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ABSTRACT

The invention relates to a method for controlling an artificial orthotic or prosthetic knee joint (2),
on which a lower-leg component (3) is arranged and with which a resistance device (5) 1s
associated, the bending resistance (R) of which resistance device is changed in dependence on
sensor data that are determined by means of at least one sensor (11, 12, 31) during the use of the
orthotic or prosthetic knee joint, wherein a Iinear acceleration (ag) of the lower-leg component
(3) is determined, the determined linear acceleration (ar) 1s compared with at least one threshold
value, and, if a threshold value of the linear acceleration (ag) of the lower-leg component (3) 1s

reached, the bending resistance (R) is changed.



10

15

20

25

30

35

CA 02920807 2016-04-12

Method for <controlling an artificial orthotic or

prosthetic knee joint

The invention relates to a method for controlling an
artificial orthotic or prosthetic knee joint, on which
a below-knee component 1s arranged and which 1is
agsigned a resistance device 1n which the flexion
resistance 1s changed 1n accordance with sensor data
that are determined via at least one sensor during the

use of the orthotic or prosthetic knee joint.

Prosthetic or orthotic knee joints replace or support
the function of a natural knee joint. In order to
achieve a maximally optimal functionality of the
artificial knee 7joint, there are many designs on the
market which influence the behavior of the knee joints
during the stance phase and the swing phase.
Mechatronic knee Jjoints are known, 1in which the
movement situations are detected wvia a plurality of
different sensors and the sensor data are used to
control a resistance device via which the flexion
resistance or the extension resistance 1is varied. One
basic problem is that the great wvariety of the possible
movement situations c¢an be encompassed only with

difficulty in simple 1rules. Therefore, 1in order ¢to

control actuators and brakes, so-called state machines
are used, which are highly complex and represent many
different activities. Disadvantages with this are the
long development time and the use of elaborate

components.

EP 1 237 513 Bl relates to a supporting device which
replaces the existence or function of a limb and which
consists of at least two parts, connected to each other
by an artificial joint, and a control device. The
supporting device comprises a sensor, which detects an

inclination angle relative to a line of gravity of a
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part connected to the Jjoint and 1s coupled to the
control device. The control device 1s arranged 1n such

a way that it influences the Joint on the basis of

inclination angle data communicated by the sensor. In
one configuration, the 1nclination angle sensor 1s
arranged as a prosthetic knee joint on a thigh tube; 1in
order to enhance the data situatlion, &a second sensor

can be arranged on the lower leg.

+]

DE 10 2008 027 ©39 Al relates to an orthotic joint for

supporting an anatomical knee 7joint, having an upper
joint part and a lower 3joint part which are connected

to each other 1n an articulated manner. A locking

element for automatically unlocking and 1locking the
orthotic 3joint 1n an arbitrary position is provided,
likewlise an actuation element for the locking element
and a sensor means for detecting relevant information

for the unlocking and locking. An evaluation unit for

evaluating the information acquired, and for forwarding
this 1nformation to a control and/or regulating unit
for the actuation element, 1s likewise present. The
sensor means comprises at least two sensors from the
group 1ncluding 1inclination sensors, rotation angle
Sensors, acceleration sensors oY gyroscopes, for

acquiring i1information describing the movement state

and/or resting state of a person. Two sensors of one

type or one sensor each of different types may be
selected. All the sensors are arranged downward from

the anatomlical joint, in particular knee joint.

There 1s provided a method for controlling an
artificial orthotic or prosthetic knee Jjoint, with
which method a reliable gait pattern can be achieved

with minimal outlay 1n control terms.

CA 2520807 20177-06-23
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In one embodiment there 1s provided a method for
controlling an artificial orthotic or prosthetic knee
joint, on which a below-knee component 1s arranged and
which 1is assigned a resistance device 1n which the
flexion resistance 1s changed in accordance wlith sensor
data that are determined wvia at least one sensor
during the wuse of the orthotic o0or prosthetic Kknee
joint, wherein a linear acceleration of the below-knee
component 1S determined, the determined linear
acceleration 1S compared with at least one
thresheold value, and, 1f a threshold wvalue of the

linear acceleration of the below-knee component 1is

reached, the flexion resistance 1S reduced.
Advantageous embodiments and refinements of the
invention are disclosed 1n the following description

and the figures.

In the method for controlling an artificial orthotic or

prosthetic knee Jjoint on which a below-knee component
1s arranged and which 1s assigned a resistance device
in which the flexion resistance 1s modified in
accordance with sensor data that are determined via at
least one sensor during the use o¢of the orthotic or
prosthetic knee joint, provision is made that a linear

acceleration of the below-knee component is determined,

and, 1f a limit wvalue of a linear acceleration of the

below-knee component 1s not reached, the flexion

resistance 1s changed, 1in particular reduced. With the

proposed method, 1t 1s possible for a knee joint, by
which are understood both orthotic knee joints and also
prosthetic knee jolnts, to be controlled exclusively by
simple sensors, without elaborate and delicate force
measurements having to be carried out. In particular,

the use of DMS applications 1s thereby made redundant.

In a development of the 1nvention, provision is made

that an extended stride position of a prosthesis or

orthosis with a prosthetic or orthotic knee 7joint is

CA 2920807 2017-06-23



10

15

20

25

30

35

CA 02920807 2016-04-12

determined and, when the extended stride position 1s
present, the flexion ©resistance 1s reduced. The
extended stride position 1is present when the knee angle

is 0° or the knee joint is minimally bent, 1.e. has a

flexion angle within a range of +5°. If the extended

stride position is present, it can be assumed that the
user of the knee joint is in the terminal stance phase,

and therefore a reduction in resistance can take place.

In order to detect a terminal stance phase, an absolute
angle of the below-knee component can additionally be
determined, and, if a predefined limit wvalue for the
absolute angle of the below-knee component 1s exceeded,
the flexion resistance can be reduced. From the
inclination angle of the below-knee component with
respect to the vertical, meaningful conclusions can be
drawn concerning the particular phase within a stride,
such that the absolute angle 1s a good indicator of the
change, 1in particular the reduction, of the flexion

resistance.

The absolute angle of the below-knee component can be
determined from an absolute angle of a thigh component
and from a known, e.g. measured, knee angle or can be
measured directly with an inertial angle sensor, which

is secured on the below-knee component.

Moreover, provision can be made that the knee angle 1is
additionally determined via a knee angle sensor, and,
if a limit value for the knee angle is not reached, the
flexion resistance is reduced, since the knee angle 1is
an indicator of the state of extension of the leg or of
the prosthesis and, consequently, of the particular
phase within a step cycle. The knee angle can also be

determined from the inertial angles of the thigh and of

the lower leg.
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If several parameters are avallable, for example the
exceeding of a limit wvalue for the absolute angle of
the below-knee component, the falling below a limit
value for the knee angle and the falling below a limit
value of an acceleration of the below-knee component,
it can be more safely assumed that the flexion
resistance 1is 1intended to be changed, 1n particular
reduced, in order to allow a swing phase to be enabled.
With the proposed method, 1t 1s possible to safely

control a knee joint exclusively via simple sensors.

The majority of microprocessor-controlled prosthetic
and orthotic systems are controlled by measurements of
force and moment being carried out by means of strain
gauges, the decisive aspect for the safety of a knee
joint being the change from a high flexion resistance
in the stance phase to a low flexion resistance during
the swing phase and vice versa. The change-over 1s also
referred to as enablement of the swing phase. In
addition to the calculation of bending moments at the
ankle level or of the knee moment, threshold values of
the values calculated from the strain gauges have to be
exceeded 1in order to enable the swing ©phase.
Furthermore, the enablement of the swing phase often
takes place only after a certain forward inclination,

such that walking with small steps becomes difficult.

In the method according to the invention, the knee
joint 1is controlled exclusively by knee angle sensors
and 1inertial sensors from whose data the necessary
parameters or auxiliary values can be calculated. The
absolute angle of the below-knee component, i.e. the
inclination of the longitudinal extent of the below-
knee component with respect to the vertical, 1is
determined wvia the 1inertial sensor. The absolute angle
must exceed a minimum value 1in order to detect a
forward inclination of the below-knee component, 1i.e.

an inclination in the walking forward direction. Only



10

15

20

25

30

35

CA 02920807 2016-04-12

at a certain angle in forward inclination can it be
assumed that a step in the forward direction 1s to be
taken. The knee angle is determined via a knee angle
sensor. If a 1limit wvalue for a knee angle 1s not
reached, this is a sign that the user is in a terminal
stance phase, such that an enablement of the swing
phase and therefore a reduction of the flexion
resistance are indicated. In addition, the acceleration
of the below-knee component is determined. If an
acceleration limit wvalue 1s not reached, 1t can be
assumed that the foot component, for example the foot
plate or the prosthetic foot, 1s still located on the
ground, and it 1is therefore ascertained that the
patient is in the terminal stance phase of a stride and

the flexion resistance can thus be reduced.

In a development of the invention, provision 1s made
that the knee angle velocity 1is determined, and the
flexion resistance is reduced only when a limit wvalue
for the knee angle velocity is exceeded. A minimum Kknee
angle velocity should be present, since otherwise a
stance situation may arise in which a reduction of the
flexion resistance may be undesired. With the low or
relatively low knee angle velocity, it 1s additionally
ensured that the patient 1s 1n the terminal stance

phase during a forward movement.

An angular velocity of the below-knee component can be
calculated or can be detected via a sensor, for example
from the sensor data of a gyroscope. The calculated or
detected value of the angular velocity is compared with
a limit wvalue, and the flexion resistance 1s reduced

only when the angular velocity 1is below a limit value.

The linear acceleration of the below-knee component 1s
advantageously determined or measured at the sole level
and 1s used as a basis for the control; the

acceleration at the sole level derives from the linear
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accelerations at the position of the acceleration
sensor, for example below the knee joint axis, the
angular acceleration of the below-knee component as a
first-order derivative of a gyroscope signal, and the
location wvector of the position of the acceleration
sensor to the reference position on the foot, for
example on the forefoot. From the linear accelerations
at the sole level, conclusions are drawn concerning the
kinematic contact condition between the foot or foot
part and the ground or concerning the dynamics of the
movement, and 1t 1s possible to determine in which
phase of a stride the patient is 1located. If there is
no linear acceleration or only a very slight 1linear
acceleration, the foot, by which is also understood a
prosthetic foot or a foot part of an orthosis, is still
located 1n the stance phase, of if there is also no
longer any vertical acceleration, the set-down phase is
ended, such that the linear accelerations can be used
to draw conclusions regarding the orientation and
positioning of the leg. For example, the accelerations
can be used to determine corresponding speeds, which

can likewise be suitably used for the control.

In a development of the 1invention, provision is made
that the reduction of the flexion resistance takes
place when there 1s a hyperextension of the below-knee

component, i.e. that the hyperextension is one of those
parameters that are used as controls to c¢hange the
flexion resistance. The knee angle of 0° is assumed if
the below-knee component bears without force on an
extension stop. An 1increase 1in the knee angle 1is
assumed 1if a bending of the knee joint is performed
counter to the walking direction. TIf the knee 1is
hyperextended, the knee angle decreases further, since
1t 1s regarded as a negative knee angle. If the Kknee
joint experiences an extension moment about the knee
axis as a result of forces acting on the joint, for

example wvia the ground reaction force, stump forces or
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hip moments, a hyperextension may occur which, when
detected, can signal that the patient 1s 1in the
terminal stance phase and, therefore, a swing phase
should be enabled.

The knee joint can have an elastic extension stop, for
example in order to prevent the below-knee component
from swinging hard against the stop 1in an extension
movement. The elastic extension stop can be composed of
elastomer bodies, spring elements or the 1like. By
virtue of the elastic extension stop, it is possible to
permit a hyperextension in a small angle range when an
extension moment is applied about the knee axis, and,
when the extension moment ceases, the below-knee
component 1s brought back by the elastic extension stop
to the extended or almost extended position, in which
the knee angle 1s 0°. After the load has been removed,
the joint returns to the extended or almost extended
position. Knowing the spring characteristics of the
extension stop and the negative knee angle, it is
possible to calculate a knee moment acting 1in the
extension direction about the knee joint and, when a
knee moment 1is present in the extension direction, 1i.e.
when the elastic extension stop 1is compressed, to
reduce the flexion resistance. The knee moment is

calculated on the basis of the knee angle and on the

knowledge o©f the spring characteristic, and force
measurement sensors or moment sensors are not needed.
If there is a knee moment in the extension direction,
this 1s a further factor for ascertaining in which
phase of a step the patient is located and whether a
swing phase takes place directly and, accordingly, the

flexion resistance should be reduced.

A rotation direction of the below-knee component can be
calculated or detected via a sensor, for example a
gyroscope. The flexion resistance 1is reduced only if

there 18 a forward rotation of the below-knee
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component, in order to rule out the possibility of the
flexion resistance being undesirably reduced when

walking backward.

Acceleration data of the below-knee component can be
determined via an acceleration sensor in order to be

able to derive or calculate required parameters.

After a reduction of the flexion resistance, the latter
can be increased again, in particular to a stance phase
level or to such a high level that unwanted bending is
not possible or is possible only slowly, if, within a
predefined time interval, no bending of the knee joint
takes place, or 1if, within a flexion angle after
bending, a previously established 1limit value for a
horizontal acceleration is exceeded. This serves to
increase the stability if a swing phase 18
discontinued, i.e. if no complete step cycle can be

performed.

An 1i1llustrative embodiment of the invention 1is
explained in more detail below with reference to the

figures, in which:

Figure 1 shows a schematic representation of a

prosthetic knee joint;

Figure 2 shows a schematic representation of an

extension stop;

Figure 3 shows an example of a control sequence, and

Figure 4 shows a schematic representation of a control

concept.

Figure 1 shows a prosthetic device for patients with a

thigh stump and with no knee joint and lower leg. A

prosthesis socket 1, also designated as the thigh
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component of the prosthesis or as the thigh socket,
serves to receive the stump (not shown). Arranged on
the prosthesis socket 1, there i1s a prosthetic knee
joint 2 which, in the present case, is designed as a
monocentric knee joint, and a below-knee component 3 is
mounted so as to pivot about a pivot axis relative to
the thigh socket 1. A prosthetic foot 4 is arranged at
the distal end of the below-knee component 3. The
prosthetic device is shown in a terminal stance phase,
the prosthetic foot 4 still 1located on the ground.
Arranged 1inside the below-knee component 3 there is a
resistance device 5, which offers resistance to
bending, 1i.e. flexion, and the resistance device 5
likewise serves for variable adjustment of an extension
resistance. The resistance within the resistance device
1s changed via an actuator which, for example, opens or
closes valves oY redirects hydraulic flows.
Alternatively, it 1is 1likewise ©possible that the
actuator changes rheological properties of the
hydraulic fluid in order to change the resistance.
Alternative changes to resistance are possible, for
example the activation of brakes or the conversion of

kinetic energy to electrical energy.

An 1nertial sensor 31 is arranged on the below-knee

component 3 and records the absolute angle o¢ys of the

below-knee component. The inertial sensor 31 measures
the absolute angle ¢y of the below-knee component 3
with respect to the vertical and can be configured as a
2D or 3D magnetic field sensor, a 2D or 3D acceleration
sensor Or as a gyroscope. The absoclute angle @us
increases as the inclination of the below-knee
component 3 1in the forward walking direction increases,
l.e. during a clockwise pivoting about a distal point
of contact with the ground. Moreover, an acceleration
sensor 12 1s arranged on the below-knee component 3 and
can determine a tangential acceleration ar;, 1i.e. an

acceleration tangential to the pivot radius of the
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below-knee component 3, and a radial acceleration ag,
1.e. an acceleration in the direction of the distal
rotation point of the below-knee component 3, of the
knee joint 2. With a corresponding sensor, e.g. a 3D
acceleration sensor, it is also possible to detect the

medial and lateral accelerations 1in addition or to

detect only these accelerations.

Finally, a knee angle sensor 11 is provided via which
the knee angle ¢k can be detected. The knee angle ¢ is
regarded as 1ncreasing positively 1in the flexion
direction from the prolongation of the 1longitudinal
extent of the below-knee component 3; the knee angle ¢k
is 0 when the 1longitudinal extent of the prosthesis
socket 1 1s flush with the axis of the longitudinal
extent of the below-knee component 3. A hyperextension

1s regarded as a negative knee angle ¢k.

The prosthetic knee 3joint 2 c¢can have an elastic
extension stop, which is shown schematically in Figure
2. In addition to the schematic thigh socket 1 and the
schematic below-knee component 3, which are mounted
pivotably on each other about a joint axis, an abutment
10 is arranged on the upper part of the prosthetic knee
joint 2. The abutment 10 is substantially rigid and, in

the extended state as shown in Figure 2, an elastic

stop element 30 bears on the rigid abutment 10. A
slight hyperextension is permitted by the spring design
and, from Kknowledge of the spring rate of the stop
element 30, the knee moment acting in the extension
direction can be calculated from the knee angle ox. Of
course, 1t 1s also possible to arrange the abutment 10

on the below-knee component and to arrange the elastic

stop element on the upper part 1.

To control the enablement of a swing phase, several
parameters can be used, namely the forward inclination

of the below-knee component 3, i.e. a pogitive below-
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knee angle o¢uys ©of the below-knee component 3, a forward
rotation of the lower leg 1n the walking direction,
i.e. an 1ncrease in the absolute angle ¢@uys 0of the below-
knee component 3, an acceleration of the knee joint, in
order in particular to determine the state of movement
of the prosthetic foot 4 at the sole level, and the
knee angle ¢x and a knee angle velocity wg, which can be
calculated from the first time derivative of the Kknee

angle k.

Figure 3 shows a schematic control sequence. In order
to enable a swing phase and to reduce the flexion
resistance R of the resistance device 5, the forward
inclination 1is first determined, i.e. the positive
absolute angle o¢ys of the below-knee component 3

relative to the vertical. If the absolute angle o@yg is

above a set 1limit value, for example 5°, the first
condition for enablement of the swing phase is met. If,
1in addition, a forward rotation in the form of a lower
leg angular velocity wyg 1s detected, it can be assumed
that the lower leg is in movement; a forward rotation
of > 10°/s, for example, can be assumed as limit value.
As soon as these limit values are met or exceeded, a
check 1s made to ascertain whether the knee angle ok
corresponds to a set limit wvalue. In the terminal
stance phase, which 1is adopted before initiation of the
swing phase, the prosthetic knee joint 2 is situated in
an extended or almost extended position, and a
hyperextension can even occur in the case of an elastic
extension stop. If a limit value for the knee angle ¢y,
which is < 5° and can also assume negative wvalues, is
not reached, then a further condition for initiating
the enablement of a swing phase is met. The knee moment
acting 1n the extension direction can be calculated
using the knee angle ¢x and the known data of the spring

device 1n the elastic extension stop.
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In the case of a negative knee angle ¢, i.e. in the
case of hyperextension, a check 1s made to ascertain
how great the knee angle velocity wx 1is. If the latter
is below a limit wvalue, for example below 7°/s, it can
be assumed that there 1is no or only slight knee flexion
and knee dynamic, which is likewise characteristic for
a terminal stance phase. If there is no hyperextension,
a check 1s made to ascertain whether the negative
angular velocity 1s Dbelow a 1limit wvalue, and the
question here is how great is the knee angle velocity
in the flexion direction or extension direction. If the
determined knee angle velocities wx are below the
required limit values, the extent of the acceleration ag
at sole level 1s calculated, which 1is based on the
relative position of the acceleration vector with
respect to the prosthetic foot 4. If the acceleration a;
at sole level 1s below a limit value, for example below
3m/s®, it is to be assumed that the kinematic contact
conditions between the prosthetic foot 4 and the ground
correspond to those of a terminal stance phase and,
consequently, the reduction of the resistance R of the

resistance device 5 can be jnitiated.

For the clear decision between forward heel-toe walking
via the prosthetic foot 4, i.e. a forward stride, and a
rearward swing-through of the prosthesis under the
body, for example in the swing phase o0of a rearward
step, all the steps and gquestions are necessary that
follow the establishment of a forward inclination and
forward rotation of the below-knee component 3. For
this purpose, a hyperextension of the prosthetic knee
joint 2 counter to an elastic extension stop 10, 30 or
a strongly extending movement at a low knee angle ¢ is
needed, which can be measured by the knee angle sensor
11. In addition, the acceleration sensor 12 determines
whether the extension moment about the knee joint is
applied statically or dynamically. In particular, the

linear accelerations of the prosthesis at the sole
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level are <calculated. Assuming that the forward
inclination, i.e. the positive absolute angle opyg, and a
forward rotation of the below-knee component are given,
case distinctions can be made on the basis of
accelerations and knee moments and, on the basis of
these case distinctions, the flexion resistance R is
elther maintained at a high stance-phase flexion 1level

Oor 1s reduced to a swing-phase level.

If there 1s an 1nsufficient extension moment or a
sufficient flexion moment about the prosthetic knee
joint 2, or 1f the knee angle velocity wx is either
extending or the prosthetic knee Jjoint 2 is 1in
hyperextension, there can be no enablement of the swing

phase.

If the prosthetic knee joint experiences an extension
moment about the Kknee axis on account of dynamic
forces, for example on account of the inertial forces
of the prosthetic foot 4 and of the below-knee
component 3, a hyperextension in the knee joint or a
stretching movement c¢an be measured. If the below-knee
component 3 thus moves, this situation corresponds to
that of a pendulum, such that there is no enablement of

a swing phase.

Enablement of a swing phase accordingly takes place
when an extension moment about the knee axis is caused
by static forces, such as ground reaction force, and
stump forces acting on the prosthetic knee joint. 1In
this case, a hyperextension or a greatly stretching
movement of the knee joint is measured, but no or only
slight acceleration ay at sole level. Such a situation
1s characteristic of the terminal stance phase, in
which the prosthesis, loaded in the walking direction,
rolls heel to toe over the foot. In this situation, the

resistance R i1s reduced.



10

15

20

25

30

35

CA 02920807 2016-04-12

- 15 -

The characteristic of the elastic hyperextension, 1in
particular the spring characteristic of the elastic
extension stop, and the threshold values for the Kknee
angle o¢x, the knee angle velocity wx and the admissible
accelerations ar for enablement of a swing phase have to
be chosen such that, on the one hand, a clear
distinction can be made as to whether a swing phase is
enabled and, on the other hand, also a slight
hyperextension 1s achilieved, for example by users with
low body weight and with small steps and slow walking

speeds.

If, for example, within the first 5° of a knee flexion
movement after enablement of the resistance device 5 to
a reduced flexion resistance R, an acceleration ap of a
magnitude above a defined threshold is established, for
example by striking against an obstacle, it is possible
for the flexion resistance R to be immediately switched
back to a high level of stance-phase flexion damping,

in order to avoid unwanted flexion in an emergency.

All of the measured signals of the sensors can be
filtered 1n order to be able to compensate for
measurement inaccuracies. For the acceleration
conditions, asymmetrical 1limit wvalues can be set in

order to be able to perform individual adaptation to

the respective gait situation and movement directions.

The proposed control arrangement does not require
direct measurement of forces, and it is therefore
possible to do without force sgensors that can in some
cases be sensitive and difficult to evaluate. The
sensors used are exclusively knee angle sensors,
inertial angle sensors such as gyroscopes, and
acceleration sensors. The moments about the knee axis,
particularly in the extension direction, can be easily

determined with these sensors, since the parameters of
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an elastic extension stop are detected and used as a

basis for the calculation.

The easily determinable linear and angular
accelerations are used to calculate the state of
movement of the prosthesis, in particular to identify
the state of movement of the prosthetic foot 4. Through
the logical 1linkage o©of forces and moments with
accelerations, 1t 1s possible to distinguish between
static forces and dynamic forces and moments, such that
this distinction permits detection of the walking
pattern. In this way, a distinction can easily be made
as to whether a free swing-through or a terminal stance

phase 1s present.

The control according to the method described moreover
also permits the reliable enablement of the swing phase
even with slow walking speeds, small strides and on
soft ground, for example 1loose sand or snow. The
control 1s 1independent of the patient’s weight and is

able to ensure the patient can safely walk backward.

Figure 4 shows a schematic view of a control concept of
a prosthetic knee joint, the set-up of the prosthesis
corresponding to that of Figure 1. It is also possible

in principle to use the control concept in orthoses,

particularly in what is called a KAFO (knee ankle foot
orthosis). The prosthesis socket 1 or the thigh
component 1is connected to the below-knee component 3
via the prosthetic knee joint 2. The prosthetic foot 4
is arranged at the distal end of the below-knee
component 3. The resistance device 5 is 1likewise
situated inside the below-knee component 3. The elastic
extension stop, which can be arranged in particular
inside the resistance device 5, is shown on the right
next to the schematic representation of the prosthetic
device. The prosthetic device 1is located in the

extended stride position in the terminal stance phase,
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which means that, in the front area of the foot, a
resting and rotating point 6 1is created about which the
prosthetic device rotates. On account of the lever
between the 1longitudinal axis of the below-knee
component 3 and the resting point 6, an extension
moment 1s applied around the knee joint 2, and this has
the effect that the abutment 10, which in this case 1is
movable and part of a hydraulic piston, is pressed
against the stop element 30 in the form of a spring. At
the same time, it is ascertained whether the prosthetic
device has a forward inclination, which is indicated by
the curved arrow. If an absolute angle ¢y is present,
i1.e. an 1inclination to the wvertical in the clockwise
direction in the illustrative embodiment shown, and if
a forward rotation takes place, i.e. an increase of the
absolute angle ¢uys in the forward direction of walking,
wherein the rotation takes place about the distal
resting point 6, further criteria axre given for
determining the instantaneous state and the phase
within a galt cycle or a galit sequence. The extension
moment can be calculated from the spring rate of the
stop element 30 and the knee angle, in this case the

negative knee angle k.

To rule out the possibility of the below-knee component
simply swinging freely about the knee joint 2, the
linear acceleration ar at the contact point 6 1is
determined. If this acceleration is 0 or very low, it
can be assumed that the prosthetic foot 4 and the
resting point 6 have ground contact, such that a
stationary rotation point 1is present at the resting
point 6. The load is virtually static. In the case of a
static load, a forward inclination and forward rotation
and, 1f appropriate, hyperextension, 1f the extension
moment does not exceed a limit wvalue X, the flexion
resistance R of the resistance device 5 1is then
reduced, such that a bending of the prosthetic knee

joint 2 can easlily take place.
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Claims:

A method for controlling an artificial orthotic or

prosthetic knee Jjoint, on which a below-knee
component 1s arranged and which 1s assigned a
resistance device 1n which the flexion resistance
is changed 1n accordance with sensor data that are
determined via at least one sensor during the use
of the orthotic or prosthetic knee 7joint, wherein
a linear acceleration of the below-knee component
1s determined, the determined linear acceleration

1s compared with at 1least one threshold value,

and, 1f a threshold value of the linear
acceleration of the below-knee component 1is

reached, the flexion resistance 1s reduced.

The method as claimed 1n claim 1, characterized 1in

that an extended stride position of a prosthesis
or orthosis with a prosthetic or orthotic knee
jolnt 1s determined, and, when the extended stride
position 1s present, the flexion resistance 1s

reduced.

The method as claimed in claim 1 or 2,

characterized 1n that, 1n order to detect a

terminal stance phase, an absolute angle of the

below-knee component 1s determined, and, 1f a

predefined limit wvalue for the absoclute angle of
the below-knee component 1s exceeded, the flexion

resistance 1s reduced.

The method as clalmed 1in claim 3, characterized 1in
that the absolute angle of the Dbelow-knee

component 1s measured from an absolute angle of a
thigh component and a knee angle or directly with

an 1nertial angle sensor.

2017-06-23
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The method as claimed in any one of claims 1 to 4,

characterized 1in that a knee angle 1s determined

via a Knee angle sensor, and, 1f a predefined

limit value for the knee angle is not reached, the

[ -

"lexion resistance 1s reduced.

The method as claimed in any one of claims 1 to 5,
characterized 1n that a Kknee angle velocity 1s
additionally determined, and the flexion
resistance 1s reduced only when a limit value 1is

exceeded.

The method as claimed in any one of claims 1 to o,
characterized 1n that an angular velocity of the
below-knee component 1s calculated or i1is detected
via a sensor, and the flexion resistance 1is
reduced only when the angular velocity 1s below a

limit value.

The method as claimed in any one of claims 1 to 7,
characterized 1n that the linear acceleration of
the below-knee component at the sole level is used

as a basis for the control.

The method as claimed in any one of claims 1 to 8,

g

characterized 1n that the reduction of the flexion

reslstance takes place when there is a

hyperextension of the below-knee component.

The method as claimed 1n any one of claims 1 to 9,
characterized 1n that the knee Jjoint has an
elastic extension stop, a knee  moment is
calculated via the knee angle and a spring
characteristic of the extension stop 18
calculated, and the flexion resistance 1is reduced

1f a knee moment 1n the extension direction

exceeds a threshold wvalue.

CA 23%20807 2017-06-23
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The method as claimed i1in any one of claims 1 to 10,
characterized 1n that a rotation direction of the
below-knee component 1s calculated or 1s detected
via a sensor, and the flexion resistance 1s

reduced only if there 1s a forward rotation.

The method as claimed in any one of claims 1 to 11,
characterized 1n that acceleration data of the
below—knee component are determined via an

acceleration sensor.

The method as claimed in any one of claims 1 to 11,
characterized 1n that acceleration data of the
below=-knee component are determined via an

lnertial angle sensor.

The method as claimed i1in any one of claims 1 to 13,

characterized 1n that, after a reduction of the

flexion resistance, the latter 1s 1increased again
1f, within a predefined time interval, no bending
of the knee 7joint took place, or if, within an
enclosed knee angle, a limit wvalue for an

acceleration 1s exceeded.

2017-06-213
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