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Description
BACKGROUND OF THE INVENTION
Technical field

[0001] Thepresentinventionrelatestoauniversalhap-
tic drive system for arm and wrist rehabilitation.

Description of related art

[0002] Upperextremity function is of paramountimpor-
tance to carry out various activities of daily living. Various
neurological diseases, most notably stroke, as well as
orthopaedic conditions result in impaired function of ma-
nipulating various objects by reaching, orienting and
grasping activities. Reaching or approaching toward an
object is done by shoulder and elbow, orienting of and
object is accomplished by wrist, while grasping and re-
leasing of an object is carried out by opening and closing
a hand.

[0003] Afteraninjury or neurological impairment inten-
sive physiotherapy is employed through active-assisted
targeted movement and exercises aiming at restoration
of sensory-motor planning, reduction of spasticity and
preservation of range of motion to facilitate recovery of
the arm and hand functionality. Numerous clinical studies
have shown that a key to successful recovery is a suffi-
cientnumber of repetitions that relate to a practiced task.
Here two basic approaches can be distinguished: com-
plex movement practice that involves reaching, orienting
and grasping activities combined in a single task and
isolated well-defined specific movement training of each
isolated component of upper extremity function. Training
specificity determines also therapy outcome; i.e. reach-
ing exercises activate shoulder and elbow thus resulting
in improvement of transport of the hand toward target
location; movement of forearm and wrist exercises that
serve to orient the hand and provide stability and control
during grasping result in improvement of wrist function,
while grasping and releasing exercises result in improve-
mentof grasping function. The above outlined movement
practice is facilitated by a physiotherapist that employs
verbal communication as well as physical interaction to
guide a trainee to appropriately execute a given task.
[0004] Rehabilitation robotics seems to be particularly
well suited for delivery of mass-practiced movement. It
brings precision, accuracy and repeatability and com-
bined with computer or virtual reality tasks provide stim-
ulating training environment. Impedance control of reha-
bilitation robots enables programmable haptic interaction
with the paretic arm and hand. Such a haptic interaction
is needed toinitiate, guide and halt movement depending
on the activity of the user. It has been demonstrated in
numerous clinical studies that these features of rehabil-
itation robots yield significant rehabilitation results.
[0005] One example of a known rehabilitation device
is disclosed in WO 2005/0743711.

10

15

20

25

30

35

40

45

50

55

[0006] The current state of the art includes haptic ro-
botic solutions that have from one to three haptic degrees
of freedom and were developed for training of the shoul-
der and elbow. Examples are MIT-MANUS described in
US patent 5,466,213 (Hogan et al.), and ARM Guide and
EMUL described in an article by Krebs et al., Robotic
rehabilitation therapy, Wiley encyclopaedia of Biomedi-
cal Engineering, John Wiley & Sons, 2006. Other robotic
solutions were developed for wrist, such as BI-MANU-
TRACK, described by Hesse et al., Upper and lower ex-
tremity robotic devices for rehabilitation and studying mo-
tor control, Current Opinion in Neurology 2003, 16:
705-710 and MIT wrist robot described in the earlier cited
article by Krebs et al. MIT-MANUS is a two-degrees-of-
freedom, SCARA-type, planar impedance controlled ro-
bot that enables practicing of reaching movementin hor-
izontal plane by activating shoulder and elbow. With MIT-
MANUS it is not possible to practice movement along the
vertical axis. EMUL is a three-degrees-of-freedom, PU-
MA type, impedance controlled robot that enables prac-
ticing reaching movement of the arm within the whole
workspace, including the vertical axis. ARM Guide on the
other hand is a single degree-of-freedom impedance
controlled robot that enables movement of the arm
(shoulder and elbow) along the line and can be oriented
in different directions within the 3D workspace to enable
practicing of reaching movement in different parts of a
workspace. BI-MANU-TRACK is a device that offers ac-
tive (motor assisted) or passive training of wrist flex-
ion/extension or (depending on the mechanical configu-
ration of the device) forearm pro/supination following bi-
lateral approach, meaning that the un-impaired side
drives movement of impaired side in a mirror-like or par-
allel fashion. MIT wrist robot is a three-degrees-of-free-
dom device that has three impedance controlled axis that
intersect with all three human wrist degrees-of-freedom
(flexion/extension, abduction/adduction and prona-
tion/supination) enabling simultaneous practicing of wrist
orientation movement. The common denominator for the
above devices is that for exhibiting compliant (impedance
controlled) performance the actuated degrees of free-
dom need to be back-drivable, meaning that the inherent
impedance of actuators must be low. This necessitates
use of direct drive, high torque motors as well as use of
precise position and force sensors. Another drawback of
the known devices is that they provide training environ-
ment for only one component/activity of reaching move-
ment, either reaching movement or wrist movement.

SUMMARY OF THE INVENTION

[0007] Itis an object of the invention to provide a uni-
versal haptic drive system that allows for easy and rapid
transformation of a reaching movement rehabilitation ro-
bot into wrist movement rehabilitation robot.

[0008] Thereto, according to an aspect of the invention
a universal haptic drive system according to independent
claim 1is provided. Favourable embodiments are defined
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in dependent claims 2-15.

[0009] The universal haptic drive system for arm and
wrist rehabilitation according to an aspect of the present
invention comprises a hand accessory, a substantially
vertical handle for carrying the hand accessory, the sub-
stantially vertical handle being movable in a transversal
plane and a haptic actuator system for applying a force
to the substantially vertical handle. The substantially ver-
tical handle comprises a universal joint with locking abil-
ity. When the universaljointis unlocked, it enables move-
ments for wrist rehabilitation, and when the universal joint
is locked it causes a stiff substantially vertical handle en-
abling movements for arm rehabilitation.

[0010] In this way, the universal haptic drive system
can be easily and rapidly transformed from reaching
movement rehabilitation robot into wrist movement reha-
bilitation robot and vice versa, simply by locking and un-
locking the universal joint. Thereto the substantially ver-
tical handle may be provided with a brace.

[0011] Thus, aninexpensive machine is proposed that
enables two haptic degrees of freedom and one passive
un-actuated and gravity balanced degree of freedom that
can be used for arm and wrist movement training de-
pending on the mechanical configuration.

[0012] According to an embodiment of the invention,
the haptic actuator system comprises two wire-based ac-
tuators each applying a force in a direction substantially
perpendicular to the substantially vertical rod in its initial
position, the wire-based actuators each comprising an
electric motor and elastic force transmission means con-
nected in series thereto, for example a linear spring. Ac-
cording to an embodiment, the wire based actuators each
comprise means for sensing a force exercised by a sub-
ject and a position, such as -detection means for detect-
ing the elongation of the linear spring, for example linear
potentiometers. According to a further embodiment the
wire-based actuators further comprise elastic means for
regulating the tension of a recurrent wire, the elastic
means for example being a linear spring. According to a
still further embodiment, the wire-based actuators each
comprise directional pulleys for ensuring smooth running
of the recurrent wire. Furthermore, the wire-based actu-
ators may each further comprises a pulley mounted on
the shaft of the electric motor to wind up a wire connected
to the elastic force transmission means.

[0013] As a result, readily available and inexpensive
DC electric motors with geared trains may be used to
provide adequate force control and haptic behaviour. The
unigue mechanical design of the proposed universalhap-
tic drive system enables deriving information for position
and force applied to the robot end-effecter from measur-
ing the length of the mechanical springs that are placed
between the electric motors and the loading bar or by
using a force sensor or both.

[0014] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention will be better understood and its
numerous objects and advantages will become more ap-
parent to those skilled in the art by reference to the fol-
lowing drawings, in conjunction with the accompanying
specification, in which:

Figure 1 shows the major components of the univer-
sal haptic drive system according to an embodiment
of the present invention.

Figure 2 shows the haptic wire-driven actuators and
the hand accessory thereof.

Figure 3 shows one of the actuators in detail.
Figure 4 shows the actuator mechanism for both di-
rections.

Figure 5 shows the principle of vertical rod move-
ment in a single direction.

Figure 6 shows the principle of vertical rod move-
ment in both directions.

Figure 7 shows how the wires of both actuators are
connected to the vertical rod.

Figure 8 shows the directional pulley of one of the
actuators.

Figure 9 shows the universal haptic drive system
when used for wrist rehabilitation.

Figure 10 shows the universal haptic drive system
when used for arm rehabilitation.

Figure 11 shows the hand accessory fixed to the
vertical handle.

Figure 12 shows how the hand grip position can be
adjusted according to the specified task.

Figure 13 shows the universal joint in an unlocked
and locked state.

In figure 14 the arm movement training is demon-
strated.

In figure 15 the wrist movement training is demon-
strated.

[0016] Throughout the figures like reference numerals
refer to like elements.

DETAILED DESCRIPTION OF THE PRESENT INVEN-
TION

[0017] Referring now to the figures, an exemplary em-
bodiment of universal haptic drive system according to
the invention will be described.

[0018] The proposed universal haptic drive system
consists of the following major components: an alumini-
um frame 1, a haptic actuator system comprising two
hapticwire-driven actuators 2,3 with two electrical motors
with a reduction gear, a substantially vertical handle 4
with a hand accessory 5, an end-effecter weight balance
system 6, a visual display 7, an arm holder 8, where the
subjects 9 put their arm and a chair 10 (a place to sit) as
shown in Figure 1. In the context of the present descrip-
tionthe term "substantially vertical”" should be understood
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to include directions with an up till 20 degrees deviation
with respect to the vertical axis.

[0019] The actuators 2,3 each consist of an electric
motor 2.1,3.1 with gearbox, pulley 2.2,3.2, linear springs
2.3,2.4,3.3,3.4, a directional pulley 2.5, 3.5, a linear po-
tentiometer 2.6,3.6 and wires 2.7, 2.8, 2.9,
2.10,3.7,3.8,3.10. On the shaft of the electrical motors
2.1,3.1 pulleys 2.2,3.2 are mounted to wind up the wires.
The wires 2.10,3.10 fixed to the pulleys 2.2,3.2 are con-
nected via the linear springs 2.3,3.3 to the base of a ver-
ticalrod 1.2. The recurrentwires 2.8,3.8 are lead through
the directional pulleys 2.5,3.5 and linear springs 2.4,3.4
back 2.9 to the pulleys 2.2,3.2.

[0020] The vertical handle 4 is inserted into the vertical
rod 1.2 creating a passive linear joint 4.1 and the vertical
rod 1.2 is inserted into spherical bearing 1.1, enabling
movement in a substantially transversal plane (XZ) with
respect to the vertical handle 4 in its initial position. In
the context of the present description the term "substan-
tially transversal plane" should be understood to include
planes having an up till 20 degrees deviation with respect
to the plane that is perpendicular to the vertical handle
in its initial position.

[0021] The vertical handle 4 contains a 1 Degree of
Freedom (DOF) linear passive joint 4.1, a 2 DOF univer-
sal joint 4.3 with locking ability and a force sensor 4.4
and carries the hand accessory 5. The hand accessory
5consistsofagrip5.1andahand shield 5.2. Itis mounted
to the vertical handle 4 with adjustable screws 5.3,5.4 as
shown in Figure 2 at the right side. The screw 5.3 disables
the rotation of the grip 5.1 from its selected position. It
should be noted that the location of the force sensor 4.4
is one possible example. It could also be placed directly
underneath the hand accessory 5.

[0022] Figure 3 shows one of the actuators. On the
shaft of the electric motor 2.1 with the gearbox a pulley
2.2 is fixed and connected with the vertical rod 1.2 with
wires. The wire 2.7 connected to the base of the vertical
rod 1.2 on one side and linear spring 2.3 on the other
side is fixed to the pulley 2.2 by wire 2.10. The recurrent
wire 2.8 is lead through the directional pulleys 2.5 and
connected to the linear spring 2.4. The other side of the
spring 2.4 is connected with the wire 2.9 that is winded
up to the pulley 2.2. Figure 4 shows the actuator mech-
anisms for both directions. The actuators 2,3 use the se-
ries elastic actuation principle to apply a force to the ver-
tical rod 1.2 and thereby to the vertical handle 4.

[0023] Figure 5A shows the principle of the vertical rod
1.2 movement in a single direction in spherical bearing
1.1. The wire 2.10 lead through the directional pulleys
2.5 is winded up by the electrical motor 2.1 driven pulley
2.2 and causes an extension of the linear spring 2.3 which
is on the other side connected to the vertical rod 1.2 by
the wire 2.7. The consequence is a rotation of the vertical
rod 1.2 in spherical bearing 1.1. The recurrent wire 2.8
tension is regulated by the other linear spring 2.4 and the
recurrent wire 2.9 that is adequately winded off the pulley
2.2. The extension of the linear spring 2.3 is measured

10

15

20

25

30

35

40

45

50

55

by the linear potentiometer 2.6. Figure 5B shows the in-
itial position of the actuator system for single DOF.
[0024] In Figure 6A the initial position of the actuators
2,3 for both directions are shown. Figure 6B shows the
situation when both actuators actively cooperate to en-
able planar movement of the vertical rod 1.2. The wires
2.7,3.7,2.8,3.8 connected to the vertical rod 1.2 are put
together almost in a single point as shown in Figure 7.
The directional pulleys 2.5,3.5 ensure that the recurrent
wires 2.8,3.8 run smoothly irrespective of the vertical rod
1.2 angle as shown in Figures 8A and 8B.

[0025] The vertical handle 4 is inserted into the vertical
rod 1.2 creating a passive linear joint and passive rota-
tionaljointin the connection point4.1. The vertical handle
4 can be adjusted according to the user application (arm,
wrist rehabilitation). The universal joint 4.3 enables 2
DOF movements, which are required for wrist rehabilita-
tion as shown in Figure 9. In this case the arm holder 8
with arm support 8.1 is installed in combination with the
vertical handle 4 weight support 6 to compensate for the
gravity. The arm rehabilitation requires a different setup.
The universal joint 4.3 is locked with the brace 4.2, the
weight support 6 mechanism is holding the vertical han-
dle 4 and the arm holder 8, but no arm support 8.1 is
required. This configuration is shown in Figure 10. At the
top of the vertical handle the hand accessory 5 is mount-
ed. The hand accessory 5 is fixed to the vertical handle
4 with the screw 5.4, see Figure 11. In this figure it is also
shown how the height and the position of the arm holder
8 can be adjusted by different arm support 8.1 setups.
[0026] The hand grip 5.1 position can be adjusted ac-
cording to the task specified. When the hand grip 5.1 is
rotated to the desired configuration, the position can be
locked by tightening the screw 5.3, as shown in Figures
12 Aand 12 B.

[0027] Now a functional description of the universal
haptic drive systemis given. Figure 1 shows the possible
application of the universal haptic drive system for hand
or wrist treatment. According to the application type the
aluminum brace 4.2 unlocks (see Figure 13A) or locks
(see Figure 13B) the universal joint 4.3 on the vertical
handle 4. Tightening the screws on the brace 4.2 causes
a stiff vertical handle 4 suitable for arm rehabilitation.
[0028] In Figure 14 the arm movementtraining (for this
application the universal joint 4.3 is locked) is shown.
The subject 9 holds the arm in initial position asrequested
by the virtual task 7, therefore no haptic information in
terms of force feedback is provided. When the subject
moves the arm backward (Figure 14B) to carry out the
requested task, the universal haptic drive provides ade-
quate force depending on the virtual task 7. The force
applied by the subject is measured by the force sensor
4.4 installed in the vertical handle 4. The weight balance
system 6 compensates for the gravity. In Figure 14C the
subject moves the arm to the left and in Figure 14D up-
ward.

[0029] In Figure 15 the universal joint 4.3 is unlocked,
enabling additional degrees of freedom needed for wrist
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movement training. Figure 15A (left column) shows the
hand grip 5.1 setup for the wrist flexion/extension (Figure
A3)or pronation/supination (Figure A2), while Figure 15B
(right column) shows the hand grip (5.1) setup for wrist
adduction (or ulnar flexion) and abduction (or radial flex-
ion) (Figure B3) or or pronation/supination (Figure B2).
[0030] While the invention has beenillustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments.

[0031] For example, other ways of implementing the
series elastic actuation principle than the one shown in
Figures 3-6 may be envisaged by the skilled person.
[0032] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually differentdependent
claims does not indicate that a combination of these
measured cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. Universal haptic drive system for arm and wrist re-
habilitation, comprising:

- a hand accessory (5) comprising a hand grip
(5.1) which position is adjustable according to a
specified task;

- a substantially vertical handle (4) for carrying
the hand accessory (5), the substantially vertical
handle (4) being movable in a transversal plane;
- awire-based haptic actuator system (2,3) hav-
ing two haptic degrees of freedom for applying
a force to the substantially vertical handle (4);
characterized in that

- the substantially vertical handle (4) comprises
atwo degree of freedom universal joint (4.3) with
locking ability;

- the universal joint (4.3) is located in series with
the haptic actuator system (2,3) between a point
of actuation by a plurality of wires (2.7, 2.8, 3.7,
3.8);

- when the universal joint (4.3) is unlocked, it
enables two degree of freedom actuated move-
ments for wrist rehabilitation, and

-whenthe universal joint (4.3) is locked it causes
a stiff substantially vertical handle (4) enabling
two degree of freedom actuated movements for
arm rehabilitation.
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2. System according to claim 1 wherein the substan-
tially vertical handle comprises a brace (4.2) for lock-
ing and unlocking the universal joint (4.3).

3. System according to claim 1 or 2 wherein the hand
accessory (5) comprises a grip (5.1) that may be
rotated, a hand shield (5.2) and means (5.3) for dis-
abling rotation of the grip from the selected position.

4. System according to any of the preceding claims
wherein the substantially vertical handle is connect-
ed to a substantially vertical rod (1.2) by means of a
linear passive joint(4.1) and inserted into a spherical
bearing (1.1) enabling the movement of the substan-
tially vertical handle in the traversal plane, wherein
the haptic actuator system (2,3) actuates on the sub-
stantially vertical rod (1.2).

5. System according to any of the preceding claims
wherein the haptic actuator system (2,3) uses a se-
ries elastic actuation principle to apply the force.

6. System according to claim 5 wherein the haptic ac-
tuator system comprises a first wire-based actuator
(2) applying a force in a first direction in a substan-
tially transversal plane to the vertical handle in its
initial position, the first wire-based actuator (2) com-
prising an electric motor (2.1) and elastic force trans-
mission means (2.3) connected in series thereto, for
example a linear spring.

7. System according to claim 6 wherein the first wire
based actuator (2) comprises furthermore means
(2.6) for sensing a force exercised by a subject and
aposition, the means for sensing the force preferably
being detection means for detecting the elongation
of the linear spring (2.3), for example a linear poten-
tiometer.

8. System according to claim 6 or 7 wherein the first
wire-based actuator (2) further comprises elastic
means (2.4) for regulating the tension of a recurrent
wire (2.8), the elastic means for example being a
linear spring.

9. System according to claim 8 wherein the first wire-
based actuator (2) further comprises directional pul-
leys (2.5) for ensuring smooth running of the recur-
rent wire (2.8).

10. System according to any of claims 6-9 wherein the
first wire-based actuator (2) further comprises a pul-
ley (2.2) mounted on the shaft of the electric motor
(2.1) towind up awire (2.10) connected to the elastic
force transmission means (2.3).

11. System according to any of claims 6-10 wherein the
haptic actuator system (2,3) comprises a second
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wire-based actuator (2) applying a force in a second
direction substantially perpendicular to the first di-
rection.

12. System according to claim 11 wherein wires
(2.7,2.8,3.7,3.8) of the first (2) and second wire-
based actuator (3) are connected to the vertical rod
in almost a single point.

13. System according to any of the preceding claims
wherein the vertical handle (4) comprises force sens-
ing means (4.4).

14. System according to any of the preceding claims fur-
ther comprising an arm holder (8) and a weight sup-
port (6) connected hereto

15. System according to claim 14 furthermore compris-
ing an arm support (8.1) with different set-ups there-
by adjusting the height of the arm holder (8).

Patentanspriiche

1. Universelles haptisches Antriebssystem fur Arm-
und Handgelenkrehabilitation, umfassend:

- ein Handzubehdr (5) umfassend einen Hand-
griff (5.1), dessen Position anpassbar an eine
spezifische Aufgabe ist;

- einen im Wesentlichen vertikalen Stitzgriff (4)
zum Tragen des Handzubehors (5), wobei der
im Wesentlichen vertikale Griff (4) in einer trans-
versalen Ebene beweglich ist;

- ein drahtgebundenes haptisches Aktuatorsys-
tem (2, 3) mit zwei haptischen Freiheitsgraden
zum Aufbringen einer Kraft auf den im Wesent-
lichen vertikalen Stutzgriff (4);

dadurch gekennzeichnet, dass

- der im Wesentlichen vertikale Stitzgriff (4) ein
zwei Freiheitsgrade aufweisendes Universalge-
lenk (4.3) mit einer Verriegelungsmaoglichkeit
umfasst;

- das Universalgelenk (4.3) in Reihe mit dem
haptischen Aktuatorsystem (2, 3) zwischen ei-
nem Betétigungspunkt mit einer Vielzahl von
Drahten (2.7, 2.8, 3.7, 3.8) ist;

- das Universalgelenk (4.3), wenn es entriegelt
ist, Bewegungen mit zwei Freiheitsgraden zur
Handgelenkrehabilitation ermdglicht, und
-sich, wenn das Universalgelenk (4.3) entriegelt
ist, ein steifer im Wesentlichen vertikaler Griff
(4), der Bewegungen mit zwei Freiheitsgraden
zur Armrehabilitation erméaglicht, ergibt.

2. Antriebssystem nach Anspruch 1, wobei der im We-
sentlichen vertikale Stitzgriff eine Klammer (4.2)
zum Verriegeln und Entriegeln des Universalgelenks
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10.

(4.3) umfasst.

Antriebssystem nach Anspruch 1 oder 2, wobei das
Handzubehdr (5) einen Handgriff (5.1), der drehbar
ist, ein Handschutzschild (5.2) und Mittel (5.3) zum
Sperren der Drehung des Griffs von der ausgewahl-
ten Position umfasst.

Antriebssystem nach einem der vorangehenden An-
spriiche, wobei der im Wesentlichen vertikale Stiitz-
griff mit einer im Wesentlichen vertikalen Stange
(1.2) mittels eines linearen passiven Gelenks (4.1)
verbunden und in ein sphéarisches Lager (1.1) ein-
gesetzt ist, wodurch die Bewegung des im Wesent-
lichen vertikalen Stiitzgriffs inder transversalen Ebe-
ne ermdglicht wird, wobei das haptische Aktuator-
system (2, 3) die im Wesentlichen vertikale Stange
(1.2) betatigt.

Antriebssystem nach einem der vorangehenden An-
spriiche, wobei das haptische Aktuatorsystem (2, 3)
eine Reihe elastischer Betétigungsprinzipien ver-
wendet, um die Kraft aufzubringen.

Antriebssystem nach Anspruch 5, wobei das hapti-
sche Aktuatorsystem einen ersten drahtgebunde-
nen Aktuator (2) umfasst, der eine Kraft in einer ers-
ten Richtung in einerim Wesentlichen transversalen
Ebene auf den vertikalen Stutzgriff in seiner Aus-
gangsstellung aufbringt, wobei der erste drahtge-
bundene Aktuator (2) einen Elektromotor (2.1) und
elastische Kraftlibertragungsmittel (2.3), die in Rei-
he mit diesem verbunden sind, beispielsweise eine
Linearfeder, umfasst.

Antriebssystem nach Anspruch 6, wobei der erste
drahtgebundene Aktuator (2) ferner Mittel (2.6) zum
Erfassen einer Kraft umfasst, die von einer Person
und einer Position ausgelibt wird, wobei die Mittel
zum Erfassen der Kraft vorzugsweise Detektions-
mittel zum Erfassen der Dehnung der Linearfeder
(2.3) sind, beispielsweise ein lineares Potentiome-
ter.

Antriebssystem nach Anspruch 6 oder 7, wobei der
erste drahtgebundene Aktuator (2) weiterhin elasti-
sche Mittel (2.4) zum Regulieren der Spannung ei-
nes zurlicklaufenden Drahts (2.8) umfasst, wobei
daselastische Mittel beispielsweise eine Linearfeder
ist.

Antriebssystem nach Anspruch 8, wobei der erste
drahtgebundene Aktuator (2) ferner Richtrollen (2.5)
umfasst zum Sicherstellen eines ruhigen Laufs des
zuriicklaufenden Drahts (2.8).

Antriebssystem nach einem der Anspriiche 6 - 9,
wobei der erste drahtgebundene Aktuator (2) ferner
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eine Rolle (2.2), die auf der Welle des Elektromotors
(2.1) angebracht ist, zum Aufwickeln eines Drahtes
(2.10), der an die elastischen Kraftibertragungsmit-
tel (2.3) angeschlossen ist, umfasst.

Antriebssystem nach einem der Anspriiche 6 - 10,
wobei das haptische Aktuatorsystem (2, 3) einen
zweiten drahtgebundenen Aktuator (2) zum Aufbrin-
gen einer Kraftin einer zweiten Richtung im Wesent-
lichen senkrecht zu der ersten Richtung umfasst.

Antriebssystem nach Anspruch 11, wobei Drahte
(2.7, 2.8, 3.7, 3.8) des ersten (2) und zweiten draht-
gebundenen Aktuators (3) an der vertikalen Stange
in nahezu einem einzigen Punkt angebracht sind.

Antriebssystem nach einem der vorangehenden An-
spriiche, wobeider vertikale Griff (4) Kraftsensormit-
tel (4.4) umfasst.

Antriebssystem nach einem der vorangehenden An-
spriiche, ferner umfassend einen Armhalter (8) und
eine mit diesem verbunden Gewichtsunterstitzung

().

Antriebssystem nach Anspruch 14, ferner umfas-
send eine Armunterstiitzung (8.1) mit unterschiedli-
chen Aufbauten, wodurch die Héhe des Armhalters
(8) eingestellt wird.

Revendications

1.

Systéme universel d’entrainement haptique pour la
rééducation du bras et du poignet, comprenant :

- un accessoire pour la main (5) comprenant une
poignée (5.1) dont la position est ajustable en
fonction d’une tache spécifiée ;

- un manche sensiblement vertical (4) pour sup-
porter 'accessoire pour la main (5), le manche
sensiblement vertical (4) étant mobile dans un
plan transversal ;

- un systéme d’actionnement haptique cablé (2,
3) présentant deux degrés haptiques de liberté
pour appliquer une force au manche sensible-
ment vertical (4) ; caractérisé en ce que

- le manche sensiblement vertical (4) comprend
un joint de cardan a deux degrés de liberté (4.3)
avec une fonction de verrouillage ;

-le jointde cardan (4.3) estinstallé en série avec
le systéme d’actionnement haptique (2.3) entre
un point d’actionnement par une pluralité de ca-
bles (2.7, 2.8, 3.7, 3.8) ;

-lorsque le joint de cardan (4.3) est déverrouillé,
il permet des mouvements actionnés a deux de-
grésde liberté pour larééducation du poignet, et
- lorsque le joint de cardan (4.3) est verrouillé,
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il améne un manche sensiblement vertical (4)
rigide permettant des mouvements actionnés a
deux degrés de liberté pour la rééducation du
bras.

Systéme selon la revendication 1 dans lequel le
manche sensiblement vertical comprend une bague
(4.2) pour verrouiller et déverrouiller le joint de car-
dan (4.3).

Systéme selon la revendication 1 ou 2, dans lequel
I’accessoire pour la main (5) comprend une poignée
(5.1) qui peut étre tournée, un protége-main (5.2) et
des moyens (5.3) pour désactiver la rotation de la
poignée par rapport a la position sélectionnée.

Systéme selon 'une quelconque des revendications
précédentes, dans lequel le manche sensiblement
vertical est relié a une tige sensiblement verticale
(1.2) au moyen d’un joint passif linéaire (4.1) et in-
séré dans un roulement a rotule (1.1) permettant le
déplacement du manche sensiblement vertical dans
le plan transversal, dans lequel le systéme d’action-
nement haptique (2,3) exerce une action sur la tige
sensiblement verticale (1.2).

Systéme selon 'une quelconque des revendications
précédentes, dans lequel le systeme d’actionne-
ment haptique (2,3) utilise un principe d’actionne-
ment élastique en série pour appliquer la force.

Systéme selonlarevendication 5, dans lequel le sys-
temed’actionnement haptique comprend un premier
actionneur cablé (2) appliquant une force dans une
premiére direction dans un plan sensiblement trans-
versal par rapport au manche vertical dans sa posi-
tion initiale, le premier actionneur cablé (2) compre-
nant un moteur électrique (2.1) et des moyens de
transmission de force élastiques (2.3) connectés en
série a celui-ci, par exemple, un ressort linéaire.

Systéme selon larevendication 6, dans lequel le pre-
mier actionneur cablé (2) comprend en outre des
moyens (2.6) pour détecter une force exercée par
un sujet et une position, les moyens de détection de
|aforce étantde préférence des moyens de détection
permettant de détecter I'allongement du ressort li-
néaire (2.3), par exemple, un potentiomeétre linéaire.

Systéme selon la revendication 6 ou 7, dans lequel
le premier actionneur cablé (2) comprend en outre
des moyens élastiques (2.4) pour régler la tension
d’'un cable récurrent (2.8), les moyens élastiques
étant, par exemple, un ressort linéaire.

Systéme selon larevendication 8, dans lequel le pre-
mier actionneur cablé (2) comprend en outre des
poulies directionnelles (2.5) pour assurer un fonc-
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tionnement régulier du cable récurrent (2.8).

Systéme selon 'une quelcongue des revendications
6 a9, dans lequel le premier actionneur cablé (2)
comprend en outre une poulie (2.2) montée sur I'ar-
bre du moteur électrique (2.1) pour enrouler un cable
(2.10) relié aux moyens de transmission de force
élastiques (2.3).

Systéme selon 'une quelcongue des revendications
6 a 10, dans lequel le systéme d’actionnement hap-
tique (2.3) comprend un second actionneur cablé (2)
appliquant une force dans une seconde direction
sensiblement perpendiculaire a la premiére direc-
tion.

Systéme selon la revendication 11, dans lequel les
cables (2.7, 2.8, 3.7, 3.8) du premier (2) et second
actionneur cablé (3) sont reliés a la tige verticale
quasiment en un seul point.

Systéme selon 'une quelconque des revendications
précédentes, dans lequelle manche vertical (4) com-
prend des moyens de détection de force (4.4).

Systéme selon 'une quelconque des revendications
précédentes, comprenant en outre un support de
bras (8) et un support de masse (6) relié a celui-ci.

Systéme selon la revendication 14, comprenant en
outre un support de bras (8.1) avec différentes con-
figurations, permettant ainsi d’ajuster la hauteur du
support de bras (8).
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