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DESCRIPTION
TITLE OF INVENTION

TRAINING APPARATUS

TECHNICAL FIELD
[0001] The present invention relates to a training apparatus equipped with a training rod
driven by a motor, for supporting rehabilitation of upper and/or lower limbs of a patient

according to a predetermined training program.

BACKGROUND ART
[0002] Rehabilitation aimed at motor function recovery of upper and/or lower limbs of a
stroke patient with hemiplegia is usually performed by an occupational therapist or a physical
therapist, and hence there is a limitation in efficient offering of rehabilitation. For instance,
in rehabilitation aimed at motor function recovery of an upper limb, it is mainly required to
repeat as much as possible a correct movement of the paralyzed upper limb passively and
actively in a movement range slightly larger than current range. On the basis of the
rehabilitation for the motor function recovery, the occupational therapist or the physical
therapist teaches the correct movement to the patient and manually applies a load on the
upper limb of the patient so as to induce an active movement.

In this rehabilitation, the number of repetition is limited due to exhaustion of the
therapist. In addition, there may be a difference of medical quality of the rehabilitation

depending on experience of the therapist. Accordingly, in order to support the training by



10

15

20

the therapist, to eliminate the limitation due to exhaustion, and to equalize the medical quality
as much as possible, there is known a training apparatus as described in Patent Citation 1, for
example, which supports rehabilitation of a patient with a disabled limb such as an arm.
The apparatus is disclosed as an upper limb training apparatus including a fixed frame that
can be placed on a floor, a movable frame supported by the fixed frame so as to be capable of
tilting in all directions, and an training rod attached to the movable frame in an

expandable/contractible manner so as to be operated by a person who undergoes the training.

PRIOR ART CITATIONS
PATENT CITATION
[0003]

Patent Citation 1: PCT publication No. 2012/117488

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] The training apparatus as disclosed in Patent Citation 1, mainly in a case where a
person who undergoes a training trains a limb, for example, an upper limb in accordance with
a training program, monitors whether or not the movement of the upper limb to be trained is
following the movement of the training rod, and teaches the movement of the training rod to
the user of the training apparatus, as necessary, on the basis of visual or auditory information.
In this case, the conventional training apparatus evaluates whether or not the movement of

the upper limb to be trained is following the movement of the training rod instructed by the
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training program, by a calculation operation inside the apparatus, for example, on the basis of
only a level of difference (a position difference) between an angle to tilt the training rod
instructed by the training program and an actual tilt angle of the training rod. However, by
only this evaluation method based on a level of position difference, a rapid position
difference generated in a short period cannot be distinguished from a slowly and gradually
changing position difference. In addition, because the conventional training apparatus
cannot distinguish the two types of position differences described above, the user of the
apparatus cannot determine which factor causes the position difference. Accordingly, the
user of the conventional training apparatus may not undergo appropriate training program.
[0005] In addition, the training apparatus is required to have a function of monitoring the
position difference as well as a load amount necessary for the training rod to move the upper
limb, in order to appropriately grasp a load on the patient during the training and to feedback
the load to the training. However, because the level of the position difference is the
difference between the instructed angle to tilt and the actual tilt angle, it is difficult to
correctly monitor the load amount on the basis of only a measured value thereof, and hence it
is necessary to monitor on the basis of another indicator.

[0006] It is an object of the present invention to provide a training apparatus for
rehabilitation support, which correctly monitors a temporal change difference of position
difference and a load amount necessary for the training rod to move the limb to be trained at

the same time, so as to appropriately control the training rod.

TECHNICAL SOLUTION
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[0007] As means for solving the problem, a plurality of embodiments are described below.
These embodiments can be arbitrarily combined as necessary.

A training apparatus according to an aspect of the present invention is a training
apparatus for training upper and/or lower limbs of a user in accordance with a predetermined
training program. The training apparatus includes a fixed frame, a training rod, a motor, a
rotation information detection sensor, a tilt angle calculation unit, a feedback current
detection unit, a position difference calculation unit, and a determination unit. The fixed
frame is placed on or in the vicinity of a floor. The training rod is supported by the fixed
frame in a manner capable of tilting about a predetermined tilting axis with at least one
degree of freedom. Further, the training rod holds a limb. The motor tilts the training rod
about the tilting axis. The rotation information detection sensor outputs an amount of
rotation of the motor. The tilt angle calculation unit calculates a tilt angle of the training rod
on the basis of the amount of rotation of the motor. The feedback current detection unit
detects a feedback current of the motor. The position difference calculation unit calculates a
position difference every time when a predetermined first time period elapses. Here, the
position difference is a difference between an actual tilt angle of the training rod and an
instructed tilt angle of the training rod instructed by the training program. The
determination unit determines an error when the position difference during the first time
period is a predetermined first threshold or higher, or when the feedback current is kept a first
current or higher for a predetermined second time period or longer.

[0008] In this training apparatus, when the motor controls the training rod, the position

difference calculation unit calculates the position difference every first time period. Further,
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when the position difference during the first time period becomes the first threshold or higher,
the determination unit determines that a malfunction has occurred in the training apparatus or
that the position difference has rapidly changed in a short period, so as to detect an error.

On the other hand, when the motor controls the training rod, the feedback current
detection unit monitors the feedback current supplied to the motor. Further, when feedback
current is kept the first current or higher for the second time period or longer, so as to detect
an error, the determination unit determines that a malfunction has occurred in the training
apparatus or that a slow position difference change has continued for long period.

[0009] In this way, this training apparatus monitors a position difference change per the first
time period. Accordingly, the determination unit can determine a position difference that
has rapidly changed in a short period with reference to the first time period, if the position
difference change in the first time period is large. Then, the determination unit can detect an
error when the rapid position difference change has occurred.

[0010] In addition, the training apparatus monitors the feedback current input to the motor,
and hence can monitor a torque necessary for the motor to tilt the training rod.

Further, the training apparatus controls the training rod at the tilt angle instructed by
the training program, and hence the feedback current changes in accordance with a level of
the position difference change. Accordingly, on the basis of the feedback current value and
the predetermined determination time period, it is possible to monitor whether a slow
position difference change is generated or a rapid position difference change is generated.

In addition, when the feedback current is kept the first current value or higher for the

second time period or longer, the determination unit determines that an error has occurred.
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In this way, if the position difference is within a constant range in the determination time
period, i.e., if the motor (the training rod) does not apply an excessive load on the limb of the
patient, or if the position difference is slowly changed (if the limb of the patient is following
the movement of the training rod to a certain extent so that the training can be continued), it
is possible to control the training apparatus to continue the training until the second time
period elapses.

[0011] The training rod may expand and contract in a longitudinal axis direction. Here,
the longitudinal axis direction means a longitudinal direction of the training rod. If the
training rod is capable of expanding and contracting in the longitudinal axis direction, it is
possible to carry out training of an upper limb or a lower limb in the longitudinal direction of
the training rod.

[0012] The training apparatus may further include an information providing unit. The
information providing unit provides the users including a patient, a training aid and a health
care worker with visual or auditory information when the determination unit determines an
error.

In this way, it is possible to notify the patient and the user of the training apparatus
about a status of the training apparatus, i.e., that an error has occurred in the training
apparatus, and/or about a cause of the error.

[0013] The information providing unit may provide the user with information when the user
has moved the training rod to reach a preset passing point in a training route set by the
training program. In this way, the user can know that the training rod has been moved just

in accordance with the training program. In addition, because the user is provided with the
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visual or auditory information when the user has moved the training rod to reach the preset
passing point, the patient can maintain a motivation to continue the training.

[0014] When an error is determined by the determination unit, rotation of the motor may be
stopped. In this way, when an error has occurred, the training apparatus can be surely
stopped.

[0015] The training apparatus may further include a feedback current limiting unit. The
feedback current limiting unit limits the feedback current of the motor to an appropriately
preset second current value when the determination unit determines an error.

In this way, when an error has occurred in the training apparatus, an output torque of

the motor can be limited. As a result, the training rod can be controlled so as to carry out
the rehabilitation without applying an excessive load on the patient during the training.
[0016] The second current value may be calculated by multiplying a rated current of the
motor by a predetermined number smaller than one. In this way, it is possible to prevent the
rated current from being supplied to the motor for a long period. As a result, the training
rod can be controlled without applying an excessive load on the patient.

In addition, it is possible to avoid that an excessive electric load is applied on a
control unit of the training apparatus.

[0017] The training apparatus may further includes an accumulated time measuring unit.
The accumulated time measuring unit measures an accumulated time when the position
difference during the first time period is a second threshold or higher and lower than the first
threshold. The second threshold is less than the first threshold. In this case, the

determination unit may determine an error when the accumulated time is a predetermined
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third time period or longer.

Because the accumulated time measuring unit measures the time period when the

position difference generated during the first time period is the second threshold or higher
and lower than the first threshold, it is possible to measure the time period while a slow
position difference change continues (the accumulated time). In addition, because the
determination unit determines an error when the accumulated time is the predetermined third
time period or longer, the training can be continues for the slow position difference change
until the third time period elapses. The second threshold is a threshold for determining that
an excessive load is not applied on the limb of the patient. Therefore, an error occurred in
this case can be appropriately used to cope with a difficulty level of the training program is so
high that the patient cannot carry out the training program, or a prediction of a potential slow
breakdown of a component in the apparatus. On the basis of this determination, the patient
can carry out an appropriate training program in accordance with a symptom.
[0018] The training apparatus may further include an instruction generation unit and a
motor drive unit. The instruction generation unit generates a speed instruction for
controlling a speed of the motor in accordance with the training program. The motor drive
unit drives the motor in accordance with the speed instruction. In addition, the speed
instruction may include at least one of an acceleration instruction for accelerating the motor
and a deceleration instruction for decelerating the motor.  Further, the motor drive unit may
drive the motor so that the position difference is accumulated and maintained when the
acceleration instruction is executed.

When the motor is driven by using the speed instruction including at least the
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acceleration instruction or the deceleration instruction generated by the instruction generation
unit, the motor can smoothly operate in accordance with the training program and a patient's
operation. As a result, the patient can operate the training rod as intended.

In addition, when the motor drive unit drives the motor so that the position

difference is accumulated and maintained when the acceleration instruction is executed, even
if a position difference occurs in start and stop of the training rod by the patient, when
executing the acceleration instruction that is apt to cause a position difference in a short
period, in particular, the patient can continue the training using the training apparatus. In
addition, because the position difference is accumulated and maintained, a state of the limb of
the patient during the training can be detected on the basis of an accumulated amount of the
position difference.
[0019] The speed instruction may further include a constant speed instruction. The
constant speed instruction is an instruction for rotating the motor at a constant speed. In
addition, the constant speed instruction is disposed before or after the acceleration instruction
or the deceleration instruction. In addition, the motor drive unit may drive the motor so that
the position difference is accumulated and maintained when the constant speed instruction is
executed.

Because the speed instruction further includes the constant speed instruction, the
motor can smoothly operate at a constant speed on the basis of the feedback current value
even if the training rod operates with a large tilt angle. In addition, because the motor is
driven so that the position difference is accumulated and maintained when the constant speed

instruction is executed, the patient can continue the training using the training apparatus even
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if the training rod operates with a large tilt angle, for example, in which a relatively large
motor torque is required, and a position difference is apt to occur.

[0020] The motor drive unit may drive the motor so as to follow only the speed instruction
when the acceleration instruction and/or the constant speed instruction are executed. In this
way, when the acceleration instruction is executed and/or when the constant speed instruction
IS executed, the motor can be driven regardless of the position difference. As a result, the
patient can continue the training using the training apparatus even if the training rod operates
with a large tilt angle, for example, in which a relatively large motor torque is required, and a
position difference is apt to occur.

[0021] The instruction generation unit may further generate a position instruction for
controlling the tilt angle of the training rod in accordance with the training program. In
addition, the motor drive unit may drive the motor so as to follow the speed instruction and
the position instruction when the deceleration instruction is executed.

In this way, the motor drive unit can control the motor so that the training rod can
reach a target tilt angle instructed by the training program with a difference as small as
possible. As a result, also when position information of the training rod is fed back as visual
information to the patient, this position information can be appropriately used.

[0022] The motor drive unit may reset the accumulated position difference when the tilt
angle of the training rod reaches a deceleration start position. Here, the reset of the
accumulated position difference means to set the accumulated and maintained position
difference to zero. In this way, when decelerating, it is possible to prevent an excessive

increase of a motor speed based on the position instruction. As a result, the patient can
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carry out the training using the training apparatus.

ADVANTAGEOUS EFFECTS

[0023] Because the temporal change difference of the position difference and the load
amount necessary for the training rod to move the upper or lower limb can be correctly
monitored, the apparatus can provide the patient with an appropriate rehabilitation. In
addition, because the training rod can be appropriately controlled on the basis of the monitor
information, an appropriate training program can be provided in accordance with a state of

the patient.

BRIEF DESCRIPTION OF DRAWINGS
[0024] Fig. 1is a diagram schematically illustrating a training apparatus.

Fig. 2 is a diagram illustrating an overall structure of a control unit and a training rod
tilt mechanism.

Fig. 3 is a diagram illustrating a structure of a training rod.

Fig. 4 is a diagram illustrating an overall structure of the control unit.

Fig. 5A is a graph illustrating a triangular speed locus type speed instruction on a
time-speed coordinate plane.

Fig. 5B is a graph illustrating a trapezoidal speed locus type speed instruction on a
time-speed coordinate plane.

Fig. 6 is a graph illustrating a position instruction on a time-tilt angle coordinate

plane.
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Fig. 7Ais a diagram illustrating a basic structure of a motor control unit.

Fig. 7B is a diagram illustrating a structure of the motor control unit including an
accumulated time measuring unit.

Fig. 7C is a diagram illustrating a structure of the motor control unit including the
accumulated time measuring unit and a feedback current limiting unit.

Fig. 8 is a diagram illustrating a structure of a motor drive unit.

Fig. 9 is a flowchart illustrating a basic operation of the training apparatus.

Fig. 10 is a flowchart illustrating a method of controlling a motor.

Fig. 11 is a graph schematically illustrating a manner of checking whether or not a
tilt angle of the training rod is a tilt angle at which a deceleration instruction should be
executed.

Fig. 12 is a graph schematically illustrating an accumulated and maintained position
difference.

Fig. 13 is a flowchart illustrating a position difference excessiveness determination
method.

Fig. 14 is a flowchart illustrating an excessive load duration detection method using
a feedback current value.

Fig. 15 is a graph schematically illustrating a relationship between an actual rotation
speed of the motor and the speed instruction, and a temporal change of the feedback current
due to occurrence of a speed difference.

Fig. 16 is a graph illustrating a temporal change of the feedback current when a

speed change with a large speed difference has occurred during a long period.
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Fig. 17 is a flowchart illustrating an excessive load duration detection method using
the position difference.

Fig. 18 is a graph illustrating a relationship between an actual tilt angle of the
training rod and the instructed tilt angle indicated in the position instruction when the speed

change as illustrated in Fig. 15 occurs.

DESCRIPTION OF EMBODIMENTS
[0025] 1. First embodiment

(1) Overall structure of training apparatus

An overall structure of a training apparatus 100 according to a first embodiment is
described with reference to Fig. 1. Fig. 1 is a diagram schematically illustrating the training
apparatus 100. The training apparatus 100 is a training apparatus for carrying out training
aimed at motor function recovery of a limb of a patient in accordance with a predetermined
training program.

The training apparatus 100 includes mainly a fixed frame 1, a training rod 3, and a
training instruction unit 5. The fixed frame 1 is placed on or in the vicinity of a floor on
which the training apparatus 100 is installed. In addition, the fixed frame 1 constitutes a
main body casing of the training apparatus 100. The training rod 3 is attached to the fixed
frame 1 via a training rod tilt mechanism 13 (Fig. 2) disposed inside the fixed frame 1. Asa
result, the training rod 3 can be tilted by the training rod tilt mechanism 13 with at least one
degree of freedom in an X-axis direction parallel to a longitudinal direction of the fixed frame

1 and in a Y-axis direction parallel to a width direction of the fixed frame 1 (Figs. 1 and 2).
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In addition, the training rod 3 may include an expansion/contraction mechanism (Fig. 3)
inside for expanding and contracting the training rod 3 in a longitudinal axis direction. In
this case, the training rod 3 can also expand and contract in the longitudinal direction of the
training rod 3, and hence the training rod 3 can move with at least 2 degrees of freedom or 3
degrees of freedom in cooperation with the training rod tilt mechanism.

[0026] In addition, the training rod 3 includes a limb support member 31 (described later)
disposed on an upper end portion of the training rod 3. When the limb of the patient is
supported by the limb support member 31, the training rod 3 can move the limb of the patient.
Alternatively, the patient can move the training rod 3 by himself/herself.

[0027] The training instruction unit 5 is fixed to the fixed frame 1 via a fixing member 7.
The training instruction unit 5 executes a preset training program and transmits a training rod
operation instruction to a control unit 11 (Fig. 2), for operating the training rod 3, as
necessary. In addition, the training instruction unit 5 provides a training route and an actual
training movement of the limb of the patient as visual or auditory information by the preset
training program. In this way, the patient can carry out the training of the limb while
feeding back the training movement set by the training program and the actual movement.
[0028] In addition, the training instruction unit 5 provides visual or auditory information for
notifying the user that an error has occurred when a determination unit 1134 (Figs. 7A to 7C)
determines an error. In this way, the user can be notified about a status of the training
apparatus 100, i.e., that an error has occurred, and/or about a cause or the like of the error.
[0029] Further, when the patient has moved the training rod 3 to reach a preset passing

point (may also referred to as a target tilt angle) in the training route set by the training
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program, the training instruction unit 5 provides visual information and/or auditory
information for notifying the user that the training program is accomplished. In this way,
the user can know that the training rod 3 has been operated just in accordance with the
training program. In addition, because the user is notified that the patient has moved the
training rod 3 to reach the preset passing point by the visual or auditory information, the
patient can maintain a motivation to continue the training.

[0030] As the training instruction unit 5, an integrated computer system can be used, which
includes a display device such as a liquid crystal display, a central processing unit (CPU), a
storage device such as a random access memory (RAM), a read only memory (ROM), a hard
disk and a solid state drive (SSD), and an input device such as a touch panel as necessary.
In addition, the training instruction unit 5 may be constituted of a separate display device and
other computer system. In this case, only the display device is fixed to the fixed frame 1 via
the fixing member 7.

[0031] The training program executed by the training instruction unit 5 has five training
modes, for example, including (i) a guided mode, (ii) an initiated mode, (iii) a step initiated
mode, (iv) a follow assist mode, and (v) a free mode. The guided mode is a training mode
in which the training rod 3 moves the limb in a predetermined direction at a constant speed
regardless of a movement of the limb of the patient. The initiated mode is a training mode
in which the training rod 3 moves the limb of the patient in a direction of the predetermined
training route at a constant speed when detecting a force that the patient intends to move the
training rod 3 by the limb in a correct direction at an initial movement position with respect

to the training route preset by the training program (also referred to as a force sensing trigger).
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The step initiated mode is a training mode in which the training rod 3 moves the limb of the
patient by a constant distance in the training route when detecting the force sensing trigger at
a predetermined point in the training route of the training rod 3. The follow assist mode is a
training mode in which the force sensing trigger is detected every predetermined period, and
a speed of the training rod 3 is changed in accordance with a level of the detected force
sensing trigger.  The free mode is a training mode in which the training rod 3 is moved so as
to follow a movement of the limb of the patient.
[0032] In addition, the training apparatus 100 may further include a chair 9 for the patient to
sit during the training. The chair 9 is connected to the fixed frame 1 via the chair
connecting member 91, and hence stability of the training apparatus 100 can be secured. In
addition, because the chair connecting member 91 is reproducibly fixed, the patient can carry
out the training every time at the same position.
[0033] (2) Structure of control unit and training rod tilt mechanism

I. Overall structure

Next, an overall structure of the control unit 11 and the training rod tilt mechanism
13 is described with reference to Fig. 2. Fig. 2 is a diagram illustrating an overall structure
of the control unit 11 and the training rod tilt mechanism 13 disposed in the fixed frame 1.

The control unit 11 and the training rod tilt mechanism 13 are disposed in the fixed
frame 1. The control unit 11 is connected to the training instruction unit 5 in a manner
capable of transmitting and receiving signals. The control unit 11 receives the training rod
operation instruction transmitted from the training instruction unit 5.  In addition, the control

unit 11 is electrically connected to an X-axis direction tilt motor 135b (described later), a
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Y-axis direction tilt motor 135a (described later), and an expansion/contraction motor 359
(Fig. 3). Accordingly, the control unit 11 drives the above-mentioned three motors on the
basis of the training rod operation instruction. Note that structure and operation of the
control unit 11 will be described later in detail.

The training rod tilt mechanism 13 is attached to the fixed frame 1 in a manner
capable of tilting via training rod tilt mechanism fixing members 15a and 15b fixed to the
fixed frame 1. In this way, the training rod tilt mechanism 13 can tilt the training rod 3 in
the X-axis direction and in the Y-axis direction (with 2 degrees of freedom). Hereinafter, a
structure of the training rod tilt mechanism 13 is described in detail.

Note that the training rod tilt mechanism 13 may be configured to tilt the training
rod 3 only in the X-axis direction or in the Y-axis direction (with one degree of freedom).
Alternatively, the training rod tilt mechanism 13 may be selectable whether to tilt the training
rod 3 with one degree of freedom or with 2 degrees of freedom.

[0034] II. Structure of training rod tilt mechanism

Here, a structure of the training rod tilt mechanism 13 of this embodiment is
described with reference to Fig. 2. The training rod tilt mechanism 13 tilts the training rod 3
in the X-axis direction and in the Y-axis direction by a "gimbal" mechanism that moves two
axes. In addition, the training rod tilt mechanism 13 of this embodiment can also tilt
simultaneously both in the X-axis direction and in the Y-axis direction (i.e., in a diagonal
direction). Here, the X-axis direction is a horizontal direction parallel to the longitudinal
direction of the fixed frame 1 in Fig. 2. The Y-axis direction is a horizontal direction

parallel to the width direction of the fixed frame 1 in Fig. 2.
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The training rod tilt mechanism 13 includes an X-axis direction tilt member 131 and
a Y-axis direction tilt member 133, as well as the X-axis direction tilt motor 135b and the
Y-axis direction tilt motor 135a respectively corresponding to the tilt members.

Further, when the training rod tilt mechanism 13 tilts the training rod 3 with one

degree of freedom, it is sufficient that the training rod tilt mechanism 13 includes only the
X-axis direction tilt member 131 and the X-axis direction tilt motor 135b, or the Y-axis
direction tilt member 133 and the Y-axis direction tilt motor 135a. Alternatively, even if the
training rod tilt mechanism 13 includes the above-mentioned two members and two motors,
the training rod tilt mechanism 13 can tilt the training rod 3 with one degree of freedom by
disabling one combination of the member and the motor.
[0035] The X-axis direction tilt member 131 is disposed inside a space of the Y-axis
direction tilt member 133. In addition, the X-axis direction tilt member 131 includes two
shafts 131a and 131b extending outside from two side surfaces each having normal line
parallel to the Y-axis. The two shafts 131a and 131b are supported respectively by the two
side surfaces each having normal line parallel to the Y-axis of the Y-axis direction tilt member
133 in a manner capable of rotating the X-axis direction tilt member 131 about the Y-axis.
In this way, the X-axis direction tilt member 131 can change an angle between the training
rod 3 fixed to the X-axis direction tilt member 131 and the X-axis. Here, changing the angle
between the training rod 3 and the X-axis may be referred to as "tilting in the X-axis
direction”.

Note that the training rod 3 is fixed to the X-axis direction tilt member 131 in a state

where a part of the training rod 3 is inserted in a space S of the X-axis direction tilt member
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131.

[0036] In the same manner, the Y-axis direction tilt member 133 includes two shafts 133a
and 133b extending outside from two side surfaces each having normal line parallel to the
X-axis. The two shafts 133a and 133b are supported respectively by the training rod tilt
mechanism fixing members 15a and 15b in a manner capable of rotating the Y-axis direction
tilt member 133 about the X-axis. In this way, the Y-axis direction tilt member 133 can
rotate about the X-axis with respect to the training rod tilt mechanism fixing members 15a
and 15b. As a result, the Y-axis direction tilt member 133 can change an angle between the
training rod 3 fixed to the X-axis direction tilt member 131 and the Y-axis. Here, changing
the angle between the training rod 3 and the Y-axis may be referred to as "tilting in the Y-axis
direction”.

[0037] In this way, the Y-axis direction tilt member 133 tilts the training rod 3 in the Y-axis
direction, and the X-axis direction tilt member 131 tilts the training rod 3 in the X-axis
direction. Accordingly, the training rod tilt mechanism 13 can tilt the training rod 3 with
two-dimensional degrees of freedom.

Further, although the X-axis direction tilt member 131 is disposed inside the space
of the Y-axis direction tilt member 133 in Fig. 2, it is possible to modify the design so that the
X-axis direction tilt member 131 is disposed outside the space of the Y-axis direction tilt
member 133 so as to tilt the corresponding member.

[0038] The Y-axis direction tilt motor 135a is fixed to the training rod tilt mechanism fixing
member 15a. In addition, an output rotation shaft of the Y-axis direction tilt motor 135a is

connected, via a speed reduction mechanism (not shown), to the shaft 133a extending from
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the Y-axis direction tilt member 133, so as to rotate the shaft 133a. Accordingly, the Y-axis
direction tilt motor 135a rotates the Y-axis direction tilt member 133 about the X-axis.
Further, the Y-axis direction tilt motor 135a is electrically connected to the control unit 11.
Accordingly, the Y-axis direction tilt motor 135a can tilt the training rod 3 in the Y-axis
direction by control by the control unit 11.

[0039] The X-axis direction tilt motor 135b is fixed to the surface of the Y-axis direction tilt
member 133 that pivotally supports a shaft 131a extending from the X-axis direction tilt
member 131 among four side surfaces of the Y-axis direction tilt member 133. In addition,
an output rotation shaft of the X-axis direction tilt motor 135b is connected to the shaft 131a
extending from the X-axis direction tilt member 131 via a speed reduction mechanism (not
shown) so as to rotate the shaft 131a. Accordingly, the X-axis direction tilt motor 135b can
rotate the X-axis direction tilt member 131 about the Y-axis. Further, the X-axis direction
tilt motor 135b is electrically connected to the control unit 11. Accordingly, the X-axis
direction tilt motor 135b can tilt the training rod 3 in the X-axis direction by control by the
control unit 11.

[0040] In this way, the Y-axis direction tilt motor 135a and the X-axis direction tilt motor
135b tilt the training rod 3 respectively in the X-axis direction and in the Y-axis direction
with one degree of freedom by control by the control unit 11. In other words, because the
X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a are provided, the
training rod 3 can be controlled in a two-dimensional manner.

[0041] As the Y-axis direction tilt motor 135a and the X-axis direction tilt motor 135b, an

electric motor such as a servo motor or a brush-less motor can be used, for example.
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[0042] (3) Structure of training rod

I. Overall structure

Next, a structure of the training rod 3 is described with reference to Fig. 3.  First, an
overall structure of the training rod 3 is described. Fig. 3 is a diagram illustrating a structure
of the training rod 3. The training rod 3 includes the limb support member 31, a fixed stay
33, and an expansion/contraction mechanism 35. The limb support member 31 is fixed to
an upper end portion of a cover 353 (described later) of the expansion/contraction mechanism
35. The limb support member 31 is a member supporting the limb of the patient. The
fixed stay 33 constitutes a main body of the training rod 3.  In addition, the fixed stay 33 has
a space S' for housing a movable stay 351 (described later) of the expansion/contraction
mechanism 35. Further, the fixed stay 33 includes a fixing member (not shown) for fixing
the training rod 3 to the X-axis direction tilt member 131 of the training rod tilt mechanism
13.  When the fixed stay 33 is fixed to the X-axis direction tilt member 131 with the fixing
member of the fixed stay 33, the training rod 3 is fixed to the training rod tilt mechanism 13.
[0043] The expansion/contraction mechanism 35 is provided to the fixed stay 33 in a
movable manner along the longitudinal direction of the fixed stay 33. In this way, the
training rod 3 can expand and contract in the longitudinal direction of the training rod 3.
Hereinafter, a structure of the expansion/contraction mechanism 35 is described in detail.
[0044] II. Structure of expansion/contraction mechanism

Next, a structure of the expansion/contraction mechanism 35 is described with
reference to Fig. 3. The expansion/contraction mechanism 35 includes the movable stay

351, the cover 353, a nut 355, a threaded shaft 357 (described later), and an
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expansion/contraction motor 359.

The movable stay 351 is inserted in the space S' formed in the fixed stay 33. In

addition, the movable stay 351 includes a slide unit (not shown). This slide unit is slidably
engaged with a guide rail 37 provided on an inner wall of the fixed stay 33. As a result, the
movable stay 351 can move along the guide rail 37 in the space S' formed in the fixed stay 33.
The cover 353 is fixed to the upper end portion of the movable stay 351. In this way, the
cover 353 can move in the longitudinal direction of the training rod 3 in accordance with
movement of the movable stay 351. In addition, the cover 353 includes a limb support
member 31 on the upper end portion. Accordingly, the cover 353 can move the limb
support member 31 in the longitudinal direction of the fixed stay 33.
[0045] The nut 355 is attached to a bottom portion of the movable stay 351. The nut 355
is engaged with the threaded shaft 357. The threaded shaft 357 is a thread member
elongated in parallel to the longitudinal direction of the fixed stay 33. In addition, the
threaded shaft 357 is engaged with the nut 355. Accordingly, when the threaded shaft 357
rotates, the nut 355 moves along the longitudinal direction of the threaded shaft 357 (namely;,
the longitudinal direction of the fixed stay 33 (the longitudinal axis direction)).

As described above, because the nut 355 is fixed to the bottom portion of the
movable stay 351, when the nut 355 moves along the longitudinal direction of the threaded
shaft 357, the movable stay 351 can move along the longitudinal direction of the fixed stay
33.

[0046] The expansion/contraction motor 359 is fixed to a bottom portion of the fixed stay

33. In addition, an output rotation shaft of the expansion/contraction motor 359 is
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connected to an end portion in the longitudinal direction of the threaded shaft 357 so as to
rotate the threaded shaft 357 about the axis. Further, the expansion/contraction motor 359 is
electrically connected to the control unit 11. Accordingly, the expansion/contraction motor
359 can rotate the threaded shaft 357 about the axis of the threaded shaft 357 by control by
the control unit 11.

As described above, the nut 355 is engaged with the threaded shaft 357, and hence
the nut 355 can move along the longitudinal direction of the threaded shaft 357 in accordance
with rotation of the threaded shaft 357. Accordingly, the movable stay 351 can move along
the longitudinal direction of the fixed stay 33 (longitudinal axis direction) in accordance with
rotation of the expansion/contraction motor 359.

[0047] (4) Structure of control unit

I. Overall structure

Next, an overall structure of the control unit 11 is described with reference to Fig. 4.
Fig. 4 is a diagram illustrating an overall structure of the control unit 11. As the control unit
11, it is possible to use a microcomputer system, for example, which includes a CPU, a
storage device such as a RAM, a ROM, a hard disk drive, and an SSD, an interface for
converting an electric signal, and the like. In addition, a part or a whole of functions of the
control unit 11 described below may be realized by a program that can be executed by the
microcomputer system. In addition, the program may be stored in the storage device of the
microcomputer system. Further, a part or a whole of functions of the control unit 11 may be
realized by a custom IC or the like.

The control unit 11 includes an instruction generation unit 111, and motor control
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units 113a, 113b, and 113c.

[0048] The instruction generation unit 111 is connected to the training instruction unit 5 and
the motor control units 113a, 113b, and 113c in a manner capable of transmitting and
receiving signals. The instruction generation unit 111 generates instructions for the motor
control units 113a, 113b, and 113c to respectively drive the Y-axis direction tilt motor 135a,
the X-axis direction tilt motor 135b, and the expansion/contraction motor 359 on the basis of
the training rod operation instruction transmitted from the training instruction unit 5.

[0049] The instructions generated by the instruction generation unit 111 include a speed
instruction and a position instruction. The speed instruction is an instruction for controlling
rotation speed of the motor (an amount of change of the tilt angle or the
expansion/contraction length of the training rod 3 per unit time). In addition, the position
instruction is an instruction for controlling the tilt angle or the expansion/contraction length
of the training rod 3.

As described later, when each of the motor control units 113a, 113b, and 113c
controls each of the motors on the basis of the speed instruction, the motor is controlled to
follow the speed instructed by the speed instruction. In other words, if there is a difference
(speed difference) between the speed instructed by the speed instruction and the actual
rotation speed of the motor, each of the motor control units 113a, 113b, and 113c controls the
motors so as to eliminate the speed difference.

[0050] On the other hand, when each of the motor control units 113a, 113b, and 113c
controls the motors on the basis of the position instruction, the motors are controlled to allow

the tilt angle or the expansion/contraction length of the training rod 3 to follow the tilt angle
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instructed by the position instruction (instructed tilt angle) or the expansion/contraction
length instructed by the position instruction (instructed expansion/contraction length). In
other words, if there is a difference (position difference) between the tilt angle instructed by
the position instruction and the actual tilt angle of the training rod 3, or between the
expansion/contraction length instructed by the position instruction and the actual
expansion/contraction length of the training rod 3, each of the motor control units 113a, 113b,
and 113c controls the motor so as to eliminate the position difference.

[0051] Note that the speed instruction and the position instruction generated by the
instruction generation unit 111 are functions of time. On the other hand, the training rod
operation instruction transmitted from the training instruction unit 5 includes at least
information of the tilt angle to which the training rod 3 should be moved (target position
information) and information of the amount of change of the tilt angle or the
expansion/contraction length of the training rod 3 per unit time (the tilt angle speed or the
expansion/contraction length speed) (target speed information), and further includes
information of an acceleration rate for the tilt angle speed or the expansion/contraction length
speed of the training rod 3 to reach a desired tilt angle speed or expansion/contraction length
speed (acceleration rate information) and information of a deceleration rate for stopping the
moving training rod 3 (deceleration rate information).

[0052] In other words, the training rod operation instruction as a base for generating the
speed instruction and the position instruction does not include information of time.
However, the training rod operation instruction includes information of distance

(corresponding to the target position information) and information of speed (corresponding to
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the target speed information), and further includes information of acceleration rate
(corresponding to the acceleration rate information and the deceleration rate information).
Accordingly, the information of time can be derived from these information.

Thus, the instruction generation unit 111 can generate the speed instruction and the

position instruction as functions of time, by calculating with appropriate combination of the
target position information and the target speed information, as well as the acceleration rate
information and the deceleration rate information, included in the training rod operation
instruction.
[0053] In addition, the speed instructions generated by the instruction generation unit 111
include two types of speed instructions as illustrated in Figs. 5A and 5B. One of them is the
speed instruction as illustrated in Fig. 5A, which includes only an acceleration instruction for
accelerating the motor at a constant acceleration rate and a deceleration instruction for
decelerating the motor at a constant deceleration rate. This speed instruction can be
expressed as a graph having a triangular shape in a coordinate system in which the horizontal
axis represents time, while the vertical axis represents speed. Accordingly, this speed
instruction may be referred to as a triangular speed locus type speed instruction. The case
where the speed instruction becomes the triangular speed locus type is, for example, a case
where a moving distance of the training rod 3 is short when moving from a current tilt angle
of the training rod 3 to a target tilt angle of the training rod 3 instructed by the training
instruction unit 5, a case where the acceleration rate and the deceleration rate of the motor
instructed by the training rod operation instruction are small, or the like.

In this way, because the speed instruction includes the acceleration instruction and
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the deceleration instruction, the motor control units 113a, 113b, and 113c can smoothly
control the motors.

[0054] The other type is the speed instruction as illustrated in Fig. 5B, which includes, in
addition to the acceleration instruction and the deceleration instruction, a constant speed
instruction for rotating the motor at a constant speed. This speed instruction can be
expressed as a graph having a trapezoidal shape in a coordinate system in which the
horizontal axis represents time, while the vertical axis represents speed. Accordingly, this
speed instruction may be referred to as a trapezoidal speed locus type speed instruction. The
case where the speed instruction becomes the trapezoidal speed locus is, for example, a case
where a moving distance of the training rod 3 is long when moving from a current tilt angle
of the training rod 3 to a target tilt angle of the training rod 3 instructed by the training
instruction unit 5, a case where the acceleration rate and the deceleration rate of the motor are
large, or the like.

In this way, because the speed instruction further includes the constant speed
instruction, the motor control units 113a, 113b, and 113c can smoothly control the motors
even if the training rod 3 moves with a large tilt angle.

[0055] On the other hand, the position instruction generated by the instruction generation
unit 111 has a shape as illustrated in Fig. 6 in a coordinate system in which the horizontal axis
represents time, while the vertical axis represents position (tilt angle). The position
instruction corresponds to an integrated value of the speed instruction over time. The
position instruction illustrated in Fig. 6 is a position instruction corresponding to the

trapezoidal speed locus type speed instruction illustrated in Fig. 5B. Accordingly, in the



10

15

20

28

trapezoidal speed locus type speed instruction, the position instruction has a
downward-convex parabola shape with a vertex at time point 0 in a period between time
points O to t; (during an acceleration instruction interval) while the speed increases with a
positive gradient. In a period between time points t; and t, (a constant speed instruction
interval) until the speed becomes a line parallel to a horizontal axis in the speed instruction,
the position instruction increases linearly with a positive gradient. Further, in a period
between time points t, and t; (during a deceleration instruction interval) while the speed
decreases with a negative gradient in the speed instruction, the position instruction has an
upward-convex parabola shape with a vertex at time point ts.

[0056] The motor control units 113a, 113b, and 113c are connected to the instruction
generation unit 111 in a manner capable of transmitting and receiving signals. Accordingly,
the motor control units 113a, 113b, and 113c can receive the speed instruction and the
position instruction from the instruction generation unit 111. In addition, the motor control
units 113a, 113b, and 113c are electrically connected to the Y-axis direction tilt motor 135a,
the X-axis direction tilt motor 135b, and the expansion/contraction motor 359, respectively.
Accordingly, the motor control units 113a, 113b, and 113c can control the motors in
accordance with the speed instruction and/or the position instruction.

Further, the motor control units 113a, 113b, and 113c are connected to a first rotation
information detection sensor 135a-1 for the Y-axis direction tilt motor 135a, a second rotation
information detection sensor 135b-1 for the X-axis direction tilt motor 135b, and a third
rotation information detection sensor 359-1 for the expansion/contraction motor 359,

respectively, in a manner capable of transmitting and receiving signals.
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[0057] The first rotation information detection sensor 135a-1, the second rotation
information detection sensor 135b-1, and the third rotation information detection sensor
359-1 are usually fixed to the output rotation shaft of the Y-axis direction tilt motor 135a, the
output rotation shaft of the X-axis direction tilt motor 135b, and the output rotation shaft of
the expansion/contraction motor 359, respectively. In this way, the first rotation information
detection sensor 135a-1, the second rotation information detection sensor 135b-1, and the
third rotation information detection sensor 359-1 can output an amount of rotation of the
Y-axis direction tilt motor 135a, an amount of rotation of the X-axis direction tilt motor 135b,
and an amount of rotation of the expansion/contraction motor 359, respectively.

As the first rotation information detection sensor 135a-1, the second rotation
information detection sensor 135b-1, and the third rotation information detection sensor
359-1, it is possible to use sensors that can measure an amount of rotation of the output
rotation shaft of the motor. As such the sensor, for example, an encoder such as an
incremental type encoder or an absolute type encoder can be appropriately used.

When encoders are used as the sensors, the first rotation information detection
sensor 135a-1, the second rotation information detection sensor 135b-1, and the third rotation
information detection sensor 359-1 output pulse signals corresponding to amounts of rotation
of the Y-axis direction tilt motor 135a, an amount of rotation of the X-axis direction tilt motor
135b, and an amount of rotation of the expansion/contraction motor 359, respectively.

[0058] In this way, because the motor control units 113a, 113b, and 113c are connected to
the first rotation information detection sensor 135a-1, the second rotation information

detection sensor 135b-1, and the third rotation information detection sensor 359-1,



10

15

20

30

respectively, for measuring amounts of rotation of the output rotation shafts of the motors, the
motor control units 113a, 113b, and 113c can control the motors in consideration of actual
amounts of rotation of the motors.

[0059] Next, the motor control units 113a, 113b, and 113c are described in detail. In the
following description, the motor control unit 113a is exemplified and described. It is
because other motor control units 113b and 113c have the same structure and the same
function as the motor control unit 113a.

[0060] II. Structure of motor control unit

A structure of the motor control unit 113a is described with reference to Fig. 7A.
Fig. 7Ais a diagram illustrating a basic structure of the motor control unit 113a.

The motor control unit 113a includes a tilt angle calculation unit 1131, a position
difference calculation unit 1132, a feedback current detection unit 1133, the determination
unit 1134, and a motor drive unit 1135.

The tilt angle calculation unit 1131 is connected to the first rotation information
detection sensor 135a-1 in a manner capable of transmitting and receiving signals. In this
way, the pulse signal output corresponding to the amount of rotation of the output rotation
shaft of the Y-axis direction tilt motor 135a measured by the first rotation information
detection sensor 135a-1 is input to the tilt angle calculation unit 1131. Further, the tilt angle
calculation unit 1131 calculates a tilt angle of the training rod 3 on the basis of the number of
pulses included in the pulse signal output from the first rotation information detection sensor
135a-1.

[0061] The position difference calculation unit 1132 is connected to the tilt angle
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calculation unit 1131 in a manner capable of transmitting and receiving signals. In this way;,
the tilt angle of the training rod 3 calculated by the tilt angle calculation unit 1131 is input to
the position difference calculation unit 1132. In addition, the position difference calculation
unit 1132 is connected to the instruction generation unit 111 in a manner capable of
transmitting and receiving signals. In this way, the position instruction generated by the
instruction generation unit 111 is input to the position difference calculation unit 1132.

The position difference calculation unit 1132 calculates a difference between the

actual tilt angle of the training rod 3 calculated by the tilt angle calculation unit 1131 and the
tilt angle of the training rod 3 instructed by the position instruction (instructed tilt angle), as
the position difference. In addition, the position difference calculation unit 1132 calculates
the position difference every preset first time period T;. Note that the first time period T,
that determines the timing for calculating the position difference may be arbitrarily settable as
necessary.
[0062] The feedback current detection unit 1133 is electrically connected to an output of the
motor drive unit 1135 (described later). In this way, the feedback current detection unit
1133 can detect a current value of a feedback current | output from the motor drive unit 1135
to the Y-axis direction tilt motor 135a. In this case, as the feedback current detection unit
1133, it is possible to use a device capable of measuring current flowing in a winding of the
motor. For instance, as the feedback current detection unit 1133, it is possible to use a shunt
resistor, a cramp current meter, a current sense transformer, or the like.

Alternatively, the feedback current detection unit 1133 may detect a signal value of a

first control amount and/or a second control amount output from a speed control unit 1135-1
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(Fig. 8) and/or a position control unit 1135-2 (Fig. 8) for controlling a power supply unit
1135-4 (Fig. 8). In this case, the feedback current detection unit 1133 is connected to an
input of the power supply unit 1135-4 of the motor drive unit 1135 (Fig. 8) in a manner
capable of transmitting and receiving signals. In this case, the feedback current detection
unit 1133 detects a combined control amount of the first control amount and the second
control amount output from a combining unit 1135-7 (Fig. 8). In this way, the feedback
current detection unit 1133 can predict the current value of the feedback current | without a
device for measuring current flowing in the winding of the motor.

In addition, the feedback current detection unit 1133 includes a decision unit (not
shown) for deciding whether or not the current value of the feedback current | is a first
current value 1; or higher.

[0063] The determination unit 1134 is connected to the position difference calculation unit
1132 and the feedback current detection unit 1133 in a manner capable of transmitting and
receiving signals. The determination unit 1134 determines (i) whether or not a position
difference generated per the first time period T, (described later) calculated by the position
difference calculation unit 1132 is a first threshold ¢1 (described later) or higher, and (ii)
whether or not a current value of the feedback current | detected by the feedback current
detection unit 1133 is kept the first current value 1, (described later) for a second time period
T, (described later) or longer. Further, if the above-mentioned condition (i) or (ii) is "true”,
an error is determined.

[0064] The motor drive unit 1135 is connected to the instruction generation unit 111 for

generating the position instruction and the speed instruction (a relationship between the
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instruction generation unit 111 and the position instruction as well as the speed instruction is
not illustrated) in a manner capable of transmitting and receiving signals. Accordingly, the
position instruction and the speed instruction are input from the instruction generation unit
111 to the motor drive unit 1135. In addition, the motor drive unit 1135 is electrically
connected to the Y-axis direction tilt motor 135a. Further, the motor drive unit 1135 is
connected to the first rotation information detection sensor 135a-1 in a manner capable of
transmitting and receiving signals.

Accordingly, the motor drive unit 1135 can control the Y-axis direction tilt motor

135a on the basis of the speed instruction and/or position instruction and the amount of
rotation of the Y-axis direction tilt motor 135a. Details of the motor drive unit 1135 will be
described later.
[0065] The motor control unit 113a may further include an accumulated time measuring
unit 1136 as a first variation illustrated in Fig. 7B. The accumulated time measuring unit
1136 is connected to the position difference calculation unit 1132 in a manner capable of
transmitting and receiving signals. The accumulated time measuring unit 1136 measures a
time period during which the position difference per the first time period T, calculated by the
position difference calculation unit 1132 is a second threshold ¢, (described later) or higher
and lower than the first threshold 1 (accumulated time ta).

In addition, the accumulated time measuring unit 1136 is connected to the
determination unit 1134 in a manner capable of transmitting and receiving signals. In this
way, the accumulated time measuring unit 1136 can output the measured accumulated time ta

to the determination unit 1134.
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[0066] In the first variation in which the motor control unit 113a includes the accumulated
time measuring unit 1136, the determination unit 1134 determines an error if the accumulated
time ta is a third time period T3 (described later) or longer. In this way, the training can be
continued until the third time period T3 elapses with respect to a position difference per the
first time period Ty having a value lower than the first threshold ¢, i.e., with respect to a
slowly changing position difference.

In addition, the determination unit 1134 can predict a load necessary for the Y-axis
direction tilt motor 135a to move the training rod 3 from the slow position difference change.
Accordingly, even if the feedback current value cannot be detected, the accumulated time
measuring unit 1136 can measure the time period during which the slow position difference
change continued, so as to measure the time period during which a load of predetermined
value or more is applied to the Y-axis direction tilt motor 135a.

[0067] The motor control unit 113a may include a feedback current limiting unit 1137 as a
second variation illustrated in Fig. 7C. The feedback current limiting unit 1137 is connected
to the determination unit 1134 and the motor drive unit 1135 in a manner capable of
transmitting and receiving signals. The feedback current limiting unit 1137 limits the
feedback current value output from the motor drive unit 1135 when the determination unit
1134 determines an error.  When the feedback current limiting unit 1137 limits the feedback
current value, the motor drive unit 1135 outputs the feedback current I having a second
current value I, that is smaller than a rated current I of the Y-axis direction tilt motor 135a,
namely the second current value I, is calculated by multiplying the rated current Iz by a

predetermined number "a" smaller than one (axIg).
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[0068] III. Structure of motor drive unit

Next, a structure of the motor drive unit 1135 is described with reference to Fig. 8.
Fig. 8 is a diagram illustrating a structure of the motor drive unit 1135. The motor drive unit
1135 includes the speed control unit 1135-1, the position control unit 1135-2, a speed
calculation unit 1135-3, the power supply unit 1135-4, a current limiting unit 1135-5, a first
difference calculation unit 1135-6a, a second difference calculation unit 1135-6b, the
combining unit 1135-7, a switching unit 1135-8, and a position difference setting unit 1135-9.

The speed control unit 1135-1 is connected to the second difference calculation unit
1135-6b in a manner capable of transmitting and receiving signals. Accordingly, the speed
control unit 1135-1 receives a difference (a speed difference) between the speed instructed by
the speed instruction (an instructed speed) and an actual speed of the Y-axis direction tilt
motor 135a, which is calculated by the second difference calculation unit 1135-6b.
[0069] The speed control unit 1135-1 calculates the first control amount for controlling the
power supply unit 1135-4 on the basis of the received speed difference. In this case, the
speed control unit 1135-1 calculates the first control amount so as to eliminate the received
speed difference. In other words, the speed control unit 1135-1 calculates the first control
amount such that the actual motor speed follows the instructed speed.

As the speed control unit 1135-1, it is possible to use a control device that calculates
a control amount such as to eliminate the speed difference on the basis of a control theory, for
example. As this control device, there is a control device using a proportional integral
derivative (PID) control theory, for example. In this embodiment, a control device using a

proportional integral (PI) control theory is used as the speed control unit 1135-1.



10

15

20

36

When the speed control unit 1135-1 is the control device using the PI control theory,

the first control amount is expressed as Kp,xAv+KixInt(Av), where Av represents the speed
difference, Int(Av) represents an integrated value over time of the speed difference Av, and
Kov and Ky, are constants called control gains.
[0070] The position control unit 1135-2 is connected to the first difference calculation unit
1135-6a in a manner capable of transmitting and receiving signals. Accordingly, the
position control unit 1135-2 is supplied with a difference (position difference) between the tilt
angle instructed by the position instruction (instructed tilt angle) and the actual tilt angle of
the training rod 3, which is calculated by the first difference calculation unit 1135-6a.

In addition, the position control unit 1135-2 calculates the second control amount for
controlling the power supply unit 1135-4 on the basis of the position difference. In other
words, the position control unit 1135-2 calculates the second control amount such that the
actual tilt angle of the training rod 3 follows the instructed tilt angle (such as to eliminate the
position difference).

As the position control unit 1135-2, similarly to the speed control unit 1135-1, a
control device that performs control based on a control theory can be used. In this
embodiment, a control device using the PI control theory is used as the position control unit
1135-2.

In this case, the second control amount is expressed as KypxA8+Kj,xInt(AB), where
AB represents the position difference, Int(AO) represents an integrated value over time of the
position difference A8, and K, and Kj, are constants called control gains.

[0071] The speed calculation unit 1135-3 is connected to the first rotation information
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detection sensor 135a-1 in a manner capable of transmitting and receiving signals. In this
way, the speed calculation unit 1135-3 calculates the rotation speed of the Y-axis direction tilt
motor 135a from the pulse signal output from the first rotation information detection sensor
135a-1. Note that the rotation speed of the Y-axis direction tilt motor 135a can be calculated
from the number of pulses per unit time in the pulse signal.

[0072] The power supply unit 1135-4 is connected to the speed control unit 1135-1 via the
combining unit 1135-7. In addition, the power supply unit 1135-4 is connected to the
position control unit 1135-2 via the combining unit 1135-7 and the switching unit 1135-8.

In this way, only the first control amount output from the speed control unit 1135-1
is input to the power supply unit 1135-4, or the first control amount and the second control
amount output from the position control unit 1135-2 are combined by the combining unit
1135-7 and input to the power supply unit 1135-4.

[0073] When only the first control amount is input to the power supply unit 1135-4, the
power supply unit 1135-4 outputs the feedback current I on the basis of only the first control
amount such that the speed (rotation speed) of the Y-axis direction tilt motor 135a follows the
instructed speed. In this way, the motor drive unit 1135 can drive the Y-axis direction tilt
motor 135a so that the rotation speed of the motor follows the instructed speed.

[0074] On the other hand, when the first control amount and the second control amount are
combined by the combining unit 1135-7 and input to the power supply unit 1135-4, the power
supply unit 1135-4 outputs the feedback current | such that the rotation speed of the motor
follows the instructed speed and that the tilt angle of the training rod 3 follows the instructed

tilt angle. In this way, the motor drive unit 1135 can drive the Y-axis direction tilt motor
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135a not only so that the rotation speed of the motor follows the instructed speed but also that
the tilt angle of the training rod 3 follows the instructed tilt angle.

[0075] Further, in this embodiment, the power supply unit 1135-4 outputs the current
(feedback current 1) controlled based on the first control amount and/or second control
amount. However, output from the power supply unit 1135-4 is not limited to the feedback
current.  For instance, the power supply unit 1135-4 may output a voltage whose voltage
value and/or duty ratio are controlled on the basis of the first control amount and/or second
control amount.

[0076] The current limiting unit 1135-5 is electrically connected to the output of the power
supply unit 1135-4 and the Y-axis direction tilt motor 135a. In addition, the current limiting
unit 1135-5 is connected to the feedback current limiting unit 1137 in a manner capable of
transmitting and receiving signals. Accordingly, when the current limiting unit 1135-5
receives the instruction to limit the feedback current | from the feedback current limiting unit
1137, the current limiting unit 1135-5 limits the feedback current value so that the feedback
current value output from the power supply unit 1135-4 does not become the preset second
current value I, or larger.

In this case, the current value, which is calculated by multiplying the rated current Ig
of the Y-axis direction tilt motor 135a by the predetermined number "a" smaller than one
(axIR), is set as the second current value 1, in the current limiting unit 1135-5. In this way,
when the determination unit 1134 determines an error, the feedback current | input to the
Y-axis direction tilt motor 135a can be limited to the rated current value or smaller.

[0077] Each of the first difference calculation unit 1135-6a and the second difference
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calculation unit 1135-6b has two inputs (an input denoted by "+" and an input denoted by "-").
The input denoted by "+" of each of the first difference calculation unit 1135-6a and the
second difference calculation unit 1135-6b is connected to the instruction generation unit 111
in @ manner capable of transmitting and receiving signals.  Further, the input denoted by "+"
of the first difference calculation unit 1135-6a receives the position instruction from the
instruction generation unit 111, while the input denoted by "+" of the second difference
calculation unit 1135-6b receives the speed instruction from the instruction generation unit
111.

In addition, the input denoted by "-" of the first difference calculation unit 1135-6a is
connected to the first rotation information detection sensor 135a-1 in a manner capable of
transmitting and receiving signals. In this way, the input denoted by "-" of the first
difference calculation unit 1135-6a receives the pulse signal output in accordance with the
amount of rotation of the Y-axis direction tilt motor 135a calculated by the speed calculation
unit 1135-3. Further, the input denoted by "-" of the second difference calculation unit
1135-6b is connected to the output of the speed calculation unit 1135-3 in a manner capable
of transmitting and receiving signals. In this way, the input denoted by "-" of the second
difference calculation unit 1135-6b receives the rotation speed of the Y-axis direction tilt
motor 135a.

[0078] Accordingly, the first difference calculation unit 1135-6a calculates the position
difference, i.e., the difference between the instructed tilt angle instructed by the position
instruction and the actual tilt angle of the training rod 3. On the other hand, the second

difference calculation unit 1135-6b calculates the speed difference, i.e., the difference
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between the instructed speed instructed by the speed instruction and the rotation speed of the
Y-axis direction tilt motor 135a.

[0079] The combining unit 1135-7 combines the first control amount output from the speed
control unit 1135-1 and the second control amount output from the position control unit
1135-2 (the combined control amount) and outputs the result to the power supply unit 1135-4.
Here, the combined control amount is a control amount obtained by adding the first control
amount and the second control amount after appropriate weighting. By appropriately
adjusting the weighting on the first control amount and the weighting on the second control
amount, it is possible to adjust whether to put importance on the control so that the rotation
speed of the Y-axis direction tilt motor 135a follows the instructed speed (speed control) or
on the control so that the tilt angle of the training rod 3 follows the instructed tilt angle
(position control).

[0080] The switching unit 1135-8 is connected to the output of the position control unit
1135-2 and an input of the combining unit 1135-7. In addition, the switching unit 1135-8 is
connected to the instruction generation unit 111 and the first rotation information detection
sensor 135a-1 in a manner capable of transmitting and receiving signals. In this way, the
switching unit 1135-8 turns on the switch of the switching unit 1135-8 when the number of
pulses output from the first rotation information detection sensor 135a-1 (i.e., the actual tilt
angle of the training rod 3) becomes a value corresponding to the deceleration start position
instructed by the speed instruction. In other words, the switching unit 1135-8 enables the
second control amount as the output from the position control unit 1135-2 to be received by

the combining unit 1135-7 when the amount of rotation of the Y-axis direction tilt motor 135a
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becomes the value corresponding to the deceleration start position instructed by the speed
instruction.

In this way, the switching unit 1135-8 can reflect the second control amount output
from the position control unit 1135-2 on the control of the Y-axis direction tilt motor 135a
only when the speed instruction is the deceleration instruction. As a result, the training rod
3 can reach the target tilt angle with a difference as small as possible when the deceleration
instruction is executed.

[0081] The position difference setting unit 1135-9 is connected to the output of the first
difference calculation unit 1135-6a and the input of the position control unit 1135-2 in a
manner capable of transmitting and receiving signals. In addition, the position difference
setting unit 1135-9 is connected to the instruction generation unit 111 and the first rotation
information detection sensor 135a-1 in a manner capable of transmitting and receiving signals.
In this way, the position difference setting unit 1135-9 sets the position difference output from
the first difference calculation unit 1135-6a to zero (resets the same) when the number of
pulses output from the first rotation information detection sensor 135a-1 becomes a value
corresponding to the deceleration start position. By setting the (accumulated) position
difference to zero (resetting the same) when decelerating the rotation speed of the Y-axis
direction tilt motor 135a, it is possible to prevent the rotation speed of the motor from
excessively increasing for correcting the position difference due to a temporary increase of
the position difference when the motor is decelerated.

[0082] (5) Operation of training apparatus

I. Basic operation of training apparatus
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Next, an operation of the training apparatus 100 is described. First, a basic
operation of the training apparatus 100 is described with reference to Fig. 9. Fig. 9 is a
flowchart illustrating a basic operation of the training apparatus 100. Further, in the
following description, an operation of the training apparatus 100 when the training mode is
set to the guided mode is exemplified for describing the operation of the training apparatus
100. In addition, in the example described below, it is supposed that the motor control unit
113a includes the accumulated time measuring unit 1136 and the feedback current limiting
unit 1137 as illustrated in Fig. 7C. In addition, an operation of controlling the Y-axis
direction tilt motor 135a by the motor control unit 113a is exemplified for describing the
operation of the training apparatus 100. It is because the same control is performed also
when the X-axis direction tilt motor 135b and the expansion/contraction motor 359 are
controlled by the motor control units 113b and 113c, respectively.

First, the user makes various initial settings of the training apparatus 100 by using

the training instruction unit 5 or the like (Step S1). In this case, the user of the training
apparatus 100 sets the training mode to the guided mode by using the training instruction unit
5. Further, the user of the training apparatus 100 sets the training program of the limb of the
patient in the guided mode by using the training instruction unit 5.
[0083] Next, the training instruction unit 5 generates the training rod operation instruction
on the basis of the set training program. Further, the training instruction unit 5 transmits the
training rod operation instruction (upper level instruction) to the instruction generation unit
111 of the control unit 11 (Step S2).

After that, the instruction generation unit 111, which has received the training rod
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operation instruction, generates the speed instruction and the position instruction on the basis
of the target position information, the target speed information, and the acceleration rate
information included in the training rod operation instruction (Step S3).
[0084] After the instruction generation unit 111 generates the speed instruction and the
position instruction, the motor control unit 113a controls the Y-axis direction tilt motor 135a
on the basis of the speed instruction and/or the position instruction (Step S4). Details of the
drive of the Y-axis direction tilt motor 135a by the motor control unit 113a in this
embodiment will be described later.
[0085] After the motor control unit 113a starts the drive of the Y-axis direction tilt motor
135a, the determination unit 1134 first determines whether or not the difference (position
difference) between the instructed tilt angle instructed by the position instruction and the
actual tilt angle of the training rod 3 is the first threshold @; or higher (Step S5). In other
words, in Step S5, it is determined whether or not the position difference per unit time (first
time period T;) becomes excessively large (position difference excessiveness).

If the position difference per the first time period T; is the first threshold ¢, or higher
("Yes" in Step Sb), the process proceeds to Step S7. On the other hand, if the position
difference per the first time period T; is lower than the first threshold ¢; ("No™ in Step S5),
the process proceeds to Step S6.

A method of determining the position difference excessiveness in Step S5 will be
described later in detail.
[0086] In Step S6, the determination unit 1134 determines whether or not an excessive load

(overload) has been applied on the limb continuously for a predetermined time period (the
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second time period T,) in order that the Y-axis direction tilt motor 135a moves the limb of the
patient. If the Y-axis direction tilt motor 135a applies an excessive load on the limb
continuously for the second time period T, or longer ("Yes" in Step S6), the process proceeds
to Step S7.  On the other hand, if the time period during which the Y-axis direction tilt motor
135a applies an excessive load on the limb is shorter than the second time period T, or if the
Y-axis direction tilt motor 135a does not apply an excessive load on the limb ("No" in Step
S6), the process proceeds to Step S8.
[0087] If it is determined in Step S5 that the position difference is the first threshold ¢, or
higher, or if it is determined in Step S6 that an excessive load is applied on the limb for the
second time period T, or longer, the determination unit 1134 determines an error (Step S7).
Note that when the determination unit 1134 determines an error, the training
apparatus 100 performs various error processes.
[0088] As the error process in Step S7, the determination unit 1134 may inform the
feedback current limiting unit 1137 of the error if the motor control unit 113a includes the
feedback current limiting unit 1137. In addition, the feedback current limiting unit 1137,
which has received the error, may drive the current limiting unit 1135-5 of the motor drive
unit 1135. In this way, if the determination unit 1134 determines an error, the current value
of the feedback current | input to the Y-axis direction tilt motor 135a is limited to the second
current value I, smaller than the rated current Iz (axIr ("a" is a positive number smaller than
one)).
[0089] In general, a torque of a motor becomes larger as a value of the current supplied to a

coil (winding) of a rotor and/or stator becomes larger.  Accordingly, when the determination
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unit 1134 determines an error, the feedback current | supplied to the Y-axis direction tilt
motor 135a is limited to the second current value I,, and hence the torque output from the
Y-axis direction tilt motor 135a is limited. As a result, when an error occurs in the training
apparatus 100, the training rod 3 can be controlled without applying an excessive load on the
patient.
[0090] In addition, as the error process in Step S7, the training instruction unit 5 provides
visual or auditory information notifying occurrence of an error. In this way, the user can
know a status of the training apparatus 100, namely that an error has occurred in the training
apparatus 100 and/or about a cause of the error or the like.
[0091] In Step S7, when using the training apparatus 100, other error processing may be
performed as necessary.
[0092] After the error process finishes in Step S7, or if it is determined "No" in Step S5 and
it is determined "No" in Step S6 (i.e., if the determination unit 1134 determines that the
position difference is lower than the first threshold ¢; and the time period during which the
Y-axis direction tilt motor 135a applies an excessive load on the limb is shorter than the
second time period T, and in further other words, if an error is not determined), the motor
control unit 113a determines whether or not the training rod 3 has reached the target tilt angle
that is a tilt angle to be finally reached by the training rod 3 (Step S8).

If the tilt angle of the training rod 3 is the target tilt angle ("Yes" in Step S8), the
control of the Y-axis direction tilt motor 135a by the motor control unit 113a is finished.

On the other hand, if the tilt angle of the training rod 3 has not reached the target tilt

angle ("No" in Step S8), the process returns to Step S5.
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[0093] Further, it is possible to determine whether or not the training rod 3 has reached the
target tilt angle on the basis of the number of pulses output from the first rotation information
detection sensor 135a-1, or on the basis of whether or not the speed instruction and/or the
position instruction are all executed.
[0094] II. Motor control method

Next, the method of controlling the Y-axis direction tilt motor 135a in Step S4 is
described with reference to Fig. 10. Fig. 10 is a flowchart illustrating the method of
controlling the motor. In this embodiment, the motor control unit 113a controls the Y-axis
direction tilt motor 135a to follow only the speed instruction when executing the acceleration
instruction and/or the constant speed instruction of the speed instruction. Further, the motor
control unit 113a controls the Y-axis direction tilt motor 135a to follow the speed instruction
and the position instruction when executing the deceleration instruction.
[0095] When the motor drive is started, the switching unit 1135-8 first calculates the tilt
angle of the training rod 3 from the number of pulses output from the first rotation
information detection sensor 135a-1.  Further, it is determined whether or not the calculated
tilt angle of the training rod 3 is the tilt angle at which the deceleration instruction should be
executed in the speed instruction (Step S41).

Here, with reference to Fig. 11, the operation in Step S41 is described in detail. Fig.
11 is a diagram schematically illustrating a manner of checking whether or not the tilt angle
of the training rod 3 is the tilt angle at which the deceleration instruction should be executed.
[0096] In the position instruction and the speed instruction illustrated in Fig. 11 (the both

instructions are illustrated by a dot-dashed line in Fig. 11), the deceleration instruction is



10

15

20

47

started when an elapsed time t from start of the drive of the Y-axis direction tilt motor 135a
becomes tg.. In this case, the instructed tilt angle of the training rod 3 at the elapsed time tqc
is 04. The instructed tilt angle 04 corresponds to the deceleration start position. On the
other hand, the actual tilt angle of the training rod 3 illustrated in Fig. 11 by a solid line is
smaller than the instructed tilt angle 04 (an example of the deceleration start position) also
when the elapsed time is tgc.
[0097] Accordingly, if the deceleration instruction is executed when the elapsed time from
start of the drive of the Y-axis direction tilt motor 135a becomes tq, the control of the Y-axis
direction tilt motor 135a may be stopped before the training rod 3 reaches the target tilt angle.
Alternatively, when the deceleration instruction of the speed instruction is executed, the
rotation speed of the Y-axis direction tilt motor 135a may be excessively increased in order to
cancel the position difference. If the rotation speed of the Y-axis direction tilt motor 135a is
excessively increased, an excessive load may be applied on the limb under training.
[0098] In order to solve the above-mentioned problem, in Step S4 (motor drive) of this
embodiment, the execution of the deceleration instruction is started when the actual tilt angle
of the training rod 3 becomes the tilt angle 64 corresponding to the deceleration start position.
As a result, in reality, the execution of the deceleration instruction is started when the elapsed
time t from start of the motor drive becomes tq, longer than tgc.

In this way, the motor drive unit 1135 can control the Y-axis direction tilt motor 135a
to accurately reach the target tilt angle while preventing the training rod 3 from applying an
excessive load on the limb.

[0099] Specifically, if the actual tilt angle of the training rod 3 has not reached the tilt angle
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84 corresponding to the deceleration start position ("No™ in Step S41), the process proceeds to
Step S42. On the other hand, if the actual tilt angle of the training rod 3 is closer to the
target tilt angle than the tilt angle 04 corresponding to deceleration start position, i.e., if the
actual tilt angle of the training rod 3 is a tilt angle at which the deceleration instruction should
be executed in the speed instruction ("Yes" in Step S41), the process proceeds to Step S43.
[0100] In Step S41, if it is determined that the actual tilt angle of the training rod 3 has not
reached the tilt angle 84 corresponding to the deceleration start position, the switching unit
1135-8 electrically disconnects between the position control unit 1135-2 and the combining
unit 1135-7 so that the second control amount output from the position control unit 1135-2 is
not input to the combining unit 1135-7 (Step S42).

In this way, only the first control amount output from the speed control unit 1135-1
is reflected when the power supply unit 1135-4 outputs the feedback current. As a result,
the motor drive unit 1135 controls the Y-axis direction tilt motor 135a so that the rotation
speed of the Y-axis direction tilt motor 135a follows only the instructed speed (speed control).
[0101] Further, when the actual tilt angle of the training rod 3 is smaller than the tilt angle
0q as the deceleration start position, the acceleration instruction or the constant speed
instruction is executed in the speed instruction. Accordingly, when the acceleration
instruction or the constant speed instruction is executed in the speed instruction, the motor
drive unit 1135 controls the Y-axis direction tilt motor 135a so that the rotation speed of the
Y-axis direction tilt motor 135a follows only the instructed speed.

[0102] In addition, when the Y-axis direction tilt motor 135a is controlled only by the speed

control, the position difference between the instructed tilt angle and the actual tilt angle of the
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training rod 3 generated due to the speed difference between the actual rotation speed of the
Y-axis direction tilt motor 135a and the instructed speed is accumulated and maintained as
illustrated in Fig. 12.  For instance, at a time point t, when the speed difference (i) generated
first in the example of Fig. 12 is canceled, a position difference A0 corresponding to a time
integration of the speed difference (i) (an area of the region illustrated by hatching in the
graph) is maintained. After that, at a time point t, when the speed difference (ii) generated
second is canceled, a position difference ABg in which the position difference corresponding
to a time integration of a speed difference (ii) (an area of the region illustrated by
crosshatching in the graph) is further accumulated on the position difference A0 is
maintained. Further, after the time point tp, even if the speed difference is canceled, the
position difference AOg is maintained without changing.

[0103] In this way, when the motor is controlled only by the speed control, the rotation
speed of the Y-axis direction tilt motor 135a follows the instructed speed, while the position
difference is not canceled but is accumulated and maintained. It is because the position
difference is not considered in the speed control when the speed control unit 1135-1
calculates the first control amount.

[0104] It is preferred for the training apparatus 100 to continue the training even if the
position difference occurs in some amount as long as the limb movement can follow the
movement of the training rod 3 indicated in the training rod operation instruction in a certain
degree. Accordingly, when the acceleration instruction and/or constant speed instruction of
the speed instruction is executed, by controlling the Y-axis direction tilt motor 135a only by

the speed control, the Y-axis direction tilt motor 135a can be controlled to follow the speed
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instruction without canceling the position difference. As a result, even if there is the
position difference in some amount, the training of the limb can be continued while a moving
speed of the training rod 3 follows the moving speed indicated in the training rod operation
instruction.
[0105] If itis determined in Step S41 that the actual tilt angle of the training rod 3 is the tilt
angle at which the deceleration instruction should be executed in the speed instruction (*"Yes"
in Step S41), the process proceeds to Step S43.
[0106] In Step S43, the position difference setting unit 1135-9 checks whether or not the
actual tilt angle of the training rod 3 is the tilt angle 64 corresponding to the deceleration start
position. If the actual tilt angle of the training rod 3 is 64 ("Yes" in Step S43), the process
proceeds to Step S44. On the other hand, if the actual tilt angle of the training rod 3 is not 04
("No™ in Step S43), the process proceeds to Step S46.
[0107] In Step S43, if it is determined that the actual tilt angle of the training rod 3 is 04, the
position difference setting unit 1135-9 first resets the accumulated and maintained position
difference (sets the position difference to zero) in a period while the training rod 3 moves to
the tilt angle 04 (Step S44). In the example illustrated in Fig. 11, the accumulated and
maintained position difference A6y, is set to zero at the elapsed time tq, when the actual tilt
angle becomes 0.

The position difference ABq, at the elapsed time tg, is reset, for example, by updating
the position instruction so that the instructed tilt angle at the elapsed time t4, becomes 64 (the
position instruction illustrated in Fig. 11 by a double-dot-dashed line). In addition, at the

same time, the speed instruction is updated so that the deceleration instruction is started at the
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elapsed time tg, (the speed instruction illustrated in Fig. 11 by a double-dot-dashed line).

After the position difference is reset in Step S44, the switching unit 1135-8
electrically connects the position control unit 1135-2 to the combining unit 1135-7 (Step S45).
In other words, the second control amount output from the position control unit 1135-2 can
be input to the combining unit 1135-7. In this way, when the deceleration instruction is
executed, not only the first control amount but also the second control amount is reflected
when the power supply unit 1135-4 outputs the feedback current I.
[0108] When the deceleration instruction of the speed instruction is executed, the position
control is also performed in addition to the speed control. Accordingly, if the position
difference is not reset at the deceleration start position, other information processing for
canceling the accumulated and maintained position difference A6g4, should be performed
when the execution of the deceleration instruction is started. It is because if this processing
is not performed, the rotation speed of the Y-axis direction tilt motor 135a may be increased
to an excessive speed higher than the speed instruction by the accumulated and maintained
position difference A6y, When the execution of the deceleration instruction is started.  This is
because if the position difference is not canceled by the information processing, a ratio of the
second control amount in the combined control amount may be increased. In this way,
despite that the deceleration instruction is being executed, if the rotation speed of the Y-axis
direction tilt motor 135a is excessively increased, an excessive load is applied on the limb of
the patient.

On the other hand, by resetting the position difference at the deceleration start

position, even if the position control is performed when the deceleration instruction is



10

15

20

52

executed, the rotation speed of the Y-axis direction tilt motor 135a can be prevented from
being excessively increased. As a result, it is possible to continue the training without
applying a large load on the limb of the patient from the training rod 3.

[0109] If the actual tilt angle of the training rod 3 is not 64 ("NO" in Step S43), or after
resetting the position difference A6y, in Step S44, the motor drive unit 1135 drives the Y-axis
direction tilt motor 135a so that the rotation speed of the Y-axis direction tilt motor 135a
follows the instructed speed of the speed instruction and that the tilt angle of the training rod
3 follows the instructed tilt angle of the position instruction (Step S46). In this way, the
motor drive unit 1135 controls the Y-axis direction tilt motor 135a so that the training rod 3
reaches the target tilt angle with a difference as small as possible.

[0110] M. Position difference excessiveness determination method

Next, the position difference excessiveness determination method in Step S5 of the
flowchart illustrated in Fig. 9 is described with reference to Fig. 13. Fig. 13 is a flowchart
illustrating the position difference excessiveness determination method.

After starting the position difference excessiveness determination, the determination
unit 1134 first determines whether or not the elapsed time t from start of the drive of the
Y-axis direction tilt motor 135a is a multiple of the first time period T, and an integer (n)
(Step S51). If the elapsed time t is not a multiple of the first time period T, and an integer
("No" in Step S51), the determination unit 1134 determines that the position difference
excessiveness has not occurred (Step S55) and finishes the position difference excessiveness
determination.

[0111] On the other hand, if the elapsed time t is a multiple of the first time period T, and
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an integer ("Yes" in Step S51), the determination unit 1134 instructs the position difference
calculation unit 1132 to calculate the position difference that is currently accumulated and
maintained (Step S52). Further, the determination unit 1134 regards the calculated position
difference as a position difference A6, accumulated and maintained at an elapsed time t=nTj,
and stores the same in a storage device of the motor control unit 113a or the like.

[0112] Next, the determination unit 1134 determines whether or not the position difference
generated per the first time period T; is the first threshold ¢; or higher (Step S53).
Specifically, the determination unit 1134 first reads out a position difference A8,.; calculated
last time, namely, the position difference accumulated and maintained at an elapsed time
t=(n-1)T; from the storage device of the motor control unit 113a or the like. Further, the
determination unit 1134 calculates a difference A8,-A0,.1 between the position difference A6,
at the elapsed time t=nT; and the position difference A8,.; at the elapsed time t=(n-1)T;. In
this way, the position difference generated per the first time period T, (i.e., per unit time) at
the elapsed time t=nT; is calculated. After that, the determination unit 1134 determines
whether or not AB,-A0y.1 is the first threshold @4 or higher.

If ABn-ABy.1 is the first threshold o5 or higher (*Yes" in Step S53), the determination
unit 1134 determines that the position difference excessiveness has occurred (Step S54) and
finishes the position difference excessiveness determination. On the other hand, if AB,-A0,.1
is lower than the first threshold ¢i1 ("No™ in Step S53), the determination unit 1134
determines that the position difference excessiveness has not occurred (Step S55) and finishes
the position difference excessiveness determination.

[0113] In this way, by calculating the difference between the position difference at a certain
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elapsed time and the position difference first time period T, before the elapsed time, the
position difference generated per the first time period T, (per unit time) can be calculated.
Further, by determining whether or not the position difference per the first time period T; is
the first threshold ¢@; or higher, the determination unit 1134 can detect a rapid position
difference change.

[0114] 1V. Excessive load duration detection method

Next, there is described a method for the determination unit 1134 to determine
whether or not the training rod 3 (the Y-axis direction tilt motor 135a) has applied an
excessive load (overload) on the limb continuously for a predetermined time period (the
second time period T,) (excessive load duration detection method). As the excessive load
duration detection method, there are (i) a method of detection using the feedback current
value, and (ii) a method of detection using the position difference. Hereinafter, the method
(1) and the method (ii) are respectively described.

[0115] (i) Excessive load duration detection method using feedback current value

First, the excessive load duration detection method using the feedback current value
is described with reference to Fig. 14. Fig. 14 is a flowchart illustrating an excessive load
duration detection method using the feedback current value.

First, when the excessive load duration detection is started, the feedback current
detection unit 1133 detects whether or not the feedback current I is the first current value 1; or
higher (Step S611). If the feedback current I is the first current value I, or higher ("Yes" in
Step S611), the process proceeds to Step S612. On the other hand, if the feedback current 1

is smaller than the first current value I; ("No" in Step S611), the determination unit 1134
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determines that the excessive load state has not continued (Step S614) and finishes the
excessive load duration detection.

[0116] Ifitis determined in Step S611 that the feedback current I is the first current value 1;
or higher ("Yes" in Step S611), the determination unit 1134 determines whether or not that
the state where the feedback current 1 is the first current value I, or higher has continued for
the second time period T, or longer (Step S612). If the state where the feedback current 1 is
the first current value 1; or higher has continued for the second time period T, or longer
("Yes" in Step S612), the determination unit 1134 determines that the excessive load state has
continued (Step S613) and finishes the excessive load duration detection.

On the other hand, if the continuation time which the feedback current I is the first
current value 11 or higher is shorter than the second time period T, ("No™ in Step S612), the
determination unit 1134 determines that the excessive load state has not continued (Step
S614) and finishes the excessive load duration detection.

[0117] Here, the excessive load duration detection using the feedback current value is
further described with reference to Fig. 15. Fig. 15 is a graph schematically illustrating a
relationship between an actual rotation speed of the motor and the speed instruction (the
instructed speed), and a temporal change of the feedback current | due to occurrence of a
speed difference. As illustrated in Fig. 15, when the constant speed instruction is executed,
it is supposed that three rotation speed changes (speed change (i), speed change (ii), and
speed change (iii)) have occurred in the Y-axis direction tilt motor 135a, for example. As
described above, when the constant speed instruction is executed, the Y-axis direction tilt

motor 135a is controlled to follow only the speed instruction.
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[0118] The speed change such as (i) in Fig. 15 occurs, for example, in a case where the
training apparatus 100 is operated in the guided mode, when a certain degree of auxiliary
force is applied to the limb in the training via the training rod 3 so that the limb movement
can follow the training program. The speed change such as (ii) in Fig. 15 occurs, for
example, in a case where the limb movement is substantially stopped for a short period in the
training but afterward the limb starts moving. The speed change such as (iii) in Fig. 15
occurs in a case where the limb movement cannot follow the training program even if the
auxiliary force is applied to the limb in the training.
[0119] First, a feedback current value change when the speed change (i) in Fig. 15 occurs is
described. At a certain elapsed time, a small speed difference (i) occurs for a reason that the
limb in the training can hardly follow the training program. In this case, the speed control
unit 1135-1 outputs a small first control amount corresponding to the small speed change.
This is apparent also from the expression Ky *xAv+KjxAv for calculating the first control
amount as described above. If the first control amount is small, the feedback current |
slowly increases ((1) in Fig. 15). It is because that the increase of the feedback current I is
caused by accumulation of the first control amount.  As the feedback current | increases, the
torque output from the Y-axis direction tilt motor 135a also slowly increases. It is because
the torque output from the motor changes in accordance with the feedback current I.

Further, when the torque output from the Y-axis direction tilt motor 135a increases to
a certain extent so that the limb movement in the training can follow the training program, the
speed difference is canceled. Further, when the speed difference is canceled, an increase of

the feedback current I is stopped.
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As illustrated in Fig. 15, the current value of the feedback current | after the speed

difference (i) is canceled is the first current value I, or smaller. This means that the torque
output from the Y-axis direction tilt motor 135a after the speed difference (i) is canceled is
not so large as the torque (excessive load) that forces the limb to move in the training. In
this case, the training of the limb can be continued.
[0120] In this way, when it is determined whether or not the feedback current I is the first
current value Iy or higher, it can be determined whether or not the Y-axis direction tilt motor
135a does not apply an excessive load on the limb via the training rod 3.  Accordingly, if the
current value of the feedback current | is smaller than the first current value I;, the
determination unit 1134 can determine that the excessive load state has not continued. As a
result, if the current value of the feedback current I is smaller than the first current value I, it
is determined that the Y-axis direction tilt motor 135a does not apply an excessive load on the
limb, and the training apparatus 100 can continue the training program of the limb.

Note that the first current value I, is appropriately set on the basis of a standard for

determining an excessive load. Accordingly, the first current value I, may be adjustable
based on a training level or the like.
[0121] On the other hand, if a large speed difference has occurred in a short period due to a
stop of the limb movement for a short period (corresponding to the speed change (ii) in Fig.
15), the current value of the feedback current | becomes larger than the first current value 1,
((2) in Fig. 15). However, the period while the current value of the feedback current I is
larger than the first current value I, is shorter than the second time period T».

In this case, the limb cannot follow the training program temporarily, but the limb
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movement can follow the training program in a period other than the period while it cannot
follow the training program. Also in this case, the training apparatus 100 can continue the
training of the limb.

[0122] Accordingly, if the period while current value of the feedback current I is the first
current value 1; or higher is the second time period T, or shorter, the determination unit 1134
determines that the excessive load state has not continued and does not determine an error.
As a result, the training apparatus 100 can continue the training program of the limb in the
case where the Y-axis direction tilt motor 135a applies an excessive load on the limb only
temporarily for a short period.

Note that the second time period T, is also set appropriately similarly to the first

current value I; on the basis of a reference time for determining that an excessive load has
continued. Accordingly, the second time period T, may also be adjustable in accordance
with the training level or the like.
[0123] On the other hand, if the speed difference is not canceled for a long period
(corresponding to the speed change (iii) in Fig. 15), the current value of the feedback current
| continues to increase as long as the speed difference is not canceled ((3) in Fig. 15). In
this case, the load applied on the limb continues to increase until the limb can follow the
training program. In this way, if the limb cannot follow the training program even if any
load is applied on the limb, it is preferred not to apply an excessive load on the limb.

Accordingly, if the state where the current value of the feedback current I is the first
current value I or higher continues for the second time period T, or longer, the determination

unit 1134 determines that the excessive load state has continued and determines an error.
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Further, in this embodiment, when an error has occurred, the feedback current I is limited to
the second current value I, (axlg). As a result, if the Y-axis direction tilt motor 135a applies
an excessive load on the limb for a long period, the feedback current | can be limited so that
the Y-axis direction tilt motor 135a does not apply an excessive load on the limb. In
addition, it is possible to prevent an excessive electric load from being applied on the control
unit 11 of the training apparatus 100.

[0124] Here, the change of the current value of the feedback current I in the case where the
speed change (i) to (iii) illustrated in Fig. 15 has occurred is compared with the change of the
current value of the feedback current | in the case where the speed change (iv) with a large
speed difference for a long period as illustrated in Fig. 16 has occurred. The speed change
(iv) with a large speed difference for a long period as illustrated in Fig. 16 occurs, for
example, in the case where the limb in the training is substantially unable to move.

When a speed change such as the speed change (iv) occurs, the feedback current |
increases in a short period up to a maximum current I that can be output to the Y-axis
direction tilt motor 135a. Further, the feedback current | does not decrease from the
maximum current lnax.

On the other hand, as illustrated in Fig. 15, in the change (1) to (3) of the feedback
current | in which the speed change (i) to (iii) has occurred, the feedback current | increases
relatively slowly (changes (1) and (3)) or becomes a current value above the first current
value I; in a short period (change (2)). Accordingly, by monitoring the change of the
feedback current 1, it is possible to determine whether a speed change causing a large speed

difference (a rapid change of the position difference), a speed change causing a small speed
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difference (a slow change of the position difference), or a large speed difference in a short
period.
[0125] (ii) Excessive load duration detection method using position difference

Next, the excessive load duration detection method using the position difference is
described with reference to Fig. 17. Fig. 17 is a flowchart illustrating the excessive load
duration detection method using the position difference. In the excessive load duration
detection method using the position difference, by determining whether or not a position
difference change amount per unit time (first time period T;) is within a predetermined range,
it is determined whether or not the excessive load state has continued.

Specifically, the accumulated time measuring unit 1136 first determines whether or
not the elapsed time t is a multiple nT; of the first time period T, and an integer n (Step S621).
If the elapsed time t is a multiple nT; of the first time period T, and an integer n ("Yes" in
Step S621), the process proceeds to Step S622. On the other hand, if the elapsed time t is
not a multiple nT; of the first time period T, and an integer n ("No" in Step S621), the
accumulated time measuring unit 1136 determines that the excessive load state has not
continued (Step S628) and finishes the excessive load duration detection.

[0126] If the elapsed time t is a multiple nTy of the first time period T, and an integer n
("Yes" in Step S621), the accumulated time measuring unit 1136 instructs the position
difference calculation unit 1132 to calculate the position difference A8, when the elapsed time
t is nT; (Step S622). Further, the accumulated time measuring unit 1136 stores the
calculated position difference as the accumulated and maintained position difference A6, at

the elapsed time t=nT; in the storage device of the motor control unit 113a or the like.
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[0127] Next, the accumulated time measuring unit 1136 determines whether or not the
position difference generated per the first time period T; is the second threshold ¢, or higher
(Step S623).  Specifically, the determination is performed as follows. First, the
accumulated time measuring unit 1136 reads out the position difference A0,.; accumulated
and maintained at the elapsed time t=(n-1)T; that was measured last time, from the storage
device of the motor control unit 113a or the like. Further, the accumulated time measuring
unit 1136 calculates the difference A0,-Ab,.1 between the position difference A6, at the
elapsed time t=nT; and the position difference A0,.; at the elapsed time t=(n-1)T;. In this
way, the position difference generated per the first time period T, (i.e., per unit time) at the
elapsed time t=nT; is calculated. After that, the accumulated time measuring unit 1136
determines whether or not A6,-A8,; is the second threshold ¢, or higher.
[0128] If AO,-ABn.1 is the second threshold ¢, or higher ("Yes" in Step S623), it is
determined to be the excessive load state. Further, the accumulated time measuring unit
1136 adds T, to the accumulated time ta so as to make a new accumulated time ta (Step
S624). In this way, the accumulated time measuring unit 1136 can measure the period while
the state where A6,-A6,.1 is the second threshold ¢, or higher (i.e., the excessive load state)
continues (the accumulated time ta). After the accumulated time ta is updated, the process
proceeds to Step S626.

On the other hand, if AB,-A0,.; is lower than the second threshold ¢, ("No" in Step
S623), the accumulated time measuring unit 1136 determines not to be the excessive load
state. Further, the accumulated time measuring unit 1136 resets the accumulated time ta to

zero (Step S625). After the accumulated time ta is reset, the process proceeds to Step S626.
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[0129] Further, in Step S623, it is not determined whether or not the difference A6,-ABp.1
between the position difference A8, at the elapsed time t=nT; and the position difference A1
at the elapsed time t=(n-1)T; is lower than the first threshold ¢i. It is because that the
excessive load duration detection is executed after it is determined in Step S5 of the flowchart
illustrated in Fig. 9 that the position difference excessiveness is not generated (i.e., "No" in
Step S5).  In other words, it is already determined in Step S5 that A0,-A6,.;1 IS lower than the
first threshold ;.

However, without limiting to this, the accumulated time measuring unit 1136 may

determine in Step S623 whether or not AB,-A6,.1 is lower than the first threshold o;.
[0130] In Step S626, the determination unit 1134 determines whether or not the
accumulated time ta is the third time period T3 or longer. |If it is determined that the
accumulated time ta is the third time period T; or longer (“Yes" in Step S626), the
determination unit 1134 determines that the excessive load state has continued (Step S627)
and finishes the excessive load duration detection.

On the other hand, if it is determined that the accumulated time ta is shorter than the
third time period T3 ("No" in Step S626), the determination unit 1134 determines that the
excessive load state has not continued (Step S628) and finishes the excessive load duration
detection.

[0131] The above-mentioned excessive load duration detection method using the position
difference is further described with reference to Fig. 18. Fig. 18 is a graph illustrating a
relationship between the actual tilt angle of the training rod 3 and the instructed tilt angle

indicated in the position instruction when the speed changes (i) to (iii) as illustrated in Fig. 15
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have occurred. In Fig. 18, the speed change (i) occurs between the elapsed time t=2T; and
the elapsed time t=3T;. Further, the position difference A0, at the elapsed time t at 2T, is
zero. Accordingly, it means that the position difference A03 per the first time period T; has
occurred when the elapsed time t becomes 3T;. However, because the integrated value over
time of the speed change (i) (corresponding to AB3-A0,) is small, when the elapsed time t
becomes 3T, the position difference AB3-A8, generated per the first time period T; is lower
than the second threshold ¢,. Accordingly, the accumulated time measuring unit 1136
determines not to be the excessive load state at the elapsed time t=3T5.

[0132] On the other hand, when the elapsed time t becomes 4T, the position difference
AB4-AO3 generated per the first time period Ty corresponds to the speed change (ii) and is the
second threshold ¢, or higher. As a result, the accumulated time ta is updated to Tj.
However, when the elapsed time t becomes 5T, the position difference ABs-A6, generated per
the first time period T; is lower than the second threshold ¢,. It is because the speed change
(i) is generated in a short period. In this case, at the elapsed time t=5T;, the accumulated
time ta is reset to zero. As a result, at the elapsed time t=5T, the determination unit 1134
determines that the excessive load state has not continued.

[0133] Further, after the elapsed time t=5T;, the speed change (iii) is generated. In this
case, at the elapsed time t=6T;, the position difference ABg-AOs generated per the first time
period T; is the second threshold ¢, or higher. As a result, the accumulated time ta is
updated to T;. In addition, also at the elapsed time t=7T;, the position difference A0;-Abg
generated per the first time period T; has substantially the same value as the position

difference ABs-ABs generated per the first time period T at the elapsed time t=6T, and is the
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second threshold ¢, or higher. As a result, at the elapsed time t=7T4, T; is added to the
accumulated time ta so that the accumulated time t is updated to 2T;.

Here, if the accumulated time ta is the third time period T3 or longer, the

determination unit 1134 determines that the excessive load state has continued.
[0134] From the comparison between Fig. 15 and Fig. 18 described above, it can be said
that the changes (1) to (3) of the feedback current I generated due to the speed changes (i) to
(iii) correspond well to the position difference change amount generated per unit time (the
first time period T;). In other words, if the change of the feedback current I illustrated in
Fig. 15is (1) or (2) in Fig. 15, a change amount of the position difference generated per the
first time period T, is also small. On the other hand, if the current value of the feedback
current | as (3) illustrated in Fig. 15 continues to increase, the position difference continued
to increase.

This indicates that the change of the feedback current | can also be predicted from
the position difference change amount generated per unit time. In other words, the change
of the load applied on the limb by the training rod 3 during the training, which is generated
due to the change of the feedback current I, can be detected from the position difference
change amount generated per unit time.

[0135] In this way, the accumulated time measuring unit 1136 measures the period while the
position difference generated per unit time (the first time period T,) is the second threshold ¢»
or higher (and lower than the first threshold ¢;), and hence the period while the slow position
difference change continues (the accumulated time ta) can be measured. At the same time,

the change of the load applied on the limb, which is generated due to a speed change as the
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speed changes (i) to (iii), can also be monitored. Further, by measuring the period while the
slow position difference change continues (the accumulated time ta), it is possible to
determine whether or not the state where an excessive load is applied on the limb (the
excessive load state) has occurred continuously.

[0136] Further, when detecting the excessive load duration, as illustrated in Figs. 7B and 7C,
the motor control unit 113a (113b or 113c) including both the feedback current detection unit
1133 and the accumulated time measuring unit 1136 may be capable of selecting whether to
detect the excessive load duration on the basis of the feedback current | or to detect the
excessive load duration on the basis of the position difference.

In this way, if the feedback current | cannot be detected due to a malfunction of the
feedback current detection unit 1133, or if the position difference cannot be calculated due to
a malfunction of the accumulated time measuring unit 1136 (the tilt angle calculation unit
1131, the position difference calculation unit 1132, or the first rotation information detection
sensor 135a-1), it is possible to determine whether or not the excessive load state has
occurred continuously on the basis of the other measured amount that can be normally
detected or calculated.

[0137] In addition, the second threshold ¢ is a threshold for determining that an excessive
load is not applied on the limb of the patient. The excessive load duration determination can
be appropriately used in a case where it is necessary to determine an error in such a case
where (1) a difficulty level of the set training program is too high for the patient to
appropriately carry out the training program, and/or (2) a life span of a component of the

training apparatus 100 is approaching and there is a sign that the component will be broken
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down soon.

As a result, on the basis of the excessive load duration determination, the patient can
carry out the appropriate training program in accordance with the symptoms.
[0138] (6) Effects of this embodiment

Hereinafter, effects of this embodiment are described.

The training apparatus 100 (an example of the training apparatus) is a training
apparatus for training an upper limb and/or a lower limb of a patient (an example of the
patient) in accordance with a training program (an example of the training program). The
training apparatus 100 includes the fixed frame 1 (an example of the fixed frame), the
training rod 3 (an example of the training rod), the X-axis direction tilt motor 135b (an
example of the motor), the Y-axis direction tilt motor 135a (an example of the motor), the
first rotation information detection sensor 135a-1 (an example of the rotation information
detection sensor), the second rotation information detection sensor 135b-1 (an example of the
rotation information detection sensor), the tilt angle calculation unit 1131 (an example of the
tilt angle calculation), the feedback current detection unit 1133 (an example of the feedback
current detection unit), the position difference calculation unit 1132 (an example of the
position difference calculation unit), and the determination unit 1134 (an example of the
determination unit). The fixed frame 1 is placed on or in the vicinity of a floor. The
training rod 3 is supported by the fixed frame 1 in a manner capable of tilting about at least
the X-axis or the Y-axis (an example of the predetermined tilting axis). Further, the training
rod 3 holds the limb. The X-axis direction tilt motor 135b and the Y-axis direction tilt motor

135a tilt the training rod 3 about the X-axis and the Y-axis, respectively. The first rotation
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information detection sensor 135a-1 and the second rotation information detection sensor
135b-1 output an amount of rotation of the Y-axis direction tilt motor 135a and an amount of
rotation of the X-axis direction tilt motor 135b, respectively. The tilt angle calculation unit
1131 calculates a tilt angle of the training rod 3 (an example of the tilt angle) on the basis of
the amount of rotation of the X-axis direction tilt motor 135b and the amount of rotation of
the Y-axis direction tilt motor 135a. The feedback current detection unit 1133 detects
current values of the feedback currents | (an example of the feedback current values) of the
X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a. The position
difference calculation unit 1132 calculates a position difference (an example of the position
difference) every time when the first time period T, (an example of the first time period)
elapses. Here, the position difference is a difference between an actual tilt angle of the
training rod 3 and the instructed tilt angle that is an tilt angle of the training rod 3 instructed
by the training program (an example of the instructed tilt angle). The determination unit
1134 determines an error if the position difference generated in the first time period T; is the
first threshold ¢; (an example of the first threshold) or higher, or if the current value of the
feedback current | keeps the first current value 1; (an example of the first current value) or
higher for the second time period T, (an example of the second time period) or longer.

[0139] In the training apparatus 100, when the X-axis direction tilt motor 135b and the
Y-axis direction tilt motor 135a control the training rod 3, the position difference calculation
unit 1132 calculates the position difference every first time period T;. Further, when the
position difference generated in the first time period T; becomes the first threshold ¢; or

higher, the determination unit 1134 determines that there is a malfunction in the training
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apparatus 100 or that the position difference has rapidly changed in a short period, so as to
determine an error.

On the other hand, when the X-axis direction tilt motor 135b and the Y-axis direction
tilt motor 135a control the training rod 3 in the same manner, the feedback current detection
unit 1133 monitors current values of the feedback currents | supplied to the X-axis direction
tilt motor 135b and the Y-axis direction tilt motor 135a. Further, if the state where the
current value of the feedback current 1 is the first current value I, or higher has continued for
the second time period T, or longer, the determination unit 1134 similarly determines that
there is a malfunction in the training apparatus 100 or that a slow position difference change
has continued for a long period so as to determine an error.
[0140] In this way, the training apparatus 100 monitors a change amount of the position
difference per the first time period T;. Accordingly, the determination unit 1134 can
determine that the position difference has rapidly changed in a short period with reference to
the first time period T; if the change amount of the position difference per the first time
period T, is large. Further, if a rapid position difference change in a short period has
occurred, the determination unit 1134 can determine an error.
[0141] In addition, the training apparatus 100 monitors the current values of the feedback
currents | input to the X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a
so as to monitor torques necessary for the X-axis direction tilt motor 135b and the Y-axis
direction tilt motor 135a to tilt the training rod 3.

Further, the training apparatus 100 controls the training rod 3 to be at the tilt angle

instructed by the training program, and hence the current value of the feedback current I
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changes in accordance with a level of the position difference change. Accordingly, it is
possible to monitor whether a slow position difference change has occurred or a rapid
position difference change has occurred, on the basis of the current value of the feedback
current | and the predetermined determination time period.

In addition, the determination unit 1134 determines an error when the state where
the current value of the feedback current I is the first current value 1; or higher continues for
the second time period T, or longer. In this way, in the determination time period, if the
position difference is within a constant range, i.e., if the training rod 3 (the X-axis direction
tilt motor 135b and the Y-axis direction tilt motor 135a) does not apply an excessive load on
the limb of the patient, or if the position difference slowly changes (if the limb of the patient
follows the movement of the training rod 3 to a certain extent so that the training can be
continued), the determination unit 1134 can control the training rod 3 so that the training is
continued until the second time period T».

[0142] The training rod 3 is expandable and contractible in the longitudinal axis direction
(an example of the longitudinal axis direction). Because the training rod 3 is expandable
and contractible in the longitudinal axis direction, the training of the upper limb or the lower
limb in the longitudinal direction of the training rod 3 can be also carried out.

[0143] The training apparatus 100 further includes the training instruction unit 5 (an
example of the information providing unit). The training instruction unit 5 provides the user
with visual or auditory information when the determination unit 1134 determines an error.

In this way, the patient and the user of the training apparatus 100 can be notified

about a status of the training apparatus 100, i.e., that an error has occurred in the training
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apparatus 100 and/or about a cause of the error.

[0144] When the patient has moved the training rod 3 to reach the target tilt angle (an
example of the preset passing point in the training route set by the training program), the
training instruction unit 5 provides the user with visual information and/or auditory
information. In this way, the user can know that the training rod 3 has been operated just in
accordance with the training program. In addition, because the patient is provided with the
visual or auditory information when the patient has moved the training rod 3 to reach the
preset passing point, the patient can maintain a motivation to continue the training.

[0145] The training apparatus 100 further includes the feedback current limiting unit 1137
(an example of the feedback current limiting unit). When the determination unit 1134
determines an error, the feedback current limiting unit 1137 limits the current values of the
feedback currents | of the X-axis direction tilt motor 135b and the Y-axis direction tilt motor
135a to the appropriately preset second current value I, (an example of the second current
value).

In this way, when an error has occurred in the training apparatus 100, torques output
from the X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a can be
limited. As a result, the training rod 3 can be controlled for carrying out the rehabilitation
without applying an excessive load on the patient during the training.

[0146] The second current value I is a current value axlr (an example of the current value)
as an multiple of the rated current Iz (an example of the rated current) of capable being
supplied to the X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a and a

predetermined number "a" smaller than one (an example of the predetermined). In this way,
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the rated current I is not supplied to the X-axis direction tilt motor 135b and the Y-axis
direction tilt motor 135a for a long period. As a result, the training rod 3 can be controlled
without applying an excessive load on the patient.

In addition, an excessive electric load can be avoided from being applied on the

control unit 11 of the training apparatus 100.
[0147] The training apparatus 100 further includes the accumulated time measuring unit
1136. The accumulated time measuring unit 1136 measures the accumulated time ta (an
example of the accumulated time) in which the position difference generated in the first time
period T; is the second threshold ¢, (an example of the second threshold) or higher and is
lower than the first threshold ¢;. Here, the second threshold ¢, is lower than the first
threshold ;. In this case, the determination unit 1134 determines an error when the
accumulated time ta is the third time period T3 (an example of the third time period) or
longer.

Because the accumulated time measuring unit 1136 measures the time in which the
position difference generated in the first time period T; is the second threshold ¢, or higher
and lower than the first threshold @1, the period while the slow position difference change
continues (the accumulated time ta) can be measured. In addition, because the
determination unit 1134 determines an error if the accumulated time ta is the third time
period T3 or longer, the training can be continued for the third time period T3 with respect to
the slow position difference change.

The second threshold ¢ is a threshold for determining that an excessive load is not

applied on the limb of the patient, and hence an error generated in this case can be
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appropriately used for detecting a case where the difficulty level of the set training program is
too high for the patient to appropriately carry out the training program or a case where there
IS a sign that a component of the apparatus is gradually broken. On the basis of this
determination, the patient can carry out an appropriate training program in accordance with
the symptoms.
[0148] The training apparatus 100 further includes the instruction generation unit 111 (an
example of the instruction generation unit) and the motor drive unit 1135 (an example of the
motor drive unit). The instruction generation unit 111 generates the speed instruction (an
example of the speed instruction), which is an instruction for controlling the rotation speeds
(an example of the speeds) of the X-axis direction tilt motor 135b and the Y-axis direction tilt
motor 135a, in accordance with the training program. The motor drive unit 1135 drives the
X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a on the basis of the
speed instruction. In addition, the speed instruction includes at least an acceleration
instruction (an example of the acceleration instruction) for accelerating the X-axis direction
tilt motor 135b and the Y-axis direction tilt motor 135a and a deceleration instruction (an
example of the deceleration instruction) for decelerating the X-axis direction tilt motor 135b
and the Y-axis direction tilt motor 135a.  Further, the motor drive unit 1135 drives the X-axis
direction tilt motor 135b and the Y-axis direction tilt motor 135a so as to accumulate and
maintain the position difference when the acceleration instruction is executed.

Using the speed instruction generated by the instruction generation unit 111, which
includes at least the acceleration instruction and the deceleration instruction, the X-axis

direction tilt motor 135b and the Y-axis direction tilt motor 135a are driven, and hence the
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X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a can be smoothly
operated in accordance with the training program and a patient's operation. As a result, the
patient can operate the training rod 3 as intended.

In addition, the motor drive unit 1135 drives the X-axis direction tilt motor 135b and

the Y-axis direction tilt motor 135a so that the position difference is accumulated and
maintained when the acceleration instruction is executed, and hence the patient can continue
the training using the training apparatus 100 even if the position difference occurs when the
patient starts or stops the training rod 3 in particular when the acceleration instruction is
executed, which is apt to cause the position difference in a short period. In addition,
because the position difference is accumulated and maintained, a state of the limb of the
patient during the training can be grasped on the basis of the accumulated and maintained
amount of the position difference.
[0149] The speed instruction further includes the constant speed instruction (an example of
the constant speed instruction). The constant speed instruction is an instruction for rotating
the X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a at a constant
rotation speed. In addition, the constant speed instruction is disposed before or after the
acceleration instruction or the deceleration instruction. In addition, the motor drive unit
1135 drives the X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a so
that the position difference is accumulated and maintained when the constant speed
instruction is executed.

Because the speed instruction further includes the constant speed instruction, the

X-axis direction tilt motor 135b and the Y-axis direction tilt motor 135a can be smoothly
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operated at a constant speed on the basis of the feedback current value even if the training rod
3 is operated at a large tilt angle. In addition, because the X-axis direction tilt motor 135b
and the Y-axis direction tilt motor 135a are driven so that the position difference is
accumulated and maintained when the constant speed instruction is executed, the patient can
continue the training using the training apparatus 100 even if a relatively large torque is
required and hence the position difference is apt to occur, for example, even if the training
rod 3 is operated at a large tilt angle.
[0150] When the acceleration instruction and/or the constant speed instruction is executed,
the motor drive unit 1135 drives the X-axis direction tilt motor 135b and the Y-axis direction
tilt motor 135a so as to follow only the speed instruction. In this way, when the acceleration
instruction is executed and/or when the constant speed instruction is executed, the X-axis
direction tilt motor 135b and the Y-axis direction tilt motor 135a can be driven regardless of
the position difference. As a result, even if a relatively large motor torque is required, and
hence a position difference is apt to occur, for example, even if the training rod 3 is operated
at a large tilt angle, the patient can continue the training using the training apparatus 100.
[0151] The instruction generation unit 111 further generates the position instruction (an
example of the position instruction) for controlling the tilt angle of the training rod 3 in
accordance with the training program. In addition, when the deceleration instruction is
executed, the motor drive unit 1135 drives the X-axis direction tilt motor 135b and the Y-axis
direction tilt motor 135a so as to follow the speed instruction and the position instruction.

In this way, the motor drive unit 1135 can control the X-axis direction tilt motor

135b and the Y-axis direction tilt motor 135a so that the training rod 3 can reach the target tilt
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angle instructed by the training program with a difference as small as possible. As a result,
when the position information of the training rod 3 is fed back as visual information to the
patient, this position information can be appropriately used.
[0152] When the tilt angle reaches the instructed tilt angle 04 (an example of the
deceleration start position), the motor drive unit 1135 resets the accumulated and maintained
position difference. In this way, when the speed is decreased, it is possible to prevent
excessive increases of the rotation speeds of the X-axis direction tilt motor 135b and the
Y-axis direction tilt motor 135a due to temporary increase of the position difference and
correction of the position difference. As a result, the patient can continue the training.
[0153] 2. Other embodiments

Although an embodiment of the present invention is described above, the present
invention is not limited to the embodiment but can be modified variously within the scope of
the spirit of the invention. In particular, a plurality of embodiments and variations described
in this specification can be arbitrarily combined as necessary.

(A) Another embodiment concerning motor control

In the first embodiment described above, only when the deceleration instruction of
the speed instruction is executed, the Y-axis direction tilt motor 135a (the X-axis direction tilt
motor 135b or the expansion/contraction motor 359) is controlled so that the tilt angle of the
training rod 3 follows the instructed tilt angle instructed by the position instruction (position
control). However, this is not a limitation. Also when the acceleration instruction of the
speed instruction is executed and/or when the constant speed instruction is executed, the

Y-axis direction tilt motor 135a (the X-axis direction tilt motor 135b or the
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expansion/contraction motor 359) may be controlled by the position control and the speed
control. In this case, the switching unit 1135-8 of the motor drive unit 1135 is not necessary
in particular.
[0154] When the acceleration instruction of the speed instruction is executed and/or when
the constant speed instruction is executed, if the Y-axis direction tilt motor 135a (the X-axis
direction tilt motor 135b or the expansion/contraction motor 359) is controlled by the position
control, it is preferred to adjust the control gains Ky, and K, or to adjust the weighting value
of the second control amount of the combining unit 1135-7 so that the tilt angle speed of the
training rod 3 does not become excessively large.

In this way, the tilt angle of the training rod 3 can follow the instructed tilt angle
without excessively increasing the tilt angle speed of the training rod 3.
[0155] (B) Another embodiment when error occurs

In the first embodiment described above, when the determination unit 1134
determines an error, the feedback current | supplied to the Y-axis direction tilt motor 135a
(the X-axis direction tilt motor 135b or the expansion/contraction motor 359) is limited to the
second current value I,. However, this is not a limitation. When the determination unit
1134 determines an error, it is possible to stop the control (rotation) of the Y-axis direction tilt
motor 135a (the X-axis direction tilt motor 135b or the expansion/contraction motor 359).
Alternatively, it is possible to stop the training program.

In this way, when the determination unit 1134 determines an error, it is possible to

securely stop the training apparatus 100.
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INDUSTRIAL APPLICABILITY
[0156] The present invention can be widely applied to a training apparatus including a

training rod driven by a motor, for carrying out training of a limb of a patient in accordance

10
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20

with a predetermined training program.

REFERENCE SIGNS LIST

[0157]

100 training apparatus

1 fixed frame

11 control unit

111 instruction generation unit

113a, 113b, 113c  motor control unit
1131 tilt angle calculation unit

1132 position difference calculation unit
1133 feedback current detection unit
1134 determination unit

1135 motor drive unit

1135-1 speed control unit

1135-2 position control unit

1135-3 speed calculation unit
1135-4 power supply unit

1135-5 current limiting unit
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1135-6a first difference calculation unit
1135-6b second difference calculation unit
1135-7 combining unit

1135-8 switching unit

1135-9 position difference setting unit
1136 accumulated time measuring unit
1137 feedback current limiting unit

13 training rod tilt mechanism

131 X-axis direction tilt member

131a, 131b shaft

133 Y-axis direction tilt member

133a, 133b  shaft

135a Y-axis direction tilt motor

135a-1 first rotation information detection sensor

135b X-axis direction tilt motor

135b-1 second rotation information detection sensor

15a, 15b training rod tilt mechanism fixing member

3 training rod

31 limb support member

33 fixed stay

35 expansion/contraction mechanism

351 movable stay
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353 cover

355 nut

357 threaded shaft

359 expansion/contraction motor
359-1 third rotation information detection sensor
37 guide rail

5 training instruction unit

7 fixing member

9 chair

91 chair connecting member

| feedback current

I, first current value

I, second current value

Imax Maximum current

Ir rated current

Kov, Kiv  control gain in speed control
Kop, Kpv — control gain in position control
S,S' space

T, first time period

T, second time period

T3 third time period

n integer
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t, ty, to, t3, tg, ts, toc, taa, tay b €lapsed time

ta accumulated time

Av  speed difference

0q¢ (instructed) tilt angle corresponding to deceleration start position

ABga, ABa, ABg, AB,, ABn.1, A, AD3, AB4, ABs, ABg, AB;  position difference
@1 first threshold

¢z second threshold
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CLAIMS

1. Atraining apparatus for training upper and/or lower limbs of a user in accordance with a
predetermined training program, the training apparatus comprising:

a fixed frame placed on or in the vicinity of a floor;

a training rod supported by the fixed frame in a manner capable of tilting about a
predetermined tilting axis with at least one degree of freedom, so as to hold a limb;

a motor configured to tilt the training rod about the tilting axis;

a rotation information detection sensor configured to output an amount of rotation of
the motor;

a tilt angle calculating unit configured to calculate a tilt angle of the training rod on
the basis of the amount of rotation of the motor;

a feedback current detection unit configured to detect a feedback current of the
motor;

a position difference calculating unit configured to calculate a position difference
every time when a predetermined first time period elapses, the position difference being a
difference between an actual tilt angle of the training rod and an instructed tilt angle of the
training rod instructed by the training program; and

a determination unit configured to determine an error when the position difference
during the first time period is a predetermined first threshold or higher, or when the feedback
current is kept at a first current value or higher for a predetermined second time period or

longer.
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2. The training apparatus according to claim 1, wherein the training rod is capable of

expanding and contracting in a longitudinal axis direction.

3. The training apparatus according to claim 1 or 2, further comprising an information
providing unit configured to provide the user with visual or auditory information when the

determination unit determines an error.

4. The training apparatus according to claim 3, wherein the information providing unit
provides the user with the visual or auditory information when the user has moved the

training rod to reach a preset passing point in a training route set by the training program.

5. The training apparatus according to any one of claims 1 to 4, wherein rotation of the

motor is stopped when the determination unit determines an error.

6. The training apparatus according to any one of claims 1 to 4, further comprising a
feedback current limiting unit configured to limit the feedback current of the motor to a
predetermined second current value or lower when the determination unit determines an

error.

7. The training apparatus according to claim 6, wherein the second current value is
calculated by multiplying a rated current of the motor by a predetermined number smaller

than one.
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8. The training apparatus according to any one of claims 1 to 7, further comprising an
accumulated time measuring unit configured to measure an accumulated time when the
position difference during the first time period is a second threshold or higher and lower than
the first threshold, the second threshold being less than the first threshold, wherein

the determination unit determines the error when the accumulated time is a

predetermined third time period or longer.

9. The training apparatus according to any one of claims 1 to 8, further comprising:

an instruction generation unit configured to generate a speed instruction for
controlling a speed of the motor in accordance with the training program; and

a motor drive unit configured to drive the motor in accordance with the speed
instruction; wherein

the speed instruction includes at least one of an acceleration instruction for
accelerating the motor and an deceleration instruction for decelerating the motor, and

the motor drive unit drives the motor so that the position difference is accumulated

and maintained when the acceleration instruction is executed.

10. The training apparatus according to claim 9, wherein
the speed instruction further includes a constant speed instruction for rotating the
motor at a constant speed before or after the acceleration instruction or the deceleration

instruction, and
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the motor drive unit drives the motor so that the position difference is accumulated

and maintained when the constant speed instruction is executed.

11. The training apparatus according to claim 9 or 10, wherein the motor drive unit drives
the motor so as to follow only the speed instruction when the acceleration instruction and/or

the constant speed instruction is executed.

12. The training apparatus according to any one of claims 9 to 11, wherein

the instruction generation unit further generates a position instruction for controlling
the tilt angle of the training rod in accordance with the training program, and

the motor drive unit drives the motor so as to follow the speed instruction and the

position instruction when the deceleration instruction is executed.

13. The training apparatus according to any one of claims 9 to 12, wherein the accumulated
position difference is reset when the tilt angle of the training rod reaches a deceleration start

position.



