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(57) ABSTRACT 

A training device isolates muscular force direction from force 
magnitude to provide improved feedback to a user over con­
ventional exercise equipment which implicitly conflates 
magnitude and force direction in producing purely kinematic 
feedback. 

24 Claims, 3 Drawing Sheets 
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TRAINING DEVICE FOR MUSCLE 
ACTIVATION PATTERNS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

BACKGROUND OF THE INVENTION 

The present invention relates to a device for training human 
limb motion and in particular to a device that trains a user to 
activate muscles to produce a desired direction of force. 

Strokes, which occur when blood flow to a region of the 
brain is obstructed, are a leading cause of severe long-term 
disability. Studies have shown that while many stroke suffer-

2 
The indication of direction of applied force may be a devia­

tion between the instructed direction and the direction of 
applied force. 

Thus it is one object of at least one embodiment of the 
5 invention to provide the user a simple indication of the user's 

success in controlling force direction. 

10 

Alternatively or in addition, the indication may show an 
absolute direction of applied force alone or together with an 
indication of the instructed direction. 

Thus it is an object of at least one embodiment of the 
invention to provide the user with greater information and 
insight about their application of force to the device. 

The controller may output the indication of the direction of 

15 
applied force via a visual display. 

ers have adequate strength at each joint, for example, for 
walking, the stroke may make it difficult for the sufferer to 20 

coordinate this strength for walking. 

Thus it is an object of at least one embodiment of the 
invention to provide the user with a flexible multi-dimen­
sional display that can depict the multiple dimensions of force 
and target direction. 

The controller may provide instructions to the user to use 
the limb to apply force in the instructed direction. 

Rehabilitation efforts for stroke victims often use conven­
tional exercise equipment to retrain correct limb motion. 
Such exercise equipment, for example, a stationary bicycle, 
provide resistance along a constrained path of movement that 
is intended to approximate a desired path of movement that 
the user is trying to learn. 

Thus it is an object of at least one embodiment of the 
invention to allow automatic training regimes in which the 
controller may prompt the user for certain actions and/or 

25 record the results. 
The instructions to use the limb to apply force in the 

instructed direction may be via a graphic on the visual dis­
play. 

SUMMARY OF THE INVENTION 

The present inventors have recognized that conventional 
exercise equipment may hide basic errors in muscle activation 
patterns and/or promote compensating behaviors by the user 
without addressing the root muscle activation errors. With 

Thus it is an object of at least one embodiment of the 
30 invention to provide a simple method of displaying and/or 

changing the direction of the target force that the user will 

35 
conventional exercise equipment, so long as the force applied 
by the user is not perpendicular to the constrained movement 

practice. 
The controller may further output to the user an indication 

of the direction of applied force via a controlled movement of 
the limb-engaging surface. 

Thus it is an object of at least one embodiment of the 
invention to provide kinematic feedback that may offer a 
more natural conduit for learning about muscle activation. 

The property of movement of the limb-engaging surface 
may be controlled to be a function of a difference between the 
instructed direction and the direction of applied force: for 
example, by controlling resistance to movement or speed of 
movement as a function of the direction of applied force. 

Thus it is an object of at least one embodiment of the 

of the exercise device, movement of the exercise device may 
occur even if the direction of force applied is far from optimal. 
Such devices therefore provide ambiguous and relatively 40 
ineffective feedback to the user with respect to the muscle 
activation pattern the user is trying to learn. Further, because 
force direction errors may be offset by increased force mag­
nitude, that is, pushing harder, such exercise devices may 
promote undesirable compensating behavior. 45 invention to provide through a controller a more sophisticated 

kinematic feedback indicating deviations between an angle of 
applied force and a target angle than can be obtained in 
conventional exercise equipment. 

The present invention provides a training device that 
directly indicates the actual direction of force applied by the 
user to the device so that the user has instant and immediate 
feedback as to the success of a particular muscle activation 
pattern. The direction of the force may be indicated by visual, 
audio, kinematic means, or any combination of the three, so 
long as the actual force direction is revealed as substantially 
distinguishable from force magnitude. 

The invention may include an input means communicating 
50 with the controller for varying the functionofthe difference in 

angle between the instructed direction and the direction of 
applied force used to control movement of the limb-engaging 
surface. 

Specifically then, the present invention provides a training 
device providing a support for a user and a limb-engaging 
surface receiving a limb of the user when the user is supported 

Thus it is another object of at least one embodiment of the 
55 invention to allow gradual adjustment of the training device to 

require increased accuracy in force application to produce a 
training device suitable for different stages of rehabilitation. by the support. A multi-axis force sensor holds the limb­

engaging surface with respect to the user support and com­
municates with a controller to measure a direction of applied 
force to the limb-engaging surface in response to instructions 60 

to the user to use the limb to apply force in an instructed 
direction. The controller outputs to the user an indication of 
the direction of applied force. 

Thus it is one object of at least one embodiment of the 
invention to provide a training system that separates force 65 

direction from force magnitude to provide more immediate 
and accurate feedback to the user. 

The controller may further output an indication of a mag­
nitude of applied force on a limb-engaging surface. 

Thus it is another object of at least one embodiment of the 
invention to provide the user with an indication of force 
magnitude isolated from direction so as to make evident com­
pensating behavior, such as pressing harder in the wrong 
direction, that should be avoided. 

The movement of the limb-engaging surface may be along 
a track whose orientation may be adjustable to indicate the 
instructed direction. 
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Thus it is another object of at least one embodiment of the 
invention to provide a simple and intuitive indication to the 
user as to the instructed direction that does not require spatial 
interpretation of a graphic or the like. 

4 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

The user support may hold the user in a recumbent posi- 5 

Referring now to FIG. 1 in a first embodiment, the training 
device 10 of the present invention may include a user support 
12 providing an adjustable seat 14 supporting a user 16 in a 
recumbent position, the user's legs extending generally along 
a longitudinal axis 18. 

tion. 
Thus it is an object of at least one embodiment of the 

invention to provide a training device that may work with 
users who do not have the strength or coordination to walk. 

The user support alternatively may hold the user in an 
upright position. 

It is thus another object of at least one embodiment of the 
invention to provide a training device that may allow the user 
to adopt a natural orientation for walking. 

The limb engagement surface may be a foot stirrup or a 
hand stirrup. 

It is thus another object of at least one embodiment of the 
invention to provide a system that may work both with arms 
and legs. 

The multi-axis force sensor may detect force in perpen­
dicular axes in a plane, and the plane may be adjustable with 
respect to the user's support. 

The adjustable seat 14 may be attached to a longitudinally 
10 extending track 22 holding a limb support unit 24 near the 

user's feet 26. The adjustable seat 14 and/or limb support unit 
24 may be adjusted in position along the longitudinally 
extending track 22 to allow adjustment for different users 16 

15 

and for different training applications. 
The limb support unit 24 includes a foot stirrup 28 provid-

ing a limb-engaging surface that may receive one of the feet 
26 and that may be optionally adjusted in height and rotation 
about vertical and horizontal axes to provide for the desired 
orientation and position of a center of the stirrup 28 for the 

20 desired training session. The limb support unit 24 may be 
removed and rotated to be used for either or both of the user's 
feet 26. 

It is thus another object of at least one embodiment of the 
invention to provide a simple method of force detection using 25 

conventional force sensors and to provide a system that may 

A visual display 20, such as a flat panel video display, may 
be attached to the track 22 and be supported at eye level for 
viewing by the user 16 while the user 16 is recumbent on the 
seat 14 with one of the user's feet 26 in the stirrup 28. 

be flexibly used for a variety of different muscle activation 
pattern training. 

The center position of the limb-engaging surface may be 
adjustable with respect to the user's support. 

It is thus another object of at least one embodiment of the 
invention to provide a system that may work with a variety of 
different joint angles in the limb. 

Referring now to FIG. 3, the limb support unit 24 may 
include an upwardly extending support plate 30 having a 
lower horizontal flange 32 attaching to the track 22 for 

30 example by a mutually threaded bolt 34 and knob 36 engaging 
a slot or multiple holes in the track 22 to allow adjustment as 
described above. The upwardly extending support plate 30 
may hold along a vertical face, a turntable 40 so that the 

These particular objects and advantages may apply to only 
some embodiments falling within the claims and thus do not 35 

define the scope of the invention. 

turntable 40 may rotate about a horizontal axis 42 with respect 
to the support plate 30 to be locked at arbitrary angles by a 
clamp 43 through the use of clamp knob 47. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a side elevational view of the first embodiment of 40 

A linear track 44 extending along a track axis 46 may be 
attached to the turntable 40 so that rotation of the turntable 40 
rotates the track axis 46 within the plane defined by the 
support plate 30. 

the present invention allowing operation by a recumbent user 
and in which a force-sensing foot stirrup is combined with a 
kinematic feedback actuator to move the user's foot; 

FIG. 2 is a figure similar to that of FIG. 1 showing an 
embodiment for use with a standing user in which the force­
sensing foot stirrup is separated from a kinematic feedback 
actuator that supports and moves the user's torso; 

FIG. 3 is a block diagram of the principle components of 
the present invention showing the combined force-sensing 
foot stirrup and kinematic feedback actuator of FIG. 1 and the 
mechanisms allowing orientation of the track of the kinematic 
feedback device at different angles and different planes of 
operation; 

FIG. 4 is a sample display that may be provided to the user 
showing one method of displaying force direction and mag­
nitude for an actual and instructed force on the stirrup; 

FIG. 5 is a plot of a functional relationship between an 
angle of force and a motion parameter of the kinematic feed­
back device illustrating the present invention's ability to 
change this function as the user's abilities increase; 

FIG. 6 is a fragmentary view of a hand stirrup that may be 
used in place of the foot stirrup of FIG. 1 for use in training 
arm movement; and 

FIG. 7 is a figure similar to that of FIG. 4 showing an 
alternative display in which force and instructed force are 
depicted as vectors and showing a bar chart indicating a 
difference in angle. 

The linear track 44 holds a sliding carriage 48 retained by 
the linear track 44 to slide along axis 46. Movement of the 
carriage 48 on the linear track 44 is under the control of a belt 
50 passing between opposed pulleys 52 and 54 at either end of 

45 the track 44, the belt 50 attached at one point along its length 
to the carriage 48 to move therewith. Pulley 52 may be free 
turning while pulley 54 may be connected to a servomotor 56 
or other similar adjustable control element regulating move­
ment of the belt 50 according to a control signal. The control 

50 element may be an electrical device or, for example, a pneu­
matic or hydraulic actuator and may further be a controllable 
brake or the like. 

The servomotor 56 may include feedback sensors such as a 
position and/or velocity encoder to provide for various 

55 degrees of control feedback loop control as will be under­
stood in the art and as will be described below. Control signals 
to the servomotor 56 and feedback signals are communicated 
to and from the servomotor 56 along lines 74. 

The carriage 48 supports a multi directional force sensor 58 
60 providing four-quadrant force measurements using two per­

pendicular bi-directional linear force sensors, for example 
strain gauges or the like, oriented in the plane of the support 
plate 30 to measure a force vector of arbitrary angle and 
magnitude about a carriage center 60 within the plane of the 

65 support plate 30. 
The foot stirrup 28 is attached to the force sensor 58 to pivot 

about the center 60 or alternatively may be locked at a par-
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ticular angle by conventional means and may include a heel 
cup 62 and a retaining strap (the latter not shown for clarity). 
A force exerted by the user's foot onto the stirrup 28 may thus 

6 
parameter. Normally the kinematic feedback will augment 
the visual feedback of the display 20, the kinematic feedback 
may be used alone as long as angle of applied force can be 
adequately distinguished independently of magnitude to be measured in magnitude and direction by the multi-angle 

force sensor 58 to produce electrical signals along line 72. 5 applied force. 
Referring now to FIG. 2 in an alternative embodiment, the 

user 16 may stand on the track 22 supported by a torso unit 92 
extending upward therefrom and having a belt 94 attached 
that fits around the torso of the user 16 to support the user 16 

Referring still to FIG. 3, a controller 70, for example a 
microprocessor having suitable input/output circuits, receive 
signals from the multi-directional force sensor 58 along line 
72, and may provide control signals to servo motor 56 and 
receives feedback signals along lines 74. 

The visual display 20 may be attached to the controller 70 
together with input/output devices 76 such as a keyboard, 
speakers and the like. During operation of the invention, the 
controller 70 executes a stored program 78 to coordinate 
operation of the various elements that have been described. 

10 in a standing position. An actuator 96 supported by the torso 
unit 92 communicates with the belt 94 to apply kinematic 
feedback to the user 16 through the user's torso instead of the 
user's foot as shown in the embodiment in FIG. 1 such as may 
more accurately represent the effects of misapplication of 

Referring now to FIG. 4, in the first embodiment, the con­
troller 70 receives the signals from the multi-dimensional 
force sensor 58 to deduce a force direction and magnitude of 

15 force by the user 16 during walking. In this embodiment, the 
user adopts a more natural attitude, but the user may require 
greater strength. 

an applied force 80 by the user 16 on the foot stirrup 28. The 
controller 70 operates in real time to plot the applied force 80 
on the visual display 20 as a point on a graph having as its 
vertical axis force magnitude and as its horizontal axis force 
angle. The present inventors recognize that the user under 
rehabilitation or training for muscle activation patterns is 
facing two distinct tasks: 1) to produce a particular magnitude 
of force and 2) a to produce a particular direction of force and 
that most exercise equipment conflates these two dimensions 

The actuator 96 may use a servo motor track system similar 
to that shown in FIG. 3 or similar hydraulic or pneumatic 

20 elements. The foot stirrup 28 in this case is attached to the 
multi-directional force sensor 58 which attaches directly to 
support plate 30 without the intervening track 44. 

Referring now to FIG. 6, in an alternative embodiment, the 
carriage 48 may support a hand stirrup 97 instead of the foot 

of direction and magnitude into a single manifestation, that is, 
movement of the exercise device. Importantly, therefore, the 
feedback to the user 16 provides an unambiguous indication 
of the direction of applied force distinguishable from the 
magnitude of the applied force. 

25 stirrup 28 to be used with a user's hand 98 for training the arm 
muscles. Again the hand stirrup 97 is connected to a multi­
directional force sensor 58 which connects it to the carriage 
48 to provide for a possible kinematic feedback. In this 
embodiment, the height of the hand stirrup 97 with respect to 

30 the track will be increased. The hand stirrup 97 may be used 
in either the embodiments of FIG. 1 or FIG. 2. 

The change in the applied force 80 over time may be stored 
and displayed as a trajectory 82 to provide the user 16 with 
additional information about the applied force exerted by the 35 

user on the stirrup 28. The visual display 20 may also show a 
desired force and magnitude of a target force 84 as a plotted 
point on the same graph highlighted as the terminal point of a 
vertical line of constant angle so as to emphasize the focus on 
producing the desired angle of force as opposed to a particular 40 

magnitude. Target bands 86 of constant angle may be placed 
on either side of the angle line so as to demonstrate to the user 
a desired degree of precision. 

This visual feedback may be augmented or replaced with 
audio feedback, for example, announcing quantitative values 45 

in a synthesized voice produced by the controller 70 and 
output through the speakers of the input/output devices 76 or 
by means of a qualitative tone or the like, all of which may be 
useful for those with impaired vision. 

In addition, the visual and/or audio feedback may be aug- 50 

mented with kinematic feedback in which motion of the car­
riage 48 is controlled according to the deviation between the 
applied force 80 and the instructed or target force 84 in angle. 
As shown in FIG. 5, the controller 70 may implement a 
function 88 relating a given motion parameter (plotted on the 55 

vertical axis of FIG. 5) to an angle difference between applied 
force 80 and target force 84 (plotted on the horizontal axis of 
FIG. 5). In the example shown in FIG. 5, the motion param­
eter of resisting force of movement decreases in magnitude as 
the different of angle in absolute magnitude decreases. The 60 

motion parameter is implemented by feedback control of the 
servo motor 56 and may be flexibly selected from a variety of 
parameters including not only resisting force but position, 
speed, acceleration, and simulated friction or the like. 

As the skill of the user increases, the function 88 may be 65 

changed to a function 90 requiring increased precision of the 
angle of application of force for a given change in the motion 

Referring now to FIG. 7, it will be understood that a variety 
of different visual feedback graphics can be produced includ­
ing, for example, a vector graphic 100 in which the applied 
force 80 and the target force 84 are depicted as arrows having 
a length proportional to magnitude and an angle proportional 
to the angle of the applied force. Alternatively, a difference 
representation 102 may be created in which the difference in 
angle between the applied force 80 and the target force 84 is 
represented, in this case as a bar chart that may range between 
positive and negative values. Audio equivalents of this differ­
ence may also be produced. 

While the present invention is contemplated for use in 
rehabilitation of stroke victims, it may be used for other 
neurological or muscular problems. In addition, the present 
invention may find use in general athletic training to provide 
a method of directing athletes to more efficient muscular 
coordination. It is specifically intended that the present inven­
tion not be limited to the embodiments and illustrations con­
tained herein, but include modified forms of those embodi­
ments including portions of the embodiments and 
combinations of elements of different embodiments as come 
within the scope of the following claims. 

We Claim: 
1. A training apparatus comprising: 
a support for supporting a user; 
a limb-engaging surface receiving a limb of the user when 

the user is supported in the user support; 
a multi-axis force sensor holding the limb engaging surface 

with respect to the user support; and 
a controller communicating with the multi-axis force sen­

sor to measure a direction of applied force over a range 
of different angles applied by the user on the limb­
engaging surface in response to instruction to the user to 
use the limb to apply force in an instructed direction, the 
controller outputting to the user an indication of the 
direction of applied force. 
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2. The apparatus of claim 1 wherein the indication output to 
the user is a difference between the instructed direction and 
the direction of the applied force. 

3. The apparatus of claim 1 wherein the controller outputs 
the indication of the direction of applied force via a visual 
display. 

4. The apparatus of claim 3 wherein the visual display 
shows the instructed direction and the direction of applied 
force. 

5. The apparatus of claim 4 wherein the controller provides 
instruction to use the limb to apply force in an instructed 
direction. 

8 
instructed force direction and of the direction of applied force 
via a controlled movement of the limb-engaging surface. 

13. The apparatus of claim 12 wherein a property of move­
ment of the limb-engaging surface is controlled to be a func-

5 tion of a difference in angle between the instructed direction 
and the direction of applied force. 

14. The apparatus of claim 13 wherein the property is 
resistance to movement. 

15. The apparatus of claim 13 wherein the property is speed 
10 ofmovement. 

6. The apparatus of claim 3 wherein the controller further 
outputs to the user an indication of deviation between the 
instructed direction and of the direction of applied force via a 15 
controlled movement of the limb-engaging surface. 

16. The apparatus of claim 13 further including an input 
means for varying the function of the difference in angle 
between the instructed direction and the direction of applied 
force to increase a required user accuracy. 

17. The apparatus of claim 12 wherein the movement is 
along a track whose orientation is adjusted to indicate the 
instructed direction. 7. The apparatus of claim 6 wherein a property of move­

ment of the limb-engaging surface is controlled to be a func­
tion of a difference between the instructed direction and the 
direction of applied force. 

8. The apparatus of claim 7 wherein the property is resis­
tance to movement. 

20 

18. The apparatus of claim 1 wherein the user support holds 
the user in a recumbent position. 

19. The apparatus of claim 1 wherein the user support holds 
the user in an upright position. 

20. The apparatus of claim 1 wherein the multi-axis force 
sensor detects force in perpendicular axes in a plane. 9. The apparatus of claim 7 wherein the property is speed of 

movement. 
10. The apparatus of claim 7 further including an input 

means communicating with the controller for varying a func­
tion of a difference in angle between the instructed direction 
and the direction of applied force to increase a required user 

21. The apparatus of claim 1 wherein the limb-engaging 
25 surface is a foot stirrup. 

accuracy. 
11. The apparatus of claim 1 wherein the controller further 30 

outputs an indication of a magnitude of applied force on the 
limb-engaging surface. 

12. The apparatus of claim 1 wherein the controller further 
outputs to the user an indication of deviation between the 

22. The apparatus of claim 1 wherein the limb-engaging 
surface is a hand stirrup. 

23. The apparatus of claim 22 wherein an angle of the plane 
with respect to the user support is adjustable. 

24. The apparatus of claim 1 wherein a center position of 
the limb-engaging surface is adjustable with respect to the 
user support. 

* * * * * 
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