart illustrating an example method,

which comprises:

measuring a motion parameter of the wheelchair (28);

generating a signal indicative of the motion parameter (30);

evaluating the sigual (32); and

activating at least one muscle of the user in response to the sigual (34).

As noted above, measuring the motion parameter of the wheelchair 12 includes
measuring a linear acceleration and/or linear velocity (for a collision for example) and
measuring the angular velocity and/or angular acceleration of the wheelchair about a
turning axis (for sharp turns for example). Generating a sigual includes generating a
sigual, for example, a voltage signal, indicative of any of the motion parameters including
a linear velocity, a linear acceleration, an angular velocity, an angular acceleration, and

combinations thereof.

Evaluating the signal for a collision event comprises converting the signal to a
value indicative of the magnitude of the motion parameter and then comparing that
maguitude to a known threshold value at which muscle stimulus should be applied.
Effective threshold values are known from experiment to vary with each wheelchair user,
and in experimental applications of the method, collision acceleration thresholds ranging
from 3.05 g to about 3.76 g were identified for determining when muscle stimulus should
be applied to the extensor muscles to resist forward flexion to stabilize the user and assist

return to upright sitting during the collision.

For a turning event, evaluating the sigual required determining the direction of
the turn as well as its maguitude. Determining the turn direction comprises comparing the
measured direction to a reference direction to determine whether to activate the left or
right muscle groups. Experimental angular motion parameter maguitude thresholds for
determining when to apply the muscle stimulus ranged from about 97 degrees/sec to

about 100 degrees/sec for applying muscle stimulation during turns.

11



WO 2019/032498 PCT/US2018/045488

10

15

20

25

30

The step of activating at least one muscle, the muscle or muscle group is selected
based upon the measured motion parameters and the neural stimulus is applied to the
selected muscles appropriate for the event (collision or turn). As noted above for an
example embodiment, the erector spinae, quadratus lumborum, gluteus maximus, and
posterior adductor muscles are selected when the measured motion parameter is a linear
acceleration (indicating a collision) which exceeds a threshold value. For a measured
angular motion parameter indicating a left turn and which exceeds a threshold value, one
or more muscles comprises the right erector spinae, the right quadratus lumborum, the
right gluteus maximus, and the right posterior adductor muscles are selected. For a
measured angular motion parameter indicating a right turn and which exceeds a threshold
value, one or more muscles comprising the left erector spinae, the left quadratus

lumborum, the left gluteus maximus, and the left posterior adductor muscles are selected.

Figure 4 illustrates a detailed example method according to the invention used
during a collision. In this example, the linear acceleration in the direction of motion of
the wheelchair (axis X, anterior/posterior acceleration) is monitored (36) using the sensor
14 and controller 18. Once motion is detected, algorithms 38, 40 and 42 within the
controller 18 begin monitoring the siguals from the sensor 14 to detect a collision.
Algorithm 38 calculates the moving root mean square of the anterior/posterior
acceleration continually and compares it against a threshold. Algorithm 40 compares the
derivative of the RMS anterior/posterior acceleration against a threshold. Algorithm 42
calculates the change in velocity (integral of acceleration) and compares that to a
threshold. If the thresholds are exceeded within a predetermined time period, T1I, then a
crash has occurred and the appropriate neuromuscular stimulation is applied by the

controller I8 via electrodes 26.

Figure 5 illustrates another example embodiment of the method according to the

invention which comprises the steps of:

measuring a motion parameter of the wheelchair (44);

generating a signal indicative of the motion parameter (46);

evaluating the sigual (48); and

activating at least one user restraint in response to the sigual (50).

12
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The method steps are similar to those for applying neuromuscular stimulation as
described above, the difference being that a mechanical restraint is applied instead of
muscular stimulation. As shown in Figure 6 the restraints may include applying a brake
52, tightening a seat belt 54 to restrain user 20, and/or broadcasting a distress sigual from
a speaker 56 or over a radio frequency transmitter 58. Activation of the various restraints
is effected by the controller I8 via appropriate interfaces, such as a servomotor 60 to
tighten the seat belt, or an actuator 62, such as a solenoid, to apply the brake. The various
mechanical devices used with the system 10 are advantageously electrical, to permit the

system to be operated by a battery 64.

Figure 7 shows another system 66 which improves the efficiency of manually
propelled wheelchairs 68. System 66 is advantageous for users 70 with poor trunk control
due to paralysis of core, thigh, hip and trunk muscles. Such users have limited trunk
stability and are either unable to fully lean backward and forward when pushing the
wheels 72 or are unsafe when doing so. This condition leads to inefficient pushing and

thus difficulty in traversing challenging terrain such as inclined ramps.

System 66 comprises at least one sensor 74 positioned on user 70 for measuring a
motion parameter of the user while the user is propelling the wheelchair 68. Motion
parameters which are useful in system 66 include a position of a part of the user, an
acceleration of a part of the user, a rate of change of acceleration of a part of the user as
well as an electrical potential of a muscle of the user. One or more sensors 74 may be
advantageously positioned on the user’s upper trunk 76, shoulder 78, arm 80, in particular
wrist 82, and head 84 for measuring the motion parameters of one or more of these parts
of user 70. When it is desired to use electrical potential of a muscle as a motion parameter
it is advantageous to use an electromyographic sensor mounted on the shoulder 78.
Sensor 74 generates one or more siguals indicative of the motion parameter while the user

is propelling wheelchair 68.

In this example embodiment, one motion sensor 74 is used. Sensor 74 comprises
a tri-axial accelerometer, such as a commercially available activity tracker, and is worn
on the wrist 82. The wrist accelerometer 74 has a radiofrequency transmitter which
transmit the siguals indicative of the selected motion parameters wirelessly to a controller
86. Controller 86 may be worn by (mounted on) the user 70 or mounted on the

wheelchair 68 (shown). In the example embodiment shown, controller 86 comprises a

13
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radiofrequency receiver 88 for receiving siguals from the sensors 74, and a
microprocessor 90 in communication with receiver 88. The microprocessor may be, for
example, a programmable logic controller. Software resident in the microprocessor 90
evaluates the siguals from the sensors 74 and directs the microprocessor to issue
commands to one or more of a plurality of neural stimulating electrodes 92, also part of

system 66.

Electrodes 92 are attached to respective muscles (detailed below) of the user 70
and selected ones are activated in response to the siguals according to algorithms encoded
in the software in the microprocessor 90. Electrodes 92 can be mounted on the surface
skin of the user 70 using transcutaneous electrical nerve stimulation equipment (TENS) or
implanted beneath the skin, using intramuscular implants or nerve cuff electrodes.
Selected muscles on which electrodes 92 are to be attached for neuromuscular stimulation
to improve propulsion efficiency include hip flexor muscles, hip extensor muscles, trunk

flexor muscles, trunk extensor muscles, abdominal muscles and combinations thereof.

The invention further encompasses a method of providing assistance to user 70
for manually propelling wheelchair 68. An example method is illustrated in Figures 8-14,

and comprises:

detecting when user 70 has recovered from a previous push of the wheels

72 of the wheelchair 68 (Figure 8);
user 70 executing a next push of the wheels 72 (Figures 9-11);

applying neural stimulation to trunk and hip flexor muscles of user 70

while the user executes the next push of the wheels;

detecting when the user has completed the next push of the wheels

(Figure 11);

removing neural stimulation to the trunk and hip flexor muscles of user

70 when the user has completed the next push of said wheels (Figure 11);

the user 70 recovering from the next push of said wheels (Figures 12-14);
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applying neural stimulation to trunk and hip extensor muscles of the user

70 while the user is recovering from the next push of the wheels (Figures 12-14);

detecting when the user 70 has recovered from the next push of the

wheels (Figure 8);

5 removing neural stimulation from the trunk and the hip extensor muscles

of the user 70 when the user has recovered from the next push of the wheels (Figure 8).

As illustrated in Figures 8-14, it is advantageous to apply neuromuscular
stimulation to the trunk and hip flexor muscles while user 70 executes a push of wheels
72 because the pushing effort of the arms 80 is augmented by the force and weight of the
10 trunk 76 as it bends forward in flexion (Figures 9-11) in response to the stimulation.
Similarly, it is advantageous to remove the stimulation to the trunk and hip flexor muscles
and apply stimulation to the trunk and hip extension muscles to cause extension of the
trunk 76 (Figures 12-14) so that the user 70 may recover in preparation for the next push
(Figure 8). The timing of the application and removal of the neuromuscular stimulation
15 depends upon detecting when user 70 has recovered and when the user has completed a

push.

Detecting when user 70 has recovered from a push is effected by measuring a
motion parameter of a part of the user while recovering. Practical motion parameters
include a position of a part of the user, an acceleration of a part of the user, a rate of

20  change of acceleration of a part of the user and an electrical potential of a muscle of the
user, as well as combinations of these motion parameters. The parts of the user for which
these motion parameters may be measured include the upper trunk 76, the shoulder 78,

the arm 80, the wrist 82, the head 84 and combinations of these parts.

Detecting when user 70 has completed a push is effected by measuring a motion
25  parameter of a part of the user while the user is pushing the wheels 72. Practical motion
parameters include a position of a part of the user, an acceleration of a part of the user, a
rate of change of acceleration of a part of the user and an electrical potential of a muscle
of the user, as well as combinations of these motion parameters. The parts of the user for
which these motion parameters may be measured include the upper trunk 76, the shoulder

30 78, the arm 80, the wrist 82, the head 84 and combinations of these parts.
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Experimental evidence has shown that motion parameters of the wrist 82 of user
70, specifically the anterior-posterior acceleration and rate of change of acceleration, in
combination with medial-lateral acceleration and rate of change of acceleration of the
wrist, are useful in determining both the recovery from a push and the completion of a
push by the user. Figures 15 and 16 illustrate an example embodiment of an algorithm

using these wrist motion parameters.

As shown in Figure 15, detecting when user 70 has completed a push of wheels

72 is effected by:

detecting an acceleration sigual indicative of anterior-posterior
acceleration of a part of the user (wrist 82) greater than a predetermined threshold value

%)

detecting an increasing rate of change of the acceleration sigual (96);

detecting a medial-lateral acceleration of the part of the user (wrist 82)

within a predetermined range of values (98).

As shown in Figure 16, detecting when user 70 has recovered from a push is
effected by:

detecting an acceleration sigual indicative of anterior-posterior
acceleration of a part of the user (wrist 82) less than a predetermined threshold value

(100);

detecting a decreasing rate of change of the acceleration sigual (102);

detecting a medial-lateral acceleration of the part of the user (wrist 82)

having an increasing rate of change (104).

Although it is expected that the motion parameters of other parts of the user 70
may also be used to detect push completion and recovery, it has been found effective to

use the motion of the wrist 82 of the user 70 to execute this algorithm.

It is expected that the systems and methods according to the invention will

enhance a wheelchair user’s experience, ability, efficiency and safety.
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What is claimed is:

1. A wheelchair system providing neural stimulation to a user, said system

comprising:

a wheelchair;

a sensor positioned on said wheelchair for measuring a motion parameter

thereof and generating one or more siguals indicative of said motion parameter;

a plurality of neural stimulating electrodes, each said electrode attached

to a respective muscle of said user for activating said respective muscle;

a controller in communication with said sensor and adapted to receive
said siguals, said controller also being in communication with said plurality of electrodes

for activating selected ones of said respective muscles in response to said siguals.

2. The wheelchair system according to claim 1, wherein said controller is

mounted on one of said wheelchair or said user.

3. The wheelchair system according to claim 1, wherein said motion parameter

comprises a linear motion parameter.

4. The wheelchair system according to claim 3, wherein said linear motion
parameter is oriented in a direction of motion of said wheelchair, said linear motion
parameter being selected from the group consisting of linear velocity, linear acceleration

and combinations thereof.

5. The wheelchair system according to claim 4, wherein said electrodes are
attached to muscles selected from the group consisting of erector spinae, quadratus

lumborum, gluteus maximus, posterior adductor and combinations thereof.

6. The wheelchair according to claim 5, wherein said electrodes are implanted

beneath said user’s skin.

7. The wheelchair according to claim 5, wherein said electrodes are mounted on

a surface of said user’s skin.
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8. The wheelchair system according to claim 1, wherein said motion parameter

comprises an angular motion parameter.

9. The wheelchair system according to claim 8, wherein said angular motion
parameter is oriented about a turning axis of said wheelchair, said angular motion
parameter being selected from the group consisting of angular acceleration, angular

velocity, and combinations thereof.

10. The wheelchair system according to claim 9, wherein said electrodes are
attached to muscles selected from the group consisting of right erector spinae, right
quadratus lumborum, right gluteus maximus, right posterior adductor, left erector spinae,
left quadratus lumborum, left gluteus maximus, left posterior adductor and combinations

thereof.

11. The wheelchair system according to claim 10, wherein said electrodes are

implanted beneath said user’s skin.

12. The wheelchair system according to claim 10, wherein said electrodes are

mounted on a surface of said user’s skin.

13. The wheelchair system according to claim 1, wherein said sensor comprises

an inertial measurement unit.

14. The wheelchair system according to claim 1, wherein said sensor comprises

at least one gyroscope and at least one accelerometer.

15. The wheelchair system according to claim 1, wherein said sensor comprises a

radio frequency transmitter for wirelessly transmitting said siguals to said controller.

16. The wheelchair system according to claim 1, wherein said controller
comprises a radio frequency receiver for receiving said signals and a microprocessor in

communication with said receiver.

17. The wheelchair system according to claim 1, further comprising a seat belt
controlled by a motor mounted on said wheelchair, said controller controlling said motor

for tightening said belt.
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18. The wheelchair system according to claim 1, further comprising a brake
controlled by an actuator mounted on said wheelchair, said controller controlling said

actuator for applying said brake.

19. The wheelchair system according to claim 1, further comprising a distress

indicator controlled by said controller for broadcasting a distress call.

20. A method of providing neural stimulation to a user of a wheelchair based

upon motion of said wheelchair, said method comprising:
measuring a motion parameter of said wheelchair;
generating a signal indicative of said motion parameter;
evaluating said signal;
activating at least one muscle of said user in response to said sigual.

21. The method according to claim 20, wherein said measuring said motion

parameter comprises measuring a linear velocity of said wheelchair.

22. The method according to claim 20, wherein said measuring said motion

parameter comprises measuring a linear acceleration of said wheelchair.

23. The method according to claim 20, wherein said measuring said motion

parameter comprises measuring an angular acceleration of said wheelchair.

24. The method according to claim 20, wherein said measuring said motion

parameter comprises measuring an angular velocity of said wheelchair.

25. The method according to claim 20, wherein said generating a sigual
comprises generating a sigual indicative of at least one said motion parameter selected
from the group consisting of a linear velocity, a linear acceleration, an angular velocity,

an angular acceleration, and combinations thereof.

26. The method according to claim 20, wherein said evaluating said sigual

comprises:
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converting said sigual to a value indicative of a maguitude of said motion

parameter; and

comparing said maguitude to a threshold maguitude of said motion

parameter.

27. The method according to claim 20, wherein said evaluating said sigual

comprises:

converting said sigual to a value indicative of a direction of said motion

parameter; and

comparing said direction to a reference direction.

28. The method according to claim 20, wherein said activating at least one

muscle of said user in response to said sigual comprises:

selecting one or more muscles of said user;

applying a neural stimulus to activate said one or more muscles.

29. The method according to claim 28, wherein said selecting one or more
muscles of said user comprises selecting erector spinae, quadratus lumborum, gluteus
maximus, and posterior adductor muscles when said motion parameter is a linear

acceleration which exceeds a threshold value.

30. The method according to claim 28, wherein said selecting one or more
muscles of said user comprises selecting right erector spinae, right quadratus lumborum,
right gluteus maximus, and right posterior adductor muscles when said motion parameter
is an angular acceleration or an angular velocity in a counterclockwise direction about a

turning axis.

31. The method according to claim 28, wherein said selecting one or more
muscles of said user comprises selecting left erector spinae, left quadratus lumborum, left
gluteus maximus, and left posterior adductor muscles when said motion parameter is an

angular acceleration or an angular velocity in a clockwise direction about a turning axis.
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32. A method of providing neural stimulation to a user of a wheelchair based

upon motion of said wheelchair during a collision, said method comprising:

monitoring linear acceleration in a direction of motion of said

wheelchair;

5 calculating a moving root mean square of said linear acceleration and

comparing it against a first predetermined threshold value;

comparing a derivative of said root mean square linear acceleration

against a second predetermined threshold value;

calculating a change in velocity using said linear acceleration and

10 comparing said change in velocity to a third predetermined threshold value;

applying neuromuscular stimulation if said first, second and third

predetermined threshold values are exceeded within a predetermined time period.

33. A method of applying a restraint to a user of a wheelchair based upon motion

of said wheelchair, said method comprising:
15 measuring a motion parameter of said wheelchair;
generating a signal indicative of said motion parameter;
evaluating said signal;
activating at least one said restraint in response to said sigual.

34. The method according to claim 33, wherein said measuring said motion

20  parameter comprises measuring a linear velocity of said wheelchair.

35. The method according to claim 33, wherein said measuring said motion

parameter comprises measuring a linear acceleration of said wheelchair.

36. The method according to claim 33, wherein said measuring said motion

parameter comprises measuring an angular acceleration of said wheelchair.
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37. The method according to claim 33, wherein said measuring said motion

parameter comprises measuring an angular velocity of said wheelchair.

38. The method according to claim 33, wherein said generating a sigual
comprises generating a sigual indicative of at least one said motion parameter selected
from the group consisting of a linear velocity, a linear acceleration, an angular velocity,

an angular acceleration, and combinations thereof.

39. The method according to claim 33, wherein said evaluating said sigual

comprises:

converting said sigual to a value indicative of a maguitude of said motion

parameter; and

comparing said maguitude to a threshold maguitude of said motion

parameter.

40. The method according to claim 33, wherein said evaluating said sigual

comprises:

converting said sigual to a value indicative of a direction of said motion

parameter; and

comparing said direction to a reference direction.

41. The method according to claim 33, wherein activating at least one said
restraint in response to said signal is selected from the group consisting of tightening a
belt securing said user to said wheelchair, applying a brake to slow said wheelchair,

broadcasting a distress sigual and combinations thereof.

42. A system providing assistance to a user for manual propulsion of a

wheelchair, said system comprising:

at least one sensor positioned on said user for measuring a motion
parameter of said user while propelling said wheelchair, said at least one sensor

generating one or more signals indicative of said motion parameter;
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a plurality of neural stimulating electrodes, each said electrode attached

to a respective muscle of said user for activating said respective muscle;

a controller in communication with said at least one sensor and adapted
to receive said siguals, said controller also being in communication with said plurality of
electrodes for activating selected ones of said respective muscles in response to said

siguals.

43. The system according to claim 42, wherein said controller is mounted on one

of said wheelchair or said user.

44. The system according to claim 42, wherein said at least one sensor is
mounted on said user in a position selected from the group consisting of an upper trunk of
said user, a shoulder of said user, an arm of said user, a wrist of said user, a head of said

user and combinations thereof.

45. The system according to claim 42, wherein said motion parameter is selected
from the group consisting of a position of a part of said user, an acceleration of a part of
said user, a rate of change of acceleration of a part of said user, an electrical potential of a

muscle of said user, and combinations thereof.

46. The system according to claim 45, wherein said part of said user is selected
from the group consisting of an upper trunk of said user, a shoulder of said user, an arm

of said user, a wrist of said user, a head of said user and combinations thereof.

47. The system according to claim 42, wherein said electrodes are attached to
muscles selected from the group consisting of hip flexor muscles, hip extensor muscles,
trunk flexor muscles, trunk extensor muscles, abdominal muscles and combinations

thereof.

48. The system according to claim 47, wherein said electrodes are implanted

beneath said user’s skin.

49. The system according to claim 47, wherein said electrodes are mounted on a

surface of said user’s skin.
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50. The system according to claim 42, wherein said at least one sensor comprises

an inertial measurement unit.

51. The system according to claim 42, wherein said at least one sensor comprises

at least one accelerometer.

52. The system according to claim 42, wherein said at least one sensor comprises

at least one electromyographic sensor.

53. The system according to claim 42, wherein said at least one sensor comprises

aradio frequency transmitter for wirelessly transmitting said siguals to said controller.

54. A method of providing assistance to a user for manually propelling a

wheelchair, said method comprising:

detecting when said user has recovered from a previous push of said

wheels of said wheelchair;

said user executing a next push of said wheels;

applying neural stimulation to trunk and hip flexor muscles of said user

while said user executes said next push of said wheels;
detecting when said user has completed said next push of said wheels;

removing neural stimulation to said trunk and said hip flexor muscles of

said user when said user has completed said next push of said wheels;

said user recovering from said next push of said wheels;

applying neural stimulation to trunk and hip extensor muscles of said

user while said user is recovering from said next push of said wheels;

detecting when said user has recovered from said next push of said

wheels;

removing neural stimulation from said trunk and said hip extensor

muscles of said user when said user has recovered from said next push of said wheels.
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55. The method according to claim 54, wherein said detecting when said user has

recovered comprises:

measuring a motion parameter of a part of said user while said user is

recovering.

56. The method according to claim 55, wherein said motion parameter is selected
from the group consisting of a position of a part of said user, an acceleration of a part of
said user, a rate of change of acceleration of a part of said user, an electrical potential of a

muscle of said user and combinations thereof.

57. The method according to claim 56, wherein said part of said user is selected
from the group consisting of an upper trunk of said user, a shoulder of said user, an arm

of said user, a wrist of said user, a head of said user, and combinations thereof.

58. The method according to claim 54, wherein said detecting when said user has

completed said push of said wheels comprises:

measuring a motion parameter of said user while said user is pushing said

wheels.

59. The method according to claim 54, wherein said motion parameter is selected
from the group consisting of a position of a part of said user, an acceleration of a part of
said user, a rate of change of acceleration of a part of said user, an electrical potential of a

muscle of said user and combinations thereof.

60. The method according to claim 59, wherein said part of said user is selected
from the group consisting of an upper trunk of said user, a shoulder of said user, an arm

of said user, a wrist of said user, a head of said user, and combinations thereof.

61. The method according to claim 54, wherein said detecting when said user has

recovered comprises measuring anterior-posterior acceleration of a wrist of said user.

62. The method according to claim 61, further comprising measuring a rate of

change of said anterior-posterior acceleration.
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63. The method according to claim 62, further comprising measuring a rate of

change of a medial-lateral acceleration of said wrist.

64. The method according to claim 54, wherein said detecting when said user has
completed said push comprises measuring anterior-posterior acceleration of a wrist of

said user.

65. The method according to claim 64, further comprising measuring a rate of

change of said anterior-posterior acceleration.

66. The method according to claim 65, further comprising measuring a medial-

lateral acceleration of said wrist.

67. The method according to claim 54, wherein detecting when a user has

completed a push of said wheels comprises:

detecting an acceleration sigual indicative of anterior-posterior

acceleration of a part of said user greater than a predetermined threshold value;

detecting an increasing rate of change of said acceleration sigual;

detecting a medial-lateral acceleration of said part of said user within a

predetermined range of values.

68. The method according to claim 54, wherein detecting when a user has

recovered from a push of said wheels comprises:

detecting an acceleration sigual indicative of anterior-posterior

acceleration of a part of said user less than a predetermined threshold value;

detecting a decreasing rate of change of said acceleration sigual;

detecting a medial-lateral acceleration of said part of said user having an

increasing rate of change.

69. The method according to claim 67, wherein said part of said user comprises a

wrist.

26



WO 2019/032498 PCT/US2018/045488

70. The method according to claim 68, wherein said part of said user comprises a

wrist.

27



WO 2019/032498 PCT/US2018/045488

110




WO 2019/032498

PCT/US2018/045488

210

FIG. 2



WO 2019/032498 PCT/US2018/045488

310

MEASURE AMOTION PARAMETER P
OF THE WHEELCHARR

é

GENERATE A SIGNAL INDICATIVE 3
OF THE MOTION PARAMETER

é

EVALUATE THE SIGNAL e

:

ACTIVATE AT LEAST ONE MU
USER IN RESPONSETOT

FIG. 3

SCLEOFTHE | ~H
HE

SIGNAL




WO 2019/032498

410
jﬁ
MONITOR WHEELCHAR

AGCELERATION

ANTERIOR/POSTERIOR s

PCT/US2018/045488

0 2
A / A W/ /
1 [CALCULATE MOVING ROOT
CALCULATE DERVATE VEAN SCUARE RS OF |—> cAL%JVLﬁ% gg@qeﬁ
| AP ACCELERATION) |

v

ALLTRUEWITHIN TIME !

L

ACTIVATE STIMULATION

FIG. 4



WO 2019/032498 PCT/US2018/045488

o1l

MEASURE AMOTION PARAMETER Pl
{F THE WHEELCHAR

é

GENERATE A SIGNAL INDICATIVE P
OF THE MOTION PARAMETER

;

EVALUATE THE SIGNAL L

;

ACTIVATE AT LEAST ONE USER RESTRAINT | ~50
IN RESPONSE TO THE SIGNAL

FIG. 5




WO 2019/032498 PCT/US2018/045488

/10




7116

FIG. 7



WO 2019/032498 PCT/US2018/045488

810




WO 2019/032498

910

PCT/US2018/045488

DETECT ACCELERATION INDICATIVE OF
ANTERICR - POSTERIOR ACCELERATION OF APART OF
THE USER GREATER THAN A PREDETERMINED
THRESHOLD VALUE

'

DETECT AN INCREASING RATE OF CHANGE OF THE
ACCELERATION SIGNAL

;

DETECT A MEDIAL-LATERAL ACCELERATION OF THE
PART OF THE USER WITHIN APREDETERMINED
RANGE OF VALUES

FIG. 15



WO 2019/032498

10110

PCT/US2018/045488

DETECT AN ACCELERATION SIGNAL INDICATIVE OF
ANTERIOR - POSTERIOR ACCELERATION OF APART OF
THE USER LESS THAN A PREDETERMINED

THRESHOLD VALUE

'

DETECT ADECREASING RATE OF CHANGE OF THE
ACCELERATION SIGNAL

é

DETECT A MEDIAL - LATERAL ACCELERATION OF THE
PART OF THE USER HAVING AN INCREASING RATE
OF CHANGE

FIG. 16



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2018/045488

A. CLASSIFICATION OF SUBJECT MATTER

CPC -

IPC(8) - AB1G 5/02; A61B 5/00; A61G 5/00; A61G 5/10 (2018.01)
A61G 5/02; A61B 5/6887; A61B 5/6894; A61G 5/10; A61G 2203/30; A61G 2203/36 (2018.08)

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

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 280/647; 280/650; 701/36; 701/49 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2013/0123568 A1 (HAMILTON et al) 16 May 2013 (16.05.2013) entire document 20-22, 25, 28, 30, 31,
’ 42-47, 49-53
1-16, 18, 19, 23, 24, 26,
27,29, 48
A 32, 54-70
X WO 2017/059534 A1 (THE GOVERNORS OF THE UNIVERSITY OF ALBERTA) 13 April 2017 |33-39, 41
- (13.04.2017) entire document -
Y 1-16, 18, 19, 23, 24, 26,
29,40
Y US 2007/0123950 A1 (LUDLOW et al) 31 May 2007 (31.05.2007) entire document 6, 11, 48
Y US 2016/0075226 A1 (SUPERPEDESTRIAN INC) 17 March 2016 (17.03.2016) entire 18, 27, 40
document
A WO 98/20827 A1 (SCICARE SYSTEMS INTERNATIONAL, INCORPORATED) 22 May 1998 17
(22.05.1998) entire document
A US 2011/0168478 A1 (KUO et al) 14 July 2011 (14.07.2011) entire document 1-70
A US 2015/0374563 A1 (REHABILITATION INSTITUTE OF CHICAGO) 31 December 2015 1-70
(31.12.2015) entire document

| I Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“p”  document published prior to the international filing date but later than

the priority date claimed

“T later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

05 November 2018

Date of mailing of the international search report

29 NOV 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2018/045488

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

I. D Claims Nos.:

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

2. D Claims Nos.:

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

3. D Claims Nos.:

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

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

This International Searching Authority found multiple inventions in this international application, as follows:
See extra shest(s).

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

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

3. E] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those ciainis for Which fees were paid, speciflcally claims Nos..

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

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

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

ﬁ No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International apphication No.

PCT/US2018/045488

Continued from Box No. 1! Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |, claims 1-19, 42-53 are drawn to a system comprising a wheelchair, a sensor, and electrodes.

Group !l, claims 20-32 are drawn to a method comprising applying stimulation to a user of a wheelchair.

Group IlI, claims 33-41 are drawn to a method comprising activating a restraint.

Group |V, claims 54-70 are drawn to a method comprising providing assistance to manually propelling a wheelchair.

The inventions listed in Groups |, Il, 1, and IV do not relate to a single general inventive concept under PCT Rule 13.1, because under
PCT Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group |, a plurality of neural stimulating electrodes, each said electrode attached to a respective
muscle of said user for activating said respective muscle; a controller in communication with said sensor and adapted to receive said
signals, said controller also being in communication with said plurality of electrodes for activating selected ones of said respective
muscles in response to said signals, are not present in Groups !, 111, or IV; the special technical features of Group II, calculating a
moving root mean square of said linear acceleration and comparing it against a first predetermined threshold value; comparing a
derivative of said root mean square linear acceleration against a second predetermined threshold value; calculating a change in velocity
using said linear acceleration and comparing said change in velocity to a third predetermined threshold value, applying neuromuscutar
stimutation if said first, second and third predetermined threshold values are exceeded within a predetermined time period, are not
present in Groups |, lIl, or IV; the special technical features of Group 1, a method of applying a restraint to a user, activating at least one
said restraint in response to said signal, are not present in Groups }, II, or IV; and the special technical features of Group 1V, detecting
when said user has recovered from a previous push of said wheels of said wheelchair; said user executing a next push of said wheels,
applying neural stimulation to trunk and hip flexor muscles of said user while said user executes said next push of said wheels; detecting
when said user has completed said next push of said wheels; removing neural stimulation to said trunk and said hip flexor muscles of
said user when said user has completed said next push of said wheels; said user recovering from said next push of said wheels;
applying neural stimulation te trunk and hip extensor muscles of said user while said user is recovering from said next push of said
wheels; detecting when said user has recovered from said next push of said wheels; removing neural stimulation from said trunk and
said hip extensor muscles of said user when said user has recovered from said next push of said wheels, are not present in Groups |, Il
or lil.

Groups | and !l share the techriical features of a method for treating a user of a wheelchair comprising measuring a motion parameter of
said wheelchair; generating a signal indicative of said motion parameter; and applying neuromuscular stimulation. However, these
shared technical features do not represent a contribution over the prior art. Specifically, US 2013/0123568 A1 to Hamilton et al. teaches
of a method for treating a user of a wheelchair (Abstract, para. [0031]-[0032] regarding wheelchair use) comprising measuring a motion
parameter of said wheelchair (Fig. 1, wherein a 3-axis accelerometer measuring the motion of a patient, wherein the patient is within a
wheelchair and the acceleration of the patient will match the acceleration of the wheelchair, para. (0032]; motion sensor 20, para.
{0034)); generating a signal indicative of said motion parameter (Fig. 1, wherein the accelerometer 20 generates a signal to a control
algorithm 12, para. [0034]); and applying neuromuscular stimulation (Fig. 1, wherein the FES electrode system 14 applies stimulation to
muscles 16 in response to the measurad motion, para. [0034]).

Groups Il and !l share the technical features of a method for treating a user of a wheelchair comprising measuring a motion parameter
of said wheelchair; generating a signal indicative of said motion parameter; and evaluating said signal. However, these shared technical
features do not represent a contribution over the prior art. Specifically, US 2013/0123568 A1 to Hamilton et al. teaches of a method for
treating a user of a wheelchair (Abstract, para. {0031]-{0032] regarding wheelchair use) comprising measuring a motion parameter of
said wheelchair (Fig. 1, wherein a 3-axis accelerometer measuring the motion of a patient, wherein the patient is within a wheelchair and
the acceleration of the patient will match the acceleration of the wheelchair, para. [0032]; motion sensor 20, para. [0034]); generating a
signal indicative of said motion parameter (Fig. 1, wherein the accelerometer 20 generates a signal to a control algorithm 12, para.
[0034)); and evaluating said signal (Fig. 1, wherein the control algorithm 12 uses the accelerometer signal to control the FES system 14
by evaluating the motion and adjusting the stimulation pattern, para. [0034]).

Groups |, |1, and |1l share the technical features of a method for treating a user of a wheelchair comprising measuring a motion
parameter of said wheelchair; and generating a signal indicative of said motion parameter. However, these shared technical features do
not represent a contribution over the prior art. Specifically, US 2013/0123568 A1 to Hamilton et al. teaches of a method for treating a
user of a wheelchair (Abstract, para. [0031)-{0032] regarding wheelchair use) comprising measuring a motion parameter of said
wheelchair (Fig. 1, wherein a 3-axis accelerometer measuring the motion of a patient, wherein the patient is within a wheelchair and the
acceleration of the patient will match the acceleration of the wheelchair, para. [0032]; motion sensor 20, para. [0034]); and generating a
signal indicative of said motion parameter (Fig. 1, wherein the accelerometer 20 generates a signal to a contro! algorithm 12, para.
[0034])).

Groups | and [V share the technical features of a method of providing assistance to a user for manually propelling a wheelchair
comprising applying neural stimulation. However, these shared technical features do not represent a contribution over the prior art.
Specifically, US 2013/0123568 A1 to Hamilton et al. teaches of a method of providing assistance to a user for manually propelling a
wheslchair (Abstract, para. [0032] regarding wheelchair use; para. [0034], wherein muscles 16 are stimulated to produce a desired
output motion, such as wheelchair pushes as per para. {[0032]) comprising applying neural stimulation (Fig. 1, wherein FES 14 applies
stimulation to muscles 16, wherein the muscles 16 control a push of a wheelchair as per para. [0032]).

Since none of the special technical features of the Group |, 1i, IIf, and 1V inventions are found in more than one of the inventions, unity is
lacking.
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