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(57) Abstract: A prosthetic device control apparatus is disclosed. The control apparatus includes at least one sensor worn by a
e user. The sensor(s) determines a user’s movement. Also, a control module in communication with the sensor(s). The control module
< communicates movement information to a prosthetic. Also, a method for controlling a prosthetic device is disclosed. The method
includes sensing a user’s movement, communicating the movement through a control module to a prosthetic device; and controlling

the movement of a prosthetic device.
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METHOD AND APPARATUS FOR CONTROL OF A PROSTHETIC

TECHNICAL FIELD
The present invention relates to control of a prosthetic and more particularly, to an

apparatus and method for control of a prosthetic device.

BACKGROUND OF THE INVENTION
Many remote controls have been designed to manipulate robotic devices, mechanical
devices, and virtual devices. There i1s a desire for a control system that may process user
signals quickly and accurately while providing smooth directional and proportional control

of associated objects.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, a prosthetic device control
apparatus is disclosed. The control apparatus includes at least one sensor and at least one
control module in communication with the sensor(s). The sensor(s) detects body input. The
control module communicates movement information to a prosthetic.

In accordance with another aspect of the invention, the at least one sensor 1s
disposed in footwear. In accordance with a further aspect of the invention, the control
module is also disposed in footwear. In accordance with another aspect of the invention, the

at least one sensor 1s disposed in a prosthetic support apparatus.
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In accordance with another aspect of the invention, the control module 1s in wireless
communication with the at least one sensor. In accordance with a further aspect of the
invention, the control module 1s in wireless communication with the prosthetic.

In accordance with another aspect of the present invention, a method for controlling
a prosthetic device 1s disclosed. The method comprises sensing body input. The method
also comprises communicating the sensed body input to a control module. The method
further comprises controlling movement of the prosthetic device based on the sensed body
Input.

These aspects of the invention are not meant to be exclusive and other features,
aspects, and advantages of the present invention will be readily apparent to those of
ordinary skill in the art when read 1n conjunction with the appended claims and

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present invention will be better
understood by reading the following detailed description, taken together with the drawings
wherein:

FIG. 1 1s a schematic diagram of the prosthetic controller apparatus and function
thereof

FI1G. 2 1s a side elevation view of one embodiment of a foot controller placed inside a
shoe;

FIG. 3 1s a side elevation of one embodiment of a foot controller;

FIG. 4 1s a top plan view of one embodiment of a foot controller;

FIG. 5 15 a side plan view and a side elevation view of a joystick, one embodiment of a
motion reader for a foot controller;

FIG. 6 1s a cross-sectional view of a joy stick, one embodiment of a motion reader for a
foot controller ;

FIG. 7 1s a top plan view and a side plan view of a rollerball joy stick, another
embodiment of a motion reader for a foot controller; and

FIG. 8A 15 a top plan view of a one embodiment of a foot controller;

FIG. 8B 1s a top plan view of an embodiment of a foot controller, showing where the
sensors are placed in relation to a user’s foot;

FIG. 9 1s a side elevation view of one embodiment of a foot controller;

FIG. 10A 1s a top plan view of another embodiment of a foot controller:
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FIG. 10B is a top plan view of another embodiment of a foot controller, showing where
the sensors are placed in relation to a user’s foot;
FIG. 11A 1s a top plan view of yet another embodiment of a foot controller;
FIG. 11B 1s a top plan view of yet another embodiment of a foot controller, showing
5 where the sensors are placed in relation to the user’s foot;
F1G. 12 1s a side elevation view of another embodiment of a foot controller;
FIG. 13 1s a side elevation view of another embodiment ot a foot controller, showing
where the sensors are in relation to a user’s foot;
FIG. 14 1s a side elevation view of yet another embodiment of a foot controller as it is
10  placed inside a user’s shoe;
FIG. 15 1s a side elevation view of yet another embodiment of a foot controller as it is
placed inside a user’s shoe, showing where the sensors are in relation to a user’s foot;
FIG. 16 1s a side view of one embodiment of a residuum controller;
FIG. 17 1s a perspective view of the residuum controller of FIG. 16;
15 FIG. 18 1s a perspective view of the residuum controller of FIG. 16 incorporated into a

prosthetic support apparatus;

FIG. 1915 a side view of the residuum controller of FIG. 16 in use;
FIG. 20 1s a side view of the residuum controller of FIG. 16 in use;
FIG. 21 1s a side view of the residuum controller of FIG. 16 in use:
20 FIG 22 1s a front view of a kinematic mapping embodiment of the control apparatus;
FIG. 23, 1s one method of control of the prosthetic;
F1G. 24 is the method of control of the prosthetic according to FIG. 23 with an
additional holding step;
FIGS. 25 is a schematic diagram of a control method during a setup state;
25 FIGS. 26 1s a schematic diagram of a control method during a deactivated state; and

FIG. 27 1s a schematic diagram of a control method during an activated state.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIG. 1, a schematic view of a control apparatus 10 for a prosthetic 12 is
30  shown. The control apparatus 10 comprises one or more sensors 14 and an electronic
controller 16.
The sensors 14 may be disposed at various locations on a user to sense body input
18 from the user. For example, the sensor 14 may be located to provide pressure

information supplied by a foot 20 of the user. Similarly, sensors 14 may be positioned to
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measure body input 18 from other body parts of the user such as a head 22, an upper torso
24, a waist 26 or a shoulder 28. Sensors 14 may measure pressure, force, rate, or
acceleration. Alternatively, the sensors 14 may be EMG electrodes.

The electronic controller 16 may be comprised of a single unit that collects data
from the sensors 14, completes algorithms to translate the data into a desired movement,
and sets and runs a plurality of prosthetic actuators 30 to achieve the desired movement of
the prosthetic 20. |

Alternatively, the electronic controller 16 may be comprised of two units that control
the prosthetic 20, with a first unit setting and running the prosthetic actuators 30 and
collecting physical inputs from the prosthetic 20, and a second unit collecting data from
sensors 14, completing the algorithms to translate the data into the desired movement and
sending the desired movement to the first unit.

Referring to FIG. 2, one embodiment of the control apparatus 10 is shown as a toe
controller 110, wherein the like numerals represent the like elements. Toe controller 110
comprises one or more inner sole sensors 114 and an electronic controller 116. In this
embodiment, inner sole sensor 114 is positioned in a housing 132 of a joystick 134 and
senses motion of the joystick 134, which has at least two degrees of freedom. The joystick
134 1s placed on a sole 136 of footwear 138, and connected to the electronic controller 116.

Referring to FIGS. 3 and 4, the toe controller 110 locates the joystick 134 between a
big toe 140 and an index toe 142 of a foot 120. Referring to FIGS. 5-6, the joystick 134 has
a rod 144 centered through and operatively connected to the housing 132 such that rod 144
has two degrees of freedom. The sensor 114, as shown in FIG. 6 is positioned inside the
housing 132 and below rod 144. While the dimensions of housing 132 may vary, in the
exemplary embodiment, it has dimensions small enough to fit comfortably between the
user’s big toe 140 and index toe 142 and small enough to fit inside footwear 138. Housing
132 may also have mounts 146 so that joystick 134 may be attached to the sole 136 of
footwear 138. The dimensions of rod 144 may vary, but in the exemplary embodiment, the
rod 144 should at least be long enough for the user to grasp it between the big toe 140 and
index toe 142. In the exemplary embodiment, the joystick 134 is thick enough that when
the user presses against it, the joystick 134 will not break. Rod 144 may be made of
stainless steel or other durable material. A magnet 148 may be placed at the end of rod 144
disposed inside the housing 132. The sensor 114 is connected by wires or wirelessly to an
electronic controller 116, as shown in FIG. 2. Blue Tooth, RF communication, or other

similar wireless connection may also be used to wirelessly connect sensor 114 to electronic
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controller 116. Sensor 114 detects the position of rod 144 and relays that information to the
electronic controller 116. Sensor 114 may be a cross-axial sensor or other similar sensor.

In the embodiment shown in FIGS. 2-6, the user grips rod 144 with the big toe 140
and index toe 142 and presses against the rod 144 to control a direction of movement of an
associated device, sugh as movement of a mouse on a computer screen, movement of a car,
movement of a prosthetic limb, or movement of other similar remote-controlled devices.
The user may also move rod 144 by placing the big toe 140 on top of rod 144 and pressing
the rod 144 1n the desired direction. As the user moves rod 144, sensor 114 detects
displacement of the magnet 148 at the end of rod 144, and thus detects the direction the user
1S moving rod 144. That displacement information is then relayed to the electronic
controller 116 which translates the movement of rod 144 into a desired movement of the
associated device and communicates the displacement information to the associated device.
The toe controller 110 has control of two degrees of freedom such as left and right, up and
down, or forward and backward. The toe controller 110 may also be used as a discrete
switch to open and close the associated device.

Referring to FIG. 7, in another embodiment, a ball joystick 234 includes a roller ball
244 nstead of the rod 144. In this embodiment, the user may control the direction of the
associated device by moving the big toe 140 across the roller ball 244. For example, if the
ball joystick 234 1s programmed to control left and right movement of a prosthetic arm,
when the user presses the left side of roller ball 244, the prosthetic arm will move to the left.
Similarly, when the user presses the right side of roller ball 244, the prosthetic arm will
move 1o the right.

Referring to FIGS. 8A, 8B and 9, another alternative embodiment of the control
apparatus 10 1s shown as a foot controller 310. In this embodiment, an inner sole 336
includes sole sensors 314, positioned at various points on the inner sole 336. The sole
sensors 314 may be of the type such as pressure sensors, force sensors, or the like. The
sensors 314 are affixed to an underside 350 of the inner sole 336. The electronic controller
316 may be programmed to control various functions based on the input from each sole
sensor 314. Although shown with multiple sole sensors 314, as few as one sole sensor 314
may be used, 1n which case the sole sensor 314 may function as a discrete on/off switch.
Those skilled in the art will appreciate that by adding more sole sensors 314 to inner sole
336, the difficulty in independently controlling the movement of and pressure applied to
each sensor 314 must be taken into consideration. Using two sole sensors 314, the foot

controller 310 will have two degrees of freedom, either up and down, left and right, forward
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and backward, open and close or other similar discrete function. Using four sole sensors
314, the foot controller 310 will have four degrees of freedom with the ability to move
forward, backward, left, and right or up, down, left, and right. Using six sole sensors 314,
the foot controller 310 will have 6 degrees of freedom with the ability to move up, down,
left, nght, forward, and backward.

In the exemplary embodiment shown in FIGS. 8 and 9, foot controller 310 for a
prosthetic arm has four sole sensors 314 placed on the underside 350 of the inner sole 336.
FIG. 8B shows where the sole sensors 314 are in relation to a user’s foot 320: one under the
big toe 340, one under the left side of the foot 320, one under the right side of the foot 320,
and one under the heel of the foot 320. The sole sensor 314 under the big toe 340 may
control movement of the arm forward, the sole sensor 314 under the left side of the foot 320
may control movement of the arm to the left, the sole sensor 314 on the right side of the foot
320 may control movement of the arm to the right, and the sole sensor 314 under the heel
may control movement of the arm backward.

In alternative embodiments, the sole sensors 314 could be placed under other parts
of the foot 320. For example, referring to FIGS. 10A and 10B, the underside 350 of the

inner sole 336 might have one sole sensor 314 under the ball of the foot 320 and three sole
sensors 314 under the heel of the foot 320.

Regardless of the sensor placement, in operation, the embodiments shown in FIGS.
8-10 operate in a similar fashion. The electronic controller 316 receives input from the sole
sensors 314 and controls the associated device, such as a mouse on a computer screen, a
robot, or a prosthetic limb. Wires 352, shown in FIG. 8A, may connect the sensors 314 to
the electronic controller 316, which may be attached to the shoe. Alternatively, the sensors
314 may be wirelessly connected to the electronic controller 316 by a blue tooth device or
other wireless communication.

In operation, as the user presses down on the sole sensors 314, a pressure or force
pattern of the foot 320 is created, depending on the sole sensor placement. The sole sensors
314 measure the change 1n pressure applied by the user, and relay the pattern to the

electronic controller 316. The electronic controller 316 translates the pattern into movement

of the associated device being controlled in the form of the velocity change or the position

iy

change using an equation, for example, AP=V ..., for velocity change

of AP = X, ve changea fOT pOSition. For example, with the foot controller 310 of the

embodiment of FIGS. 8A and 8B that controls a prosthetic arm, if the user desires to move
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the prosthetic arm up, he might press down on the sole sensor 314 that is below the big toe
340. This creates a pressure pattern that is then relayed to the electronic controller 316 and
translated into an upward movement of the arm. If the user desires to move the prosthetic
arm down, he might press down on the sole sensor 314 under the heel, which creates a
diftferent pressure pattern that 1s relayed to the electronic controller 316 and translated into a
downward movement of the arm.

Although described for exemplary purposes as providing only directional control,
sole sensors 314 may also provide proportional control. For example, with sole sensors 314
that are pressure sensors or force sensors, the amount of pressure or force exerted on them
may be translated into a speed at which the controlled device moves. Referring to FIGS.
8A, 8B and 9, for the foot controller 310 controlling a prosthetic arm, if the user desires to
move the prosthetic arm quickly across the body from left to right, he might heavily press
sole sensor 314 on the right side of inner sole 336. Alternatively, if the user desires to move
the prosthetic arm slowly across the body from left to right, he might lightly press sole
sensor 314 on the right side of inner sole 336. Accordingly, the movement output of the
foot controller 310 may vary depending on the pressure or force applied by the user to the
sole sensors 314, which is dissimilar to sensors that act only as switches, i.e., where no
mater how hard the sensor is pressed, the output movement does not change.

With pressure sensors or force sensors, the user has better kinematic control of the
prosthesis for smoother, less jerky, movements. The user is not limited to two movements
of strictly up and down or left and right, but is rather able to control both the speed and
direction of the movement. Additionally, the user may engage multiple sole sensors 314
stmultaneously to give a combined motion (e.g. up and left). For example, in the
embodiment shown in FIGS. 10A and 10B, the foot controller 310 has three sole sensors
314 under the heel that control the left, right, and backward movement of the prosthetic
arm. As the user rolls the heel across the sole sensors 314 from right to left, the prosthetic
arm will move smoothly 1n a similar sweeping backward movement. Without these sole
sensors 314, the prosthetic arm would first have to move from left to right, stop, and then
move backward, resulting in a choppy motion.

Referning to FIGS. 11A-13, in an alternative embodiment of the foot controller 310,
the foot controller 310 may additionally have top sensors 354 placed on a topside 356 of the
sole 336. This embodiment may have sole sensors 314 on the underside 350 of inner sole
336 as well as the top sensors 354 on the topside 356 of inner sole 336. In such an

embodiment, top sensors 354 may act as discrete switches and may be placed under toes or
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other parts of the foot 320 that will not significantly affect the pressure or force readings of
sensors 314 on the underside 350 of inner sole 336. For example and still referring to FIGS.
1A and 11B, when used to control a prosthetic arm, top sensors 354 act as mode switches,
located on the topside 356 of inner sole 336 under the index toe 342 and little toe 358. The
top sensor 354 under the index toe 342 may be pressed to signal the electronic controller
316 that the foot controller 320 i1s in an arm mode and will be moving the prosthetic arm.
The top sensor 354 under the little toe 358 may then be pressed to switch to a hand grasping
mode, which signals the electronic controller 316 that the foot controller 320 is being used
to change the type of hand grasp. In other applications, such as using the foot controller 320
to drive a cursor on a computer screen, these top sensors 354 might be used to signal as left
and right mouse buttons.

Referring to FIGS. 14 and 15, another alternative embodiment of the foot controller
310 utihzing sole sensors 314, may additionally use shoe sensors 360, which may be placed
above the toes on an inner portion of a roof 337 of footwear 338. In such an embodiment,
shoe sensors 360 may act as discrete switches. For example, in addition to sole sensors 314

on the underside 350 of sole 336, the foot controller 310 may have the top sensor 354 on the

top surface of sole 336 below the big toe 340 and shoe sensors 360 on the inner surface of
the roof of the shoe 338 above the big toe 340 and index toe 342. The top sensor 354 and
shoe sensors 360 may be programmed to switch modes. For example, pressing the big toe
340 up against the shoe sensor 360 may set the electronic controller 316 to arm mode to
control the movement of the entire prosthetic arm. Alternatively, pressing the big toe 340
down against the top sensor 354 may set the electronic controller 316 to a wrist mode to
control only the wrist of the prosthetic arm. In either mode, the sole sensors 314 could then
be used to control the desired movement of the prosthetic. The shoe sensors 360 may also
be used to control other features of a prosthetic, such as opening/closing a hand or acting as
an on/off switch.

Although the foot controller 310 has been shown and described with respect to the
detailed embodiments thereof, it will be understood by those skilled in the art that various
changes 1n form and detail thereof may be made without departing from the spirit and scope
of the invention. For example, the sensors may be attached to the inner lining of a sock or
may be directly attached to a shoe.

Referring to FIGS. 16 and 17, in another alternative embodiment, the control
apparatus 10 may be a shoulder controller including a residuum joystick 434, having a

frame 462 and residuum sensors 414. Referring to FIG. 18, in this embodiment, the
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residuum joystick 434 may be attached to a prosthetic support 464 so that a user’s residuum
(not shown) may extend into the residuum joystick 434. The user may then control the
prosthetic by moving the residuum to activate the residuum sensors 414.

In this embodiment, as shown with four residuum sensors 414, the user may control
the movement of the prosthetic in two degrees of freedom, such as vertical movement and
horizontal movement. Referring to FIG. 19, a residuum 466 extends into the residuum
joystick 434 having residuum sensors 414. As shown, the residuum 466 is not in contact
with the residuum sensors 414, so the prosthetic will remain stationary. As shown in FIG.
20, the user may move the residuum 466 to engage the right residuum sensor 414, signaling
the electronic controller (not shown) to move the prosthetic to the right. Similarly, as
shown in FIG. 21, the user may move the residuum 466 forward and to the left, engaging

two residuum sensors 414 to signal the electronic controller to move the prosthetic up and to
the left.

The residuum sensors 414 may alternatively be used as discrete switches. For
example, one residuum sensor may be used to switch between a mode in which an entire
prosthetic arm is controlled and a mode in which only a hand of the prosthetic arm is
controlled.

Another embodiment uses a control apparatus with kinematic mapping, sensing head
and body movement, to control the prosthetic. The user moves the head and body in
coordination to select a point in space where they desire the prosthetic to move. Head
movement 1S slow, intentional and decoupled from a major function, which makes it ideal
for prosthetic control.

The residuum input may provide physical feedback to a user. Thus, adding to
spatial and other types of feedback a user may experience. Thus, the residuum input may
enhance the control by the user. The residuum input may also be used for proportional
and/or position control.

Referring to FIG. 22, a kinematic mapping controller 510 features three body
sensors 514 1n three locations, the shoulder 528, the head 522, and the waist 526. In this
embodiment, a hat 568 holds one body sensor 514. An alternative embodiment is to mount
the head body sensor 514 above an ear as a wireless unit. One body sensor 514 may be
incorporated 1nto a belt S70 or a pack (not shown) strapped onto the midsection of the user.
In this way, two body sensors 514 are on the body of the user and the other body sensor 514

1s on the head.
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This embodiment uses inertial sensors as body sensors 514. These three body
sensors 514 may be used to detect up to six multiple degrees of freedom. Specifically, the
body sensors 514 may detect head yaw §72, head roll §74, head pitch 576, torso yaw 578,
torso roll 580 and torso pitch 582. Additionally, theses body sensors may detect X, y, and z
plane positioning. These sensors may also act as velocity acceleration gyros,
accelerometers, angular velocity and magnetometers. Although shown as inertial sensors,
the body sensors S14 may also be shape sensors that may detect body flex.

Still referring to F1G. 22, this embodiment of the control apparatus 10 assumes a
tfixed point of rotation at the middle of the prosthetic hand and creates a reference sphere
around the fixed point. User preference determines the location of the fixed point by
allowing the user to zero out the system with specific body input sensed by body sensors
514, such as looking around. Then the user looks at a point, about which the sphere is
created. By choosing where the fixed point of rotation is, the user customizes and orients
the movement path. To select the fixed point and sphere, head 522 rotation specifies an
angle and body lean or shoulder 528 rotation specifies radius.

Although the various embodiments of control apparatus have been described as
separate controllers for simplicity, the embodiments may be used in combination to achieve
the desired prosthetic control. For example, the foot controller may be used in conjunction
with another control system, such as an inertial control system, a shoulder joystick, and/or
an EMG control system.

A control method of the prosthetic arm includes a bulk movement and a finesse
movement. Bulk movement includes movement of the prosthetic arm into the general
vicinity desired by the user, which includes moving the shoulder, elbow, forearm, wrist and
hand of the prosthetic arm, to the location desired. Finesse movement in this embodiment
relates to manipulating an object and specifically relates to operating a prosthetic hand and a
prosthetic wrist. Finesse movement is used to achieve wrist rotation, inflection and grasp,
and to manipulate an object once the prosthetic arm has reached the desired location.

The finesse movement allows the prosthetic hand to grasp or grip an object. A grasp
or grip refers to an orientation of the prosthetic hand’s overall hand pattern. The grip must
be physically activated to hold and manipulate the object.

The current method achieves the grip by using both bulk movement and finesse
movement. The bulk movement allows the user to position the prosthetic arm to a specific

point in a three-dimensional space (x, y, and z components). Once the prosthetic arm has
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reached the desired location, finesse movement allows the user to manipulate the prosthetic
hand and grip the object.

Both bulk and finesse movements are determined using the various control
apparatuses described herein. The user determines a point that they want the prosthetic arm
to reach and relative to a control input, the prosthetic arm moves to that point in space. This
type of bulk movement results in simultaneous degree of freedom movement.

For example, in an embodiment with head control, the head moves and controls one

joint of the prosthetic arm, resulting in one action. The input 1s head movement; the output

1s movement of the prosthetic arm. Similarly, referring back to FIG. 15, in an embodiment
having the foot controller 310, the user may apply pressure with different parts of the foot
320 to sensors 314, to control the bulk movement of the prosthetic arm. The user may then
engage the shoe sensor 360 to switch from bulk movement to finesse movement, and then
use sensors 314 to control the finesse movement of the prosthetic arm. This method allows
the user to alternate between bulk movement and finesse movement.

In one embodiment, the control apparatus 10 controls shoulder deflection and
extension, elbow flexion and extension, and humorous rotation to control the bulk
movement of the prosthetic arm. Additionally, depending on the severity of the
amputation, shoulder abduction and adduction may also be controlled for bulk movement.
Wrist rotation, wrist flexion and extension, and a hand manipulator including the thumb and
finger all combine for finesse movement. In finesse mode, pressure and force sensors
measure the distribution of weight and may be used to detect input specific to the grasp.
The distribution of weight on the foot sensors may deliver specific input allowing the
electronic controller to select the desired grip. Alternatively, the head position may be used
to select the grip.

Although described with regard to a shoulder disarticulation amputee, it should be
understood by those skilled in the art that the control systems and methods described herein
may be adapted to be used for any prosthetic strapped onto the body. For example, for an
elbow joint disarticulation amputee (direct control of just elbow joint) finesse control may
be used for wrist and hand manipulation.

In some embodiments, the electronic controller 16 for the prosthetic arm includes
the following modes: an off mode, a home mode, a bulk mode, a finesse mode, and a hold
mode. Any of the sensors 14 may be programmed for mode selection.

In the home mode, the prosthetic arm is in a preset location, such as by the side of

the user and the prosthetic 1s not receiving any input and is not moving. In the bulk mode,
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the control apparatus 10 controls the bulk movement of the prosthetic arm. In the finesse
mode, the control apparatus 10 controls the finesse movement of the prosthetic arm. The
hold mode 1s a fixed position of the prosthetic arm. The hold position appears as though it
Is not receiving any input, but rather, the last position data is continuously sent to the
prosthetic arm to actively maintain the position.

In an alternative embodiment of the hold mode, a hold command may be sent, rather
than continually sending the same coordinates, freeing the system to do other functions
instead of continuously calculating the last position. This improves the control apparatus by
conserving power.

Referring to FIG. 23, one embodiment of the control method of the control apparatus
10 includes operating the control apparatus in home mode S1, then in bulk mode S2, then in
finesse mode S3, and then in bulk mode S4. This allows the user to move the prosthetic
arm to the desired location, move the prosthetic hand and wrist to manipulate the object as
desired, and then return the arm to home mode.

Reterring to FIG. 24, an additional embodiment may include operating the control
apparatus 10 1n home mode S5, then in bulk mode S6, then in finesse mode S7, then in hold
mode S8, and then in bulk mode S9. This allows a user to move the prosthetic arm to the
desired location and manipulate the object, then the user is able to hold the object in the
desired position before the prosthetic arm is returned to home mode.

Referring to FIG. 25, in these embodiments having sensors 14, a person using the
control apparatus puts the prosthetic arm on and simple setup state procedure is executed to
quickly calibrate the prosthetic arm. State sensors in the prosthetic arm provide position
information to the electronic controller 16 to identify the starting position of the prosthetic
arm S10. The electronic controller 16 then tares the sensors 14 to zero them out, so that
their rotations are in respect to their tarred position S11. The body sensors are then read to
get the user’s perceived Z and Y axis S12. A calibration step is then run where the Z axis is
projected on the normal plane with the Y axis to get the X axis S13. The body sensors are
then read again to identify the coordinates for the home mode S14. Then the control
apparatus 10 is ready to be operated.

Referning to FIG. 26, when the control apparatus 10 is in a deactivated state such as
in home mode or holding mode, prior to enabling movement, the transformation sensors in
the prosthetic arm tare the body sensors to zero out, so that their rotations are in respect to
their tarred position S15. The body sensors are then read to get the user’s perceived Z and

Y axis, and the Z axis 1s projected on the normal plane with the Y axis to get the X axis S16.
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Once the perceived axis are known, the sensors 14 are activated and may be used in bulk
mode or finesse mode. The transformation sensors use the fixed point of the spherical
mapping system and the lengths of each prosthetic arm component to determine when the
arm has achieved the desired point in space.

Referring to FIG. 27, a control method for embodiments using kinematic mapping,
such as that shown in F IG.‘ 22.1s shown. When the sensors have been activated, the sensors
identify the desired coordinates tor the prosthetic arm to move to S17. Once the fixed point
is specified, the electronic controller 16 goes through quadratic equation calculations to find
the best mode of getting the target sphere in three-dimensional space to line up correctly
S18. The electronic controller then goes through dot products to determine the necessary
angles for the shoulder, elbow and humeral prosthetic movement S19. Based on those
calculated angles, the arm i1s moved to reach the target sphere S20. Once the sensors
determine that the target sphere has been reached, the arm movement is stopped S21.

In an alternative embodiment utilizing kinematic mapping, there is a click and go
mode. This In the click and go mode, if the user wants to get to an object, they may look at
a point in space where they want to go, and then engage a sensor that activates the click and
go mode. In this mode: the body sensors determine where the head was looking and where
the body leaned, and coordinates are sent directing the prosthetic to go to that place. Click
and go mode uses the same sensor set for doing bulk movement as finesse movement. Once
the bulk movement begins, the head will control the finesse movement.

In another embodiment, by using accelerometers and body sensors 514, the
electronic controller 16 is able to identify the center of gravity in relation to the body sensor
514 on the shoulder. From that, the electronic controller 16 sending angle commands
knows where the end of arm 1s and knows where the gravity vector with respect to the end
of the arm i1s. Therefore, the controls rotate wrist with respect to the gravity vector to
balance properly.

In an alternate embodiment using body sensors, the user could put the sensor on
only their head, using the sensor to three-dimensionally map the desired movements. This
would decrease the number of sensors required to control the prosthetic.

The control apparatus 10 may control sensitivity of movement 1n that the electronic
controller 16 may vary the degree that sensor input 1s translated to movement output.
Additionally, The sensor input may be required to meet a threshold value before movement

output 1s sent to the prosthetic.
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In an alternative embodiment, there may also be an arm swing mode, allowing the
prosthetic arm to move in harmony with the body while walking. When the user is going to
use the arm, it 1s 1n the home/off position, and swing mode may be activated by engaging a
sensor 14 or by detecting a specific head motion with the body sensor 514.

Switching modes may be accomplished by engaging sensors 14 acting as discrete
switches, by specific body motion such as ticks or head movement, by standard EMG
signals using EMG electrddes, by shoulder or back movements, or by any other similar
switching mechanism that may be programmed into the control apparatus 10.

The sensors 14 may be disposed in various locations for providing body input 18 to
control the movement of the prosthetic device 12, such as in footwear. The control
apparatus 10 may utilize wireless communication between the sensors 14, electronic
controller 16 and prosthetic device 12, simplifying the prosthetic device control apparatus
10 for the user. The sensors 14 may act as discrete switches to control operational modes of
the prosthetic device. The control apparatus 10 may move the prosthetic device 12
proportionally to the body input 18 sensed by the sensors 14. The sensors 14 may be
disposed in a prosthetic support apparatus 464, allowing user to provide body 18 input to

the sensors 14 with the residuum 466.

Each sensor 14 may sense a variety of body input such as pressure and rate of
pressure change. Therefore, body input 18 from one sensor 14 may be translated by the
electronic controller 16 into multiple forms of movement information, such as direction and
speed of movement.

Although the current embodiment targets the shoulder disarticulation amputee, the
current methods and systems may be broken down for use with the trans-humerus and trans-
radial amputees. If there is humeral rotation, the bulk movement is only elbow flexion.
Depending on the user’s degree of amputation, the bulk mode changes or is removed from
the method and apparatus if bulk is not required. Some embodiments will use both bulk and
finesse, other embodiments, just finesse and still other embodiments will use a different
level of bulk along with the finesse mode.

While the principles of the invention have been described herein, it is to be understood
by those skilled in the art that this description is made only by way of example and not as a

limitation. Other embodiments are contemplated in addition to the exemplary embodiments

shown and described herein. Modifications and substitutions by one of ordinary skill in the

art are also contemplated. The scope of the claims should not be limited by the embodiments

set forth in the examples, but should be given the broadest interpretation consistent with
the description as a whole.
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CLAIMS
What 1s claimed is:
1. A prosthetic device control apparatus comprising:

at least one 1nertial sensor adapted to be worn by a user, the at least one inertial
sensor detecting body movements that are indicative of a desired movement of a
prosthetic device; and

a control module in communication with the at least one sensor and receiving at
least one signal based on the detected body movements therefrom, the control module
having a plurality of user selectable control modes, each user selectable control mode
defining a different motion for the prosthetic device, the plurality of user selectable
control modes including at least a bulk control mode for moving the prosthetic device
into a desired position and a finesse control mode for manipulating a prosthetic hand of
the prosthetic device once the prosthetic device is in the desired position;

wherein said control module commands a first plurality of prosthetic actuators to
control shoulder movement, elbow movement and humeral rotation of the prosthetic
device based on the detected body movements indicated by the at least one signal from
the at least one inertial sensor to achieve bulk movement of the prosthetic device when
the bulk control mode has been selected, thereby moving the prosthetic device into the
desired position through a combination of shoulder movement, elbow movement and
humeral rotation of the prosthetic device:

wherein the control module commands a second plurality of prosthetic actuators
that is different than the first plurality of actuators to control wrist movement and hand
movement of the prosthetic device based on a signal from the same at least one 1nertial
sensor used to control the first plurality of actuators to achieve finesse movement of the
prosthetic device when the finesse control mode has been selected, thereby manipulating
the prosthetic hand through a combination of wrist movement and hand movement of the
prosthetic device; and

wherein the at least one inertial sensor detects at least one of X, y or z plane

positioning.
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2. The prosthetic device control apparatus according to claim 1, wherein the at least

one sensor detects movement of a joystick.

3. The prosthetic device control apparatus according to claim 1, wherein the at least

one sensor 1s disposed in footwear.

4, The prosthetic device control apparatus according to claim 1, wherein the at least

one sensor 1s disposed on a bottom surface of a sole of footwear.

5. The prosthetic device control apparatus according to claim 1, wherein the control

module 1s disposed in footwear.

6. The prosthetic device control apparatus according to claim 1, wherein the at least

one sensor 1s disposed on a roof of footwear.

7. The prosthetic device control apparatus according to claim 1, wherein the control

module 1s 1n wireless communication with the at least one sensor.

8. The prosthetic device control apparatus according to claim 1, wherein the control

module is in wireless communication with the prosthetic device.

9. The prosthetic device control apparatus according to claim 1, wherein the
movement information communicated to the prosthetic device is substantially

proportional to the body input detected by the at least one sensor.

10.  The prosthetic device control apparatus according to claim 1, wherein the at least

one sensor is disposed in a prosthetic support apparatus.

11.  The prosthetic device control apparatus according to claim 10, wherein the at least

one sensor receives body input from a residuum.
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12.  The prosthetic device control apparatus according to claim 1, wherein the at least
one sensor 1s a discrete switch.
13. A prosthetic device control apparatus comprising:

a sensor adapted to be worn by a user, the sensor detecting body movement 1n at
least two degrees of freedom; and

an electronic controller that is operably connected to the sensor and receiving at
least one signal based on the detected body movement therefrom, the electronic controller
having a plurality of user selectable control modes, each user selectable control mode
defining a different motion for the prosthetic device, the plurality of user selectable
control modes including at least a bulk control mode for moving the prosthetic device
into a desired position and a finesse control mode for manipulating a prosthetic hand of
the prosthetic device once the prosthetic device is in the desired position, the electronic
controller controlling movement of the prosthetic device in at least two degrees of
freedom based on the at least one signal and based on a selected control mode of the
plurality of user selectable control modes, the movement of the prosthetic device being
proportionate to the body movement detected by the sensor;

wherein the control provided by the electronic controller based upon a given
signal received from the sensor changes between commanding a first plurality of
actuators to control shoulder movement, elbow movement and humeral rotation of the
prosthetic device based on the detected body movement indicated by the given signal
received from the sensor to achieve bulk movement of the prosthetic device when the
bulk control mode has been selected, thereby moving the prosthetic device to the desired
position through a combination of-shoulder movement, elbow movement and humeral
rotation of the prosthetic device, and commanding a second plurality of actuators that is
different than the first plurality of actuators to control wrist movement and hand
movement of the prosthetic device based on a signal from the same sensor used to control
the first plurality of actuators to achieve finesse movement of the prosthetic device when
the finesse control mode has been selected, thereby manipulating the prosthetic hand

through a combination of wrist movement and hand movement of the prosthetic device,
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upon a mode change between the bulk control mode and the finesse control mode of the

plurality of user selectable control modes.

14.  The prosthetic device control apparatus according to claim 13, wherein the

electronic controller is disposed in footwear.

15.  The prosthetic device control apparatus according to claim 13, wherein the

electronic controller is in wireless communication with the at least one sensor.

16.  The prosthetic device control apparatus according to claim 13, wherein the

electronic controller is in wireless communication with the associated device.

17.  The prosthetic device control apparatus according to claim 13, wherein the at least

one sensor is a discrete switch.

18.  The prosthetic device control apparatus according to claim 13, wherein the at least

one sensor 1s disposed on a roof of footwear.



CA 02679585 2009-08-31

PCT/US2008/053191

WO 2008/098059

1/11

[ — [
;;;;; N _. mu_n_
‘ ’
-

OlONPPY/UCONPQY
UOISU8XJ/u0IX3|4
leubig

UOIX3|
:MOQ|3

\ UOiEIoY
\ Uolejoy

"uondNppYy//uonONPQy
‘UOISUaIX3/uoIXs|

'SNIBWNH

‘uoloNppYy/uoRdINPQqY
‘UOISUIX3/uoIXa|

4w S
"""“

19]j0U0D
21U0.J}09|3

Ol

2 10)en)oy
| 10Jenoy

4

18]|043U0D) o11BY1S0Id




CA 02679585 2009-08-31

PCT/US2008/053191

WO 2008/098059

2/11

v Ol

Ocl

9 9¢l B4
‘“‘I«lﬁ. ovl
pEL
w 34"
2EL
02k
¢ 9l
Ol va 1A%
S S << 1Y 9tl
byl - B
8el | | \ vl
0z} OLL



CA 02679585 2009-08-31
WO 2008/098059 PCT/US2008/053191

3/11
6 134
()~
144 ' /134
132
132
146 146
6 FIG. 5B
FIG. 5A
:)’54
144
Yy 94 ’III’ 139
Z /
’ — 148 ?
146 [
_} 114 ’ 146

244

FIG. 7A FIG. 7B



CA 02679585 2009-08-31
WO 2008/098059 PCT/US2008/053191

4/11

320

310

36— ——— — —

314 314 3509 ~314
FIG. 9



CA 02679585 2009-08-31
WO 2008/098059 PCT/US2008/053191

5/11

336

320

356

FIG. 11A FIG. 11B



CA 02679585 2009-08-31
WO 2008/098059 PCT/US2008/053191

6/11
310
354\ 356 o1
- - 50
314 350 314
FIG. 12
342
10— 356 316
—
314 350 314
FIG. 13
310\\
360 337 338
s = _______=
.y _:afe 316
— == — = — -
336 350 314 314



CA 02679585 2009-08-31

WO 2008/098059 PCT/US2008/053191
7/11
320
310
360\‘ 337
342 =5 338
340+ = it 356
354 ke = __
314 350 314 990




CA 02679585 2009-08-31

PCT/US2008/053191

WO 2008/098059

8/11




CA 02679585 2009-08-31
WO 2008/098059 PCT/US2008/053191

o/8

FIG. 22



CA 02679585 2009-08-31

WO 2008/098059 PCT/US2008/053191
S1 10/11 S
S2 S6
Bulk Mode Bulk Mode
S3 S7
S4 S8
Bulk Mode Hold Mode
S9
FIG. 23 Bulk Mode
FIG. 24
R~ S S10
o1 Read State
Sensors Sensors
Z-axis
rotation S192

Setup Y-axis

Read Control
Sensors
State rotation

S13
. Calculate
. : otation Matrix
Calibration Calculate Euler
Angles

)
'y
H

9:&?21] Read Control
Location Sensors

S15 i

Read State|
Sensors Sensors :
S16 :

Enable Read Control
Movement Sensors




CA 02679585 2009-08-31

PCT/US2008/053191

WO 2008/098059

11/11

puBWWO

UOIX3]|
ISUM

1091903

SI0SUDS

Nl siey

l¢ Dld

USLWISAON
o|gesi(]

|01}UO0Y) pesy
FAS

puewwon
UOIeIOH
ISUM

61S |ANO0jaA |uonisod

sa|buy

19|n3 aje|nojed
Xlje| uoljeloy
aye|noje)d

SI0SUSBG
|0JJUOD) pedYy

puewwon
UoISuUaIX3

Mmoq|3

|013U0) [ [01u0)

DUBWIWON
UOIJe}OH
SNJBWNH

“~ 0CS
buiddep

OljeWBUM

LOROW

JUlOd
lOHlMC_OQ:

pUBWIWON
Tz}

19p|NOYS

LOHOWN
.snhonunuo),

31BIS
PAIBAIOY



316

356
350




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

