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(54) EXERCISE AID DEVICE

(57) A housing 1 is provided with a left foot support
2aand the right foot support 2b each of which is provided
for bearing the user’s foot thereon. A drive unit 3 is con-
figured to vary an upper surface angle of each of the left
foot support 2a and the right foot support relative to hor-
izontal plane. Each of the left foot support 2a and the
right foot support 2b is driven to move within a swing
range.

When one of the left foot support 2a and the right foot
support 2b has its front end being located at an upper
end of the swing range, the other of the left foot support
2a and the right foot support 2b has its front end being
located at a lower end of the swing range. Both of a left
ankle joint and a right ankle joint are alternately dorsi-
flexed and plantarflexed. Consequently, it is possible to
obtain an exercise assisting device being configured to
bend and stretch lower legs to stimulate lower leg mus-
cles.
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Description
TECHNICAL FIELD

[0001] This present invention relates to an exercise
assisting device which assists a user to stretch ones leg
muscles with an aid of external forces mainly in a standing
posture.

BACKGROUND ART

[0002] In the past, there have been proposed various
types of exercise assisting devices which assist a user
to stretch ones muscles without effort but with an aid of
external forces being applied to the user in order to give
an exercise effect. The devices are known to be classified
into two types, one being configured to apply a force of
bending joints of the user for stretching the muscles as-
sociated with the joints, and the other configured to apply
a stimulus to a user’s body to cause a nervous reflex by
which associated muscles are forced to stretch.

[0003] Further, the devices are designed to require the
user to take different postures depending upon the mus-
cles to be stretched. One example of the devices is to
simulate awalking by the user ata standing posture main-
ly for the purpose of preventing osteoarthritis or walk-
training, as proposed in JP 2003-290386. Hereinafter,
JP 2003-290386 is called as PATENT DOCUMENT 1.
[0004] PATENT DOCUMENT 1 discloses a training
device which includes a pair of steps bearing thereon left
and right feet of the user, and is configured to interlock
the reciprocating movements of the left and right steps
for providing a skating simulation exercise to the user.
The device is designed to adjust a phase difference of 0
to 360 degrees between the left and right steps with re-
gard to the forward/rearward movements as well as to
the lateral movements, and is initially set to have the
phase difference of 180 degrees and to vary the phase
difference in a direction of increasing a period in which
the left and right steps moves forward/rearward together.
The steps are driven by a driving mechanism to move so
that the user can enjoy the passive exercise simply by
placing one’s feet on the steps and without making an
effort or active movement.

[0005] Further, the device of PATENT DOCUMENT 1
is arranged to shift the user’s weight along forward/rear-
ward direction and also along lateral direction such that
the user makes the use of one’s nervous reflex to keep
a balance with an effect of stretching the muscles. The
steps are caused to move substantially in parallel with
each other so that the weight of the user shifts simulta-
neously in the forward/rearward direction and the lateral
direction.

[0006] However, inthe configuration of PATENT DOC-
UMENT 1, it is not possible to adjust a various range of
an angle of an ankle’s joint to a desired angle. For ex-
ample, when the various range of the angle of the ankle’s
joint becomes larger, an effect of stretching the leg mus-
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cles such as gastronemius muscle becomes larger.
Therefore, it is possible to increase venous flow. How-
ever,thedeviceinPATENT DOCUMENT 1is not capable
of providing such effect sufficiently. In addition, dorsiflex-
ion and plantarflex of the ankle’s jointis caused according
to frontward/rearward movement in walking, while the
various angle of the ankle’s joint becomes smaller com-
paratively. Such a motion which links the movement of
the foot in walking to the various angle of the ankle’s joint
is not realized by the device in PATENT DOCUMENT 1.
Therefore, it is impossible for the exercise assisting de-
vice in PATENT DOCUMENT 1 to train cooperativeness
between the muscles in rehabilitation training.

DISCLOSURE OF THE INVENTION

[0007] The invention is achieved to solve the above
problem. An object in this invention is to provide an ex-
ercise assisting device. The exercise assisting device in
this invention is configured to stimulate leg muscles as
well as to stimulate lower leg muscles by bending and
stretching the ankle joint.

[0008] Tosolve the problem, the exercise assisting de-
vice comprises a left foot support, a right foot support, a
drive unit, and a frame. The left foot support and the right
foot support are respectively configured to bear a user’s
left foot and right foot. The drive unit is configured to
displace at least one of the left and right foot supports.
The frame is configured to mount the left and the right
foot supports and the drive unit. Each of the left and right
foot supports is arranged to prescribe a foot position on
which the foot is placed. The drive unit includes a swing
drive which is configured to vary an angle of a top surface
angle of at least one of the left and right foot supports
relative to the frame for varying an ankle joint angle.
[0009] Inthis case, the exercise assisting device com-
prises the swing drive which is configured to vary the top
surface angle of at least one of the left and right foot
supports relative to the top plane of the frame in order to
vary ankle joint angle. Therefore, the swing drive makes
it possible to bend and stretch the ankle joint by varying
the top surface angle of at least the left foot support and
the right foot support. Consequently, itis possible to stim-
ulate lower leg muscles such as gastrocnemius muscles
by plantarflexing and dorsiflexing the ankle joint. Expan-
sion and contraction of the lower leg muscles facilitates
venous flow. Therefore, the expansion and the contrac-
tion of the lower leg muscles facilitates the flow of blood.
In addition, the exercise assisting device allows the ankle
joint to bend and stretch. Therefore, the exercise assist-
ing device is capable of improving motion range of the
ankle joint of the user who stands on the left foot support
and the right foot support. In short, previously, a training
of improving motion range of the ankle joint requires hu-
man resources. However, the exercise assisting device
makes it possible to improve the motion range of the an-
kle joint by oneself, not requiring human resources.
[0010] Also to solve the problem, the passive exercise
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assisting device comprises a left foot support, a right foot
support, a drive unit, and a frame. The left foot support
and the right foot support respectively configured to bear
auser’s left foot and right foot. The drive unitis configured
to displace at least one of the left and right foot supports.
The frame is configured to mount the left and right foot
supports and the frame. Each of the left and right foot
supports is arranged to prescribe a foot position on which
the foot is placed. The drive unit includes a slide drive
and a swing drive. The slide drive is configured to slide
the left and right foot supports along a movement plane
defined on the side of the frame. The swing drive is con-
figured to vary a top surface angle of at least one of the
left and right foot supports relative to a top plane of the
frame for varying the ankle joint angle.

[0011] With this configuration, the exercise assisting
device comprises the slide drive and the swing drive. The
slide drive is configured to slide at least one of the left
and right foot supports. The swing drive is configured to
vary the top surface angle of at least one of the left and
right foot supports so as to vary ankle joint angle. There-
fore, the exercise assisting device is capable of applying
the passive exercise to user’s leg muscle in order to stim-
ulate the user’'s leg muscle by the slide drive which slides
at least one of the left foot support and the right foot sup-
port. In addition, the swing drive is configured to vary at
least one of the top surface angle of the left foot support
and the right foot support in order to bend and stretch
the user’s ankle joint. Therefore, the exercise assisting
device is configured to stimulate the lower leg muscles
such as gastrocnemius by planerflexing and dorsiflexing
the user’s ankle joint. The expansion and the contraction
of the leg muscles increase the venous flow, thereby
leading to improvement of increase of blood circulation.
Further, the exercise assisting device bends and stretch-
es the ankle joint by the passive exercise, the device is
capable of applying load to the ankle joint of the user in
the standing posture by using the user’s center of gravity.
The load allows the ankle joint to improve the range of
the ankle joint. That is, previously, human resources is
required to improve the motion range of the ankle joint.
However, the exercise assisting device makes it possible
to improve the motion range of the ankle joint by oneself.
At the same moment, the exercise assisting device al-
lows the ankle joints to bend and stretch in accordance
with the slide of the left foot support and the right foot
support. Consequently, the exercise assisting device
with this configuration allows the user to positively ex-
pand and contract the user’s ankle joint, and allows the
user to exercise similar to walking training.

[0012] Itis preferred that the swing drive is configured
to swing at least one of the left and right foot supports
about a predetermined axle for varying the top surface
angle relative to a top plane of the frame. The axle is
positioned to have its axis extending through the ankle
joint.

[0013] With this configuration, the axle is disposed to
have its extended line passing through the ankle joint.
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Therefore, at least one of the left foot support and the
right foot support swings about a swing center of the axle
which approximately corresponds to a swing center of
the ankle joint, and the knee joint does not bend without
moving the ankle joint upward and downward while
swinging. Consequently, it is possible to reduce the load
applied to the ankle joint and the knee joint. In addition,
the exercise assisting device allows the gastrocnemius
to expand and contract as well as allows the ankle joint
to bend and stretch. Therefore, the exercise assisting
device is configured to strengthen the lower leg muscle
and to improve the range of ankle joint.

[0014] Itis preferred that the swing drive is configured
to swing at least one of the left and right foot supports
about a predetermined axle for varying the top surface
angle relative to a top plane of the frame. The axle is
positioned immediately below the ankle joint.

[0015] With this configuration, the axle is disposed be-
low the ankle joint, and is disposed to pass through the
position immediately below the ankle joint. Therefore, it
is possible to dispose the drive unit below the left foot
support and the right foot support. Therefore, this con-
figuration makes it possible for the exercise assisting de-
vice to have no projection which lies on an upper of the
left foot support and the right foot support. Consequently,
it is possible to provide the exercise assisting device of
thin shape. Further, this exercise assisting device houses
the above components which are arranged easily to man-
ufacture. Therefore, it is possible to provide the exercise
assisting device which is inexpensive. Although the po-
sition of the ankle joint moves upward and downward
when at least one of the left foot support and the right
foot support swings about the axle, distance between the
axle and the ankle joint is designed to have a minimum
distance, while the axle which extend immediately below
the ankle joint being arranged below the left foot support
and the right foot support. Therefore, it is possible to min-
imize the load applied to the ankle joint.

[0016] Itis preferred that the swing drive is configured
to swing at least one of the left and right foot supports
about a predetermined axle for varying the top surface
angle relative to a top plane of the frame. The axle is
positioned below the foot bottom and offset forward or
rearward relative to the ankle joint.

[0017] With this configuration, the exercise assisting
device has the axle being disposed below the foot bottom
to be located at a position offset forward or rearward to
the ankle joint. Therefore, it is possible to dispose the
drive unit being located lower than the left foot support
and the right foot support. Therefore, this configuration
makes it possible for the exercise assisting device to have
no projection whichlies on an upper of the left foot support
and the right foot support. Consequently, it is possible to
provide the exercise assisting device having thin shape.
Further, the exercise assisting device with this configu-
ration is configured to have components which are easily
arranged. Therefore, itis possible to provide the exercise
assisting device which is inexpensive. In addition, the
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swing drive swings at least one of the left foot support
and the right foot support about the axle so as to move
the ankle joint upward and downward. Therefore, the ex-
ercise assisting device allows the left ankle joint to have
height which is different from height of the right ankle
joint. Therefore, the exercise assisting device causes re-
flex to keep balance in a lateral direction by the knee
joint, hip joint, and upper body. As a result, the exercise
assisting device is capable of applying stimulation to the
muscles of the knee joint, the hip joint, and the upper
body.

[0018] Itis preferred that the swing drive is configured
to swing at least one of the left and right foot supports
about a predetermined axle for varying the top surface
angle relative to top plane of the frame. The swing drive
is configured to vary a vertical position of the axle in ac-
cordance with the varying top surface angle.

[0019] In this case, the swing drive moves the axle to
vary vertical position according to the angle variation of
at least one of the left foot support and the right foot sup-
port, thereby varying vertical position of the ankle joint.
Therefore, the exercise assisting device allows the left
ankle joint to have height which is different from height
of the right ankle joint so as to cause the reflex to keep
balance in the lateral direction by the knee joint, the hip
joint, and the upper body. As a result, the exercise as-
sisting device is capable of applying the stimulation to
the muscles of the knee joint, the hip joint, and the upper
body.

[0020] Itis also preferred that the foot position is pre-
scribed to put toe of the user’s left foot on the left side
away from its heel for the left foot support. The foot po-
sition is prescribed to put toe of the user’s right foot on
the right side away from its heel for the right foot support.
The swing drive is configured to vary the top surface an-
gle of each of the left and right foot supports relative to
the top plane of the frame in a movable direction about
the ankle joint of the user’s foot held in the prescribed
position.

[0021] With this configuration, distance between the
left toe and the right toe is larger than distance between
the left heel and the right heel in a condition where the
user uses the exercise assisting device with the standing
posture on the left foot support and the right foot support.
Therefore, the user is able to stand on the left foot support
and the right foot support with releasing tension, thereby
the user is able to use the exercise assisting device with-
out receiving shearing force to the knee joint and the
ankle joint. The left foot support and the right foot support
respectively have its top surfaces angle. The swing drive
varies at least one of the top surface angles toward a
movable direction of the foot around the ankle joint.
Therefore, the exercise assisting device applies no
shearing force to the ankle joints when the angle of the
left foot support and the right foot supportis varied, there-
by the user being able to use the exercise assisting de-
vice with low load to the ankle joint.

[0022] Itis also preferred that each of the left foot sup-
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port and the right foot support is provided with positioning
means. This positioning means prompts the placement
of the user’s foot on the prescribed position.

[0023] With this configuration, the positioning means
of the left foot support and the right foot support prompt
the placement of the user’s foot. Therefore, this config-
uration makes it possible to apply no shearing force to
the ankle joint. The user is able to use the exercise as-
sisting device with the low load applied to the ankle joint.
[0024] Itis preferred that the slide drive is configured
to reciprocate the left and right foot supports in a forward/
rearward direction respectively along individual travel
paths, while varying a lateral distance between the left
and right foot supports with regard to representative
points of the left and right foot supports. The lateral dis-
tance between forward ends of the travel paths differ from
the lateral distance between rearward ends of the travel
paths.

[0025] With this configuration, the slide drive is config-
ured to move the foot position forward/rearward while the
foot position moves leftward/rightward. Further, the left
foot support and the right foot support respectively have
travel paths. The lateral distance between front ends of
the travel paths is different from lateral distance between
rear ends of the travel paths. Therefore, to configure the
travel paths along the proper line, the shearing force ap-
plied to the knee ankle is lower than shearing force ap-
plied to the knee ankle in a condition where the left foot
and the right foot are respectively moves toward front
direction. Besides, moving directions of the foot positions
cross with the front direction of the user. When the foot
position is moved along this moving direction, the expan-
sion and the contraction of the muscles of the lower legs
is increased. Therefore, the exercise assisting device
moves the foot position along the moving direction to
cause venous flow which is larger than venous flow that
the foot position is moved along the forward/rearward
direction. As a result, it is possible to relieve the swelling
of the calves and to relieve venostasis by stimulating the
blood circulation to distal portion. Further, the exercise
assisting device allows the leg joint to bend and stretch
to expand and contract the gastrocnemius, thereby the
venous flow is further stimulated.

[0026] In general, the forward/rearward movement of
the foot causes stimulation of rectus femoris, vastus me-
dialis, vastus lateralis, biceps femoris, anterior tibialis,
and gastrocnemius. The lateral movement of the foot
causes stimulation of adducent muscles and adbucent
muscles. This exercise assisting device generates com-
bination movement of the frontward/rearward direction
and the lateral direction. Therefore, this exercise assist-
ing device is capable of stimulating the muscles with co-
operation and comprehensively. In this manner, the ex-
ercise assisting device expands and contracts muscles
to facilitate uptake of sugar into the muscles so as to
improve the Type 2 diabetes of the user. In addition, this
exercise assisting device is capable of stimulating the
deep muscle such as long muscles of a thumb which is



7 EP 2 098 208 Al 8

little expanded and contracted by only the forward/rear-
ward movement or the lateral movement of the foot. Fur-
thermore, the exercise assisting device is configured to
bend and stretch the lower leg muscle mainly. Therefore,
the exercise assisting device is expected to bring down
blood pressure of hypertensive user. And user who has
heard disease is able to use the exercise assisting device
because the exercise assisting device applies the low
load to the user.

[0027] Itis preferredthatthe slide drive includes a mov-
ing direction determiner which is configured to adjust an
angle of the travel path relative to the forward/rearward
direction. The travel path extends linearly and is defined
by a line connecting the forward end and the rearward
end of the representative points.

[0028] In this case, the left foot support and the right
foot support is driven to move along the linear travel
paths, thereby the left foot support and the right foot sup-
port applying no force of twisting the knee joint and ankle
joint. Therefore, it is possible for user to use the exercise
assisting device with low load of the knee joint and ankle
joint. Furthermore, the slide drive moves the left foot sup-
port and the right foot support to direct advance, thereby
mechanisms for moving the left foot support and the right
foot support being simply constructed. Furthermore, itis
possible to reduce the shearing force applied to the knee
joint by arranging the travel paths to have V-shape with
opened front end to make angle of 5 to 15 degrees. The
exercise assisting device with the travel path being ar-
ranged to make approximately 45 degrees is configured
to apply load to the adducent muscles, the abducent mus-
cles, and the muscles for bending and stretching the knee
joint in order to strengthen the adducent muscles, the
abducent muscles, and the muscles for bending and
stretching the knee joint. Furthermore, it is also possible
to arrange travel paths to form VV-shape with opened rear
end. In this case, it is possible to obtain the exercise
assisting device being configured to expand and contract
femoral muscles as well as lower leg muscles.

[0029] Itis preferred that the slide drive is configured
to move the left and right foot supports in an opposite
phase relation along the forward/rearward direction so
as to keep a center of gravity of the user at a constant
position in the forward/rearward direction.

[0030] With this configuration, the exercise assisting
device is configured to keep the center of gravity of the
user in the forward/rearward direction at the constant po-
sition. Therefore, acceleration is not applied to the user’s
upper body. The exercise assisting device with this con-
figuration makes it possible to prevent the user from los-
ing balance. Consequently, this exercise assisting device
is capable of being used by user whose balance function
is atrophied. In addition, the left and right foot positions
are alternately moved forward/rearward so as to apply
the user to motion which is similar to walk motion. Fur-
thermore, itis possible to stimulate muscles with low load.
Therefore, the exercise assisting device is capable of
stimulating cerebral nerve highly. This exercise assisting

10

15

20

25

30

35

40

45

50

55

device is expected to apply high recovery effect for user
who has impaired brain function and who receives oper-
ation on the brain.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031]

Fig. 1 (a) is a schematic perspective view of the ex-
ercise assisting device in a first embodiment.

Fig. 1 (b) is a side view of the left foot support and
the right foot support explaining the motion thereof.
Fig. 2 is a planer view of the above without top plate.
Fig. 3 (a) to (d) are cross sectional view of the posi-
tioning means of the above.

Fig. 4 is a schematic diagram of the drive unit of the
above.

Fig. 5 is an explanation drawing of the main parts of
the above.

Fig. 6 is an explanation drawing of the main parts
explaining the usage example.

Fig. 7 is an exploded perspective view of the drive
unit of the second embodiment.

Fig. 8s are explanation drawings of the driving unit.
Fig. 9 is another explanation of operation of the
above.

Fig. 10 is an explanation drawing showing the oper-
ation of the exercise assisting device in Fig. 11 is yet
another explanation of operation of the above.

Fig. 12 is an explanation drawing showing the oper-
ation of the exercise assisting device in Fig. 13 is an
exploded perspective view of the drive unit of the
above.

Fig. 14 (a) to (c) are explanation drawings showing
the above drive unit.

Fig. 15 is a schematic view of the main parts in fourth
embodiment.

Fig. 16 is a schematic view of the main parts in fifth
embodiment.

Fig. 17 is another explanation view showing the op-
eration of the left foot support and the right foot sup-
port.

Fig. 18 is yet another explanation view of the left foot
support and the right foot support.

Fig. 19 is yet another explanation view of the left foot
support and the right foot support.

BEST MODE FOR CARRYING OUT THE INVENTION
(First embodiment)

[0032] Although the present embodiment illustrates a
device adapted in use to be placed on a floor, the device
can be used with its portion embedded in the floor. A
selection is made as to whether the device is placed at
a fixed position or movably supported. In this embodi-
ment, as shown in Fig. 1 and 2, the exercise assisting
device comprises a housing for being placed on the floor.
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The housing 1 is designed to have a rectangular paral-
lelepiped shape. The illustration show a base plate 1a is
shown as the housing 1. However, the housing 1 is not
limited to the rectangular parallelepiped shape. For a sim-
plified explanation made hereinafter, the housing 1 is il-
lustrated to have a top surface parallel to the floor when
it is placed on the floor. Therefore, upper and lower in
Fig. 1 indicate an upper side and the lower side in use
respectively. When used with a portion embedded in the
floor, the housing 1 may have a frame structure except
for the upper plate 1b.

[0033] Thehousing 1is provided with a leftfoot support
2a and a right foot support 2b adapted respectively for
bearing left and right feet of a user. Also, a drive unit 3
is disposed in the housing 1 for moving the left and right
foot supports 2a and 2b individually. The left foot support
2a and the right foot support 2b have top surfaces which
are respectively formed to have such dimension as to
bear the entire foot of the user. It is noted that an arrow
Xin Fig. 1 denotes a forward direction of the device. This
applies to any other figure which includes the arrow X.
[0034] The device is basically designed for use by a
user in a standing posture, although it can be used by a
user in a sitting posture. Therefore, hereinafter, the de-
vice is explained in a condition where the device is used
by the user at the standing posture with one’s feet placed
on the left and right foot supports 2a and 2b.

[0035] An upper plate 1b is disposed above the base
plate 1a. The upper plate 1b is cooperative with the base
plate 1a to constitute a housing 1. The upper plate 1b is
formed with two openings 11a and 11b extending in a
thickness direction of the plate to expose the left and right
foot supports 2a and 2b, respectively. The openings 11a
and 11b are each formed into a rectangular shape. The
openings 11a and 11b have their longitudinal center lines
extending in a crossing relation with respect to the for-
ward/rearward direction of the housing 1 such that the
distance between the longitudinal center lines is greater
at the front ends of the openings than at the rear ends
thereof. The longitudinal direction of each of the openings
1la and 11bisinclined at a suitable angle relative to the
forward/rearward direction of the base plate 1a. Howev-
er, itis preferred that the longitudinal direction of each of
the openings 11a and 11b is inclined at 5 to 15 degrees
relative to the forward/rearward direction of the base
plate 1a, for example. The angle made at the meeting of
the longitudinal center line of the left opening 11a and
the forward/rearward direction of the base plate la is
counterclockwise angle about its rear end. The angle
made at the meeting of the longitudinal center line of the
right opening 11b and the forward/rearward direction of
the base plate 1a is clockwise angle about its rear end.
[0036] Each ofthe openings 11a and 11b has an open
area greater than the top surface area of each of the left
and right foot supports 2a and 2b, so that the left and
right foot supports 2a and 2b is movable respectively
within the openings 11a and 11b. The left foot support
2aand the right foot support 2b are respectively provided
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at its entire circumference with cover plates 12 for con-
cealing gaps between the each of the left and right foot
support 2a, 2b and the openings 11a, 11b so as not to
make gap between the left and right foot support 2a, 2b
and the openings 11a, 11b while the left foot support 2a
and the right foot support 2b is driven to move within the
openings 11a, 11b.

[0037] The openings 11a and 11b have their length-
wise directions respectively aligned with the longitudinal
directions of the left and right foot supports 2a and 2b.
In use, the user places one’s feet on the left and right
foot supports with each of the longitudinal center lines of
the feet aligned with the lengthwise direction of each foot
support. Therefore, as mentioned in the above, the open-
ings 11a and 11b have their individual lengthwise center
lines angled at 5 degrees to 15 degrees relative to the
forward/rearward direction of the housing 1, such that
the user in the standing posture can place the feet re-
spectively on the left and right foot supports 2a and 2b
with one’s leg muscles kept relaxed.

[0038] Both of the left foot support 2a and the right foot
support 2b has its bottom integrally formed with a pair of
bearings. One bearing inthe left foot support 1ais spaced
along a width direction of the other bearing in the left foot
support la. One bearing in the right foot support 1b is
spaced along a width direction of the other bearing in the
right foot support 1b. Attachment plates, not shown in
the illustrations, are arranged below the left foot support
2a and the right foot support 2b. This attachment plates
are overlapped with the left foot support 2a and the right
foot support 2b. A bearing plate 73 of U-shaped cross
section is fixed to the top of the attachment plate to have
its open end oriented upwardly, and has its opposed legs
73a in contact respectively with the outer faces of the
bearing 73c of the left foot support 2a and the right foot
support 2b.

An axle 74 penetrates through the legs 73a of the bearing
plate 73 and the bearings 71c to extend in the width di-
rection of both of the left foot support 2a and the right
foot support 2b. The left foot plate 2a and the right foot
plate 2b are allowed to swing about the axle 74 in such
a manner that the left foot plate 2a and the right foot plate
2b move up and down at its lengthwise forward and rear-
ward ends.

[0039] A truck 61 of U-shaped cross section has its
open end. The truck 61 is fixed to the bottom of the at-
tachment plate to have the open end downwardly.

The truck 61 is provided on each exterior face of its legs
61a with two wheels 62.

The base plate 1a has upper end being formed with two
fixed rails 63 for each of the left and right foot support 2a
and 2b such that the truck 61 is placed on the rails 63
with the wheels 62 roll in the rail grooves 63a in the upper
end of the rails 63.

[0040] The rails 63 extend in a direction different from
the lengthwise direction of the openings 11a and 11b in
the housing 1. As described in the above, the openings
1laand 11b have theirindividual longitudinal center lines
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crossed with each other so as to be spaced by a larger
distance at the forward ends than at the rearward ends.
Also, the rails 63 have their individual longitudinal direc-
tions crossed with each other in the like manner.

[0041] The rails 63 are inclined in relation to the for-
ward/rearward direction of the housing 1 at a large angle
than the openings 11a and 11b. For example, when the
openings 11a and 11b have their lengths inclined relative
to the forward/rearward direction of the housing 1 at an
angle of 30 degrees, the rails 63 have its length inclined
at an angle of 45 degrees. In short, the rails 63 are ori-
ented to such a direction as to prevent an increase of
shearing force acting on the knee joints while the left and
right foot supports 2a and 2b are moved along the rails
63 in a condition that the user’s feet are placed thereon
with each center line of the feet aligned with each of the
length of the openings 11a and 11b. It is noted that this
embodiment shows the exercise assisting device having
the left foot support 2a and the right foot support 2b which
are respectively configured to move along the combined
travel path of the forward/rearward direction with the lat-
eral direction. However, it is possible to move the left foot
support 2a and the right foot support 2b along the rail 63
which is oriented to the forward/rearward direction or the
lateral direction.

[0042] With the above arrangement, the left and right
foot supports 2a and 2b are allowed to reciprocate re-
spectively along the lengths of the rails 63. The longitu-
dinal direction of the rails 63 are aligned with the longi-
tudinal center lines of the openings 11a and 11b respec-
tively. Therefore, the left foot support 2a and the right
foot support 2b are respectively moves along directions
cross with the longitudinal direction of the openings 11a
and 11b respectively and moves within the openings 11a
and 11b respectively. That is, the trucks 61 cooperates
with the wheels 62 and the rails 63 to define guides 4
which restrict the travel paths of the left foot support 2a
and the right foot support 2b.

[0043] Asabove mentioned,the openingsllaandl1lb
respectively have its longitudinal center lines to make
angles of 5 to 15 degrees with the forward/rearward di-
rection of the housing 1. However, in view of that the user
does not always orient one’s foot in correct direction,
each of the left foot support 2a and the right foot support
2b further is provided at its top surface with a positioning
means 21 for notification of the correctly oriented posi-
tion. The positioning means 21 may take the form of var-
ious configurations and include a marking recorded at
the correctly oriented position as a simple one.

[0044] Inaddition, the left foot support 2a and the right
foot support 2b have its top surfaces to have the top sur-
face angles which are varied with respect to the top sur-
face of the housing 1. Therefore, each of configurations
in Fig. 3 may employ as the positioning means 21 for
preventing displacement of the foot in a condition where
the left foot support 2a and the right foot support are
inclined.

[0045] Further, the positioning means 21 may be in the
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form of a recess 21a in the upper face of each of the left
and right foot supports 2a and 2b, as shown in FIG. 3(a).
The positioning means 21 may be in the form of a lug
21b on the upper face of each of the left and right foot
supports 2a and 2b, as shown in Fig. 3 (b). The lug 21b
is preferred to be located to a position corresponding at
least to one of the lengthwise ends of the foot. When it
is located also corresponding to the arch of the foot, it is
expected to give a massaging effect of stimulating the
arch. The arrangements shown in FIGS. 3(a) and (b) do
not fix the user’s feet to the left and right foot supports
2a and 2b, respectively, it may occur that the foot is
slipped out of the corresponding one of the left and right
foot supports 2a and 2b when the support is tilted at a
large angle.

[0046] In view of this, as shown in Fig. 3 (c), each of
the left and right foot supports 2a and 2b may is provided
with an anti-skid member 21c formed from a material
such as a rubber having a high coefficient of friction (or
shaped to have minute surface irregularities) as the po-
sitioning means 21. The anti-skid member 21c may be
adhered on or embedded in the upper surface of each
of the left and right foot supports 2a and 2b. Further, the
anti-skid member 21c may be shaped into a plate or into
a configuration conforming to the contour of the bottom
of the foot. Still further, the anti-skid member 26¢c may be
combined with the recess 21a of FIG. 3(a) or the lug 21b
of FIG. 3(b) for enhancing the positioning effect.

[0047] FIG. 3(d) illustrates the positioning means 21
in the form of belts 21d adapted to be wrapped around
the foot instep and including front and rear ones. The foot
inserted behind the belts is thus fixed to the foot support.
The belts 21d may be provided with hook-and-loop fas-
tener or buckle for adjustment depending upon the foot
F size.

[0048] The individual features shown in FIG. 3 can be
suitably combined. For example, the combination of the
features shown in FIGS. 3(a), (c), and (d) can success-
fully prevent the foot slipping or skidding. When the de-
vice is utilized by the user with the shoe, the foot supports
may be provided with a toe clip or binding as is common
to a pedal of bicycle for fixing the user’s foot.

[0049] As shown in Fig. 4, the drive unit 3 comprises
a motor 30, a router 33, a slide drive 31, and a swing
drive 32. The motor 30 acts as a driving source, and is
configured to generate a rotary force. The router 33 is
configured to divide the rotary force into driving forces of
two channels for driving the left foot support 2a and the
right foot support 2b, and is configured to transmit the
divided driving force to the left foot support 2a and the
right foot support 2b. The slide drive 31 is configured to
slide the left foot support 2a and the right foot support 2b
along the upper face of the housing 1 by the driving forces
that the router 33 divides into two channels. The swing
drive 32 is configured to vary the top surface angle of the
left foot support 2a and the right foot support 2b relative
to the top surface of the housing 1. Both of the slide drive
31 and the swing drive 32 is provided to each of the left
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foot support 2a and the right foot support 2b.

[0050] Details of the drive unit 3 are now explained.
The router 33 is coupled to an output shaft 31a of the
motor 31. The router 33 includes a worm 33a and a pair
of worm wheels 33b. The worm 33a is defined as a first
gear. The worm wheel 33b is defined as a second gear.
A pair of the worm wheels 33b is meshed with the worm
33a. The worm 33a and the two worm wheels 33b are
incorporated into a gear box which is not shown. This
gear box is fixed to the base plate 1a.

[0051] With this arrangement, the rotary force of the
motor 30 is divided by way of the two worm wheels 33b
into the individual driving forces which are respectively
utilized to drive the left and right foot supports 2a and 2b.
The router 33 thus composed of the worm 32a and the
worm wheels 32b functions also to reduce the rotational
speed of the motor 30.

[0052] A rotation shaft 33c penetrates through the
worm wheel 33b. The rotation shaft 33c is coupled to the
wormwheel 33b such that the rotation shaft 33cis rotated
according to rotation of the rotation shaft 33c.

[0053] Areciprocator 33 includes a crank plate 36 and
a crank rod 38. The crank plate 36 has one end coupled
to the rotation shaft 33c. The crank rod 38 is coupled to
the crank plate 36 through the crank journal 37. The crank
journal 37 has one end which is fixed to the crank plate
36, and the other end held by the bearing 38a that one
end of the crank rod 38 holds. That is, the crank rod 38
has one end which is rotatably coupled to the crank plate
36 and has the other end rotatably coupled to the truck
61 via a shaft body 38b.

[0054] Apparent from the above configuration, the
crank rod 38 is configured to transmit rotary force into
reciprocation of the truck 61. The crank rod 38 is provided
for each worm wheel 33b. The left foot support 2a and
the right foot support 2b respectively have the truck 61.
Therefore, the crank rod 38 is configured to transmit ro-
tary force into reciprocation of the left foot support 2a and
the right foot support 2b.

[0055] Asabove mentioned, the truck 61 has the travel
path which is restricted by the wheels 62 and the rail 63.
Therefore, the truck 61 reciprocates along the longitudi-
nal direction of the rail 63 according to the rotation of the
worm wheel 33b. That is, the motor 30 generates the
rotation which is transferred to the crank plate 36 through
the worm 33a and the worm wheel 33b. The crank plate
36 is coupled to the crank rod 38 which reciprocates the
truck 61 linearly along the rail 63. As a result, the truck
61 reciprocates the left foot support 2a and the right foot
support 2b along the longitudinal direction of the rail 63
because the truck 61 s are respectively coupled to the
left foot support 2a and the right foot support 2b.

[0056] In the present embodiment, the worm 33a and
the two worm wheels 33b are responsible for routing the
driving force into two channels respectively for driving
the left and right foot supports 2a and 2b so that the drive
unit 3 drives the left and right foot supports 2a and 2b in
amanner linked to each other. The worm wheels 33b are
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engaged with the worm 33a at different portions spaced
apart by 180 degrees. Therefore, the right foot support
2b comes to forward end of its movable range when the
left foot support 2a comes to the rear end of its movable
range. The rear end of the movable range of the left foot
support 2a is same as the right end of the movable range
of the left foot support 2a. The rear end of the movable
range of the right foot support 2b is same as the right end
of the movable range of the right foot support 2b. There-
fore, the left foot support 2a and the right foot support
2bis configured to move toward a same lateral direction.
[0057] As apparent from the above, it is possible to
give a desired phase difference of the movement be-
tween the left and right foot supports 2a and 2b by varying
positions of engaging the worm 33a with the worm wheels
33b. When the device is used by the user at the standing
posture with one’s feet placed on the left and right foot
supports 2a and 2b, the phase difference of 180 degrees
is effective to minimize the shifting of the user’s weight
in the forward/rearward direction. Therefore, the exercise
assisting device enables the user to exercise the lower
leg muscles even by the user who suffers from balancing
capability. Alternatively, when no phase difference is giv-
en, the device necessitates the shifting movement of the
user’s weight in the forward/rearward direction, thereby
developing an exercise not only for the leg muscles but
also for lower back muscles of the user maintaining the
balancing capability.

[0058] The left foot support 2a and the right foot sup-
port 2b is configured to swing about an axle 74 which
allows left foot support 2a and the right foot support 2b
to have variable heights of its front ends and its rear ends.
That is, the left foot support 2a and the right foot support
2b varies the heights of the toe and the heel on the left
foot support 2a and the right foot support 2b, thereby
allowing the ankle joint to plantarflex and dorsiflex.
[0059] In order to link the swinging movement of the
left foot support 2a and the right foot support 2b about
the axle 74 with the reciprocating movement thereof
along therail 63, the base plate 1ais provided at a portion
along the travel path of the left foot support 2a and the
right foot support 2b with a guide surface 14 including an
inclination 14a in Fig. 5. In this connection, each of the
left foot support 2a and the right foot support 2b is pro-
vided on its bottom with a follower projection 25 which
comes into engagement with the guide surface 14. The
follower projection 25 has at its top with a roller 25 which
come into rolling contact with the guide surface 14. That
is, the axle 74 cooperates with the guide surface 14 and
the follower projection 25 to construct a swing drive 32.
[0060] The follower projection 25, which is arranged
to come into rolling contact with the guide surface 14,
rides up and down the inclination 14a while each of the
left and right foot supports 2a and 2b are driven by the
motor 31 to reciprocates, thereby swinging the left foot
support 2a and the right foot support 2b about the axles
24 to vary its tilt angle relative to the base plate 1 a, and
therefore enabling the plantarflexion and dorsiflexion at
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the ankle joint.

[0061] When using the device in the standing posture,
the user is first required to stand with one’s feet placed
respectively on the left and right foot supports 2a and 2b
which are rest respective at their initial positions and then
to start the drive unit 3. As shown in Fig. 6, the left foot
support 2a and the right foot support 2b respectively has
the longitudinal direction Dx oriented to a direction which
make angle of, for example, 9 degrees with forward/rear-
ward direction indicated by the arrow X. Consequently,
the left foot support 2a and the right foot support 2b allows
the user to stand naturally without twisting the user’s leg.
[0062] Attheinitial positions, the left and right foot sup-
ports 2a and 2b are located at the same level along the
forward/rearward direction. That is, the left foot support
2aisaligned with the right foot support 2b along the lateral
direction ofthe device. Accordingly, when the user stands
on the left and right foot supports 2a and 2b of the initial
positions, a vertical line depending from the weight center
of the user passes through a center between the left and
right foot supports 2a and 2b.

[0063] As apparent from the above, the drive unit 3
can drive the left and right foot supports 2a and 2b to
move in the forward/rearward direction and at the same
time to move in the lateral direction in the linked manner
to each other. The left and right foot supports 2a and 2b
are driven to reciprocate linearly along the rails 63, re-
spectively, so as to move in directions different from the
lengthwise directions of the feet.

[0064] Also as discussed in the above, the foot plate
21 is driven to swing about the axle 74 as each of the left
and right foot supports 2a and 2b reciprocates along the
rail 63. While the foot plate 21 is moving, the follower
projection 25 rides up and down the inclination 14a of
the guide surface 14 to cause the dorsiflexion of the ankle
joint when each of the left and right foot supports 2a and
2b comes to its forward end position, and the plantarflex-
ion when it comes to its rearward end position. The axle
74 is positioned nearer to the heel within the length of
the foot bottom. Each of the dorsiflexion and plantarflex-
ionis realized at the tilt angle of about 10 degrees relative
to a reference plane defined by the upper surface of the
base plate la.

[0065] The dorsiflextion and the plantarflexion can be
made respectively at the rearward end position and the
forward end position of each of the left and right foot
supports 2a and 2b in opposite relation to the above.
Also, the tilt angle relative to the reference plane can be
selected differently from the above mentioned angle.
Such modified operation can be easily realized by an
appropriate shaped guide surface 14.

[0066] Inthisembodiment, the worm 33a and the worm
wheel 33b are used as transmission means of the rotation
direction from the motor 30 defined as the driving source.
However, combination of a pulley and a belt is also ca-
pable of employing as the transmission means. In addi-
tion, a universal joint is also capable of employing as the
transmission means.

10

15

20

25

30

35

40

45

50

55

(Second embodiment)

[0067] The exercise assisting device in this embodi-
ment has a slide drive 31 and a swing drive 32 which are
respectively different from the slide drive 31 and the
swing drive 32 shown in the first embodiment. In addition,
the left foot support 2a and the right foot support 2b re-
spectively have the representative point. This represent-
ative points are defined by points which do not shift when
the angle that the top surface of the left foot support 2a
and the top surface of the housing 1 make is varied, and
are defined by points which do not shift when the angle
that the top surface of the right foot support 2b and the
top surface of the housing 1 make is varied. A plurality
of the points is considered as the representative points.
However, each of the points is capable of using as the
representative point. That is, the exercise assisting de-
vice has the left foot support 2a and the right foot support
2b which slide along the top surface of the housing 1. In
this condition, the exercise assisting device has the
points which do not move while the angle between the
left and right foot supports 2a, 2b and the top surface of
the housing 1 varies. The points are determined as the
representative points. These representative points are
capable of designing outside the left foot support 2a and
the right foot support 2b. With using the representative
points defined by the above, the travel paths that the left
foot support 2a and the right foot support 2b slide are
described in an integrated fashion.

[0068] Fig. 7 shows the slide drive 31 and the swing
drive 32. The transmission means for transmitting the
driving force to the slide drive 31 and the swing drive 33
from the worm wheel 33b is omitted. However, the trans-
mission means is constructed by well-known transmitting
elements such as gear and belt.

[0069] The swing drive 32 is configured to vary the
angle between the left foot support 2a and the top surface
of the housing, and between the right foot support 2a and
the top surface of the housing in order to vary the angle
of the ankle joints. Therefore, the swing drive 32 is con-
figured to vary the angle between the left foot support 2a
and the top surface of the housing within a plane which
is perpendicular to the extended line passing through the
rotation center of the ankle joint. The swing drive 32 is
configured to vary the angle between the right foot sup-
port 2b and the top surface of the housing within a plane
which is perpendicular to the extended line passing
through the rotation center of the ankle joint. Hereinafter,
this planeis called as rotation plane. As mentioned below,
itis not necessarily the case that the slide drive 31 slides
the representative points of the left foot support 2a along
a direction which is parallel to the rotation plane. It is not
necessarily the case that the slide drive 31 slides the
representative points of the right foot support 2a along a
direction which is parallel to the rotation plane. However,
in order to explain the exercise assisting device easily,
the case that directions of the representative points of
the left foot support 2a and the right foot support 2b re-
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spectively slide parallel to the rotation planes is ex-
plained. The left foot support 2a and the right foot support
2b has representative points which slides along sliding
directions which make angle of 5 to 15 degrees with for-
ward/rearward direction of the housing 1. However, it is
not necessarily the case that the sliding direction is
aligned to the center lines of the longitudinal direction of
the openings 11a, 11b.

[0070] The configuration in Fig. 7 is configured to vary
angles of the left foot support 2a and the right foot support
2b. This configuration allows the toe to draw trajectory
while the left foot support 2a and the right foot support
2b moves forward/rearward. This trajectory is a down-
ward convex curve. The illustrated embodiment shows
the left foot support 2a which is configured to allow the
heel to be located below the toe in a condition where the
left foot support 2a is positioned at the front end of the
travel path, and shows the right foot support 2b which is
configured to allow the heel to be located below the toe
in a condition where the left foot support 2b is positioned
at the front end of the travel path. On the contrary, the
illustrated embodiment shows the left foot support 2a
which is configured to allow the toe to be located below
the heel in a condition where the left foot support 2a is
positioned at the rear end of the travel path, and shows
the right foot support 2b which is configured to allow the
toe to be located below the heel in a condition where the
right foot support 2b is positioned at the rear end of the
travel path.

[0071] The slide drive 31 includes an eccentric rotor
34, a crank rod 35, and a crank pin 35a. The rotary force
from the router 33 is transmitted to the eccentric rotor 34.
The crank rod 35 has one end coupled to the eccentric
rotor 34 via a crank pin 35a and has the other end which
is rotatably fixed to a gear box 40 via the crank shaft 35b.
The rack 41 in Fig. 7 has a longitudinal direction. The
rack 41 restricts the travel path of the gear box 40 so that
the travel path extends along the longitudinal direction
of the rack 41. The rotation of the eccentric rotor 34 varies
distance between one end of the crank rod 35 and rota-
tion center 34a of the eccentric rotor 34. In this manner,
the gear box 40 linearly moves along the longitudinal
direction of the rack 41.

[0072] The gear box 40 bears two spur wheels 42 and
43. The spurwheel 42 has teeth whose number is smaller
than the number of the teeth of the spur wheel 43. The
spur wheel 42 is meshed with the rack 41. The rotation
of the eccentric rotor 34 slides the gear box 40 relative
to the rack 41. Consequently, the rack 41 which is
meshed with the spur wheel 42 rotates the spur wheel
42 to generate the rotary force which is transferred to the
spur wheel 43. While the eccentric rotor 34 rotates one
revolution, the spur wheel 42 reciprocates on the rack
41. The reciprocation of the spur wheel 42 reciprocates
the spurwheel 43inarange of -30to +30 degrees relative
to the horizontal plane.

[0073] The spur wheel 43 is coupled to the left foot
support 2a or the right foot support 2b.
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Therefore, the spur wheel 43 vary the top surface angle
of the left foot support 2a or the right foot support 2b
according to the reciprocation of the spur wheel 43. In
addition, the gear box 40 moves linearly along the rack
41, thereby the left foot support 2a or the right foot support
2b also moving linearly along the rack 41. In short, the
rack 41 has the longitudinal direction which defines the
sliding direction of the left foot support 2a or the right foot
support 2b.

[0074] Apparent from the above, the gear box cooper-
ates with the rack 41 to define a part of the slide drive
31. The rack 41 and the spur wheels 42 and 43 construct
the swing drive 32. That is, in this embodiment, the slide
drive 31 generates driving force which is transmitted to
the swing drive 32 so that the driving force of the slide
drive 31 and the driving force of the swing drive 32 are
transmitted to the left foot support 2a or the right foot
support 2b. It is noted that the illustrated embodiment
shows the gear box 40, the spur wheel 43, the coupling
shaft 43a, a rotor shaft 43b, and a swing plate 44. The
gear box 40 is formed with an arc shaped guide hole 40a.
The coupling shaft 43a is coupled to the spur wheel 43.
The coupling shaft 43a is configured to pass through the
guide hole 40a. The coupling shaft 43a and the rotor shaft
43b of the spur gear 43 are coupled to the swing plate
44. This swing plate 44 is coupled to the left foot support
2a or the right foot support 2b. That is, the rotor shaft 43b
is defined as the axis about which the left foot plate and
the right foot plate swings.

[0075] As apparent from the above, the rotor shaft 43b
is located above the top surface of the corresponding
one of the left and right foot supports 2a and 2b. In par-
ticular, the rotor shaft 43b is set at such a location where
an extension line of the rotor shaft 43b extends through
the ankle joint when the foot is placed at a position des-
ignated with the help of the above-mentioned positioning
means 26. However, since there are differences among
individual user’s foot size, the positioning means 26 may
be configured to be available irrespective of the foot size,
such as the anti-skid member 26c¢ or binding, or may be
configured to be adjustable stepwise in match with the
foot size. Further, it is preferred that the axis is aligned
along a width direction of the foot such that the left foot
support 2a and the right foot support 2b allows the ankle
joints to vary the angle of the ankle joint according to the
swing of the left foot support 2a and the right foot support
2b about the axis.

[0076] The rotor shaft 43b is spaced from the top sur-
face of the corresponding one of the left and right foot
supports 2a and 2b by a distance determined in consid-
eration of an average foot size of the intended users. In
addition, itis possible to detachably stack one of adjustor
plates of different thickness on each of the left and right
foot supports 2a and 2b, or even to provide an adjustor
mechanism for varying the positions where the coupling
shaft 43a and the rotor shaft 43b are coupled to the swing
plate 44.

[0077] The operation derived fromthe structure of FIG.
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7 is summarized in FIG. 8. In one operation of FIG. 8,
each of the left and right foot supports 2a and 2b can be
adjusted to have its upper surface inclined at a suitable
angle. For example, one or both of the left and right foot
supports 2a and 2b has its upper surface lying horizon-
tally when the crank pin 35a comes in registration with
either of the upper and lower position of the rotation cent-
er 34a of the eccentric rotor 34, as shown in FIG. 8.
[0078] Assuming that the right-hand side in FIG. 8 de-
notes the forward direction, when the crank pin 46a is
located forwardly of the rotation center 34a of the eccen-
tric rotor 34, the coupling shaft 43a takes a position for-
wardly of the rotor shaft 43b, as shown in FIG. 8(a), the
corresponding one of the left and right foot supports 2a
and 2b is inclined to have its front end located above its
rear end, which means that the heel is lowered than the
toe. While on the other hand, when the crank pin 35a is
located behind the rotation center 34a of the eccentric
rotor 45, the coupling shaft 43a takes a position behind
the rotor shaft43b, as shown in FIG. 8(c), the correspond-
ing one of the left and right foot supports 2a and 2b is
inclined to have its rear end located above its front end,
which means that the toe is lowered than the heel.
[0079] Through the above operation, the foot position
undergoes a sliding movement to stretch the leg muscle
groups of the user in one hand, and the ankle joint un-
dergoes variably angled movementto stimulate the lower
leg muscle groups on the other hand. Thus, the move-
ment simulating the walking is given to stimulate the mus-
cle groups of the femoral region as well as the lower leg,
which makes the device available for the walking exer-
cise as in rehabilitation. Further, since the foot position
sees only the sliding movement without requiring the user
to lift the femoral portions, the device is also available to
the user who is difficult to keep balancing due to knee
joint pains or lowered femoral muscular strength. Further,
the stretching of the lower leg muscle groups will relax
muscle groups around the ankle joints to prevent the nar-
rowing of the movable range thereof and to stretch the
gastrocnemius muscles for promotion of venous return.
The promotion of venous return makes it possible to in-
crease the blood flow toward a heart and makes it pos-
sible to increase systemic blood flow.

[0080] In the above operation, since the toe is raised
to a higher level than the heel as the corresponding one
of the left and right foot supports 2a and 2b slides to its
front end position within the movable range. The heel is
raised to a higher level than the toe as the corresponding
foot support slides to its rearward end of the movable
range. Therefore, the operation can simulate a natural
walking and therefore is available for walk training. How-
ever, the angle change about the rotor shaft 43b may be
done in the direction opposite to that of the above oper-
ation. That is, different operation may be given in which
the heel is raised to a higher level than the toe as the
corresponding one of the left and right foot supports 2a
and 2b slides to its front end position within the movable
range. The toe is raised to a higher level than the heel
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as the corresponding foot support slides to its rearward
end of the movable range. In contrast to the former op-
eration where the ankle joint undergoes less angle
change, the latter operation enables the ankle joint to
undergo the angle change over a wider range, effective
for training of enlarging the movable range of the ankle
joint. Especially, the ankle joint sees the dorsiflexion
when the foot support comes to its rearward end position,
thereby enhancing an effect of stretching the Achiles ten-
don.

[0081] As seen in the above illustrated embodiment,
the rotor shaft 43b, which defines the rotation center
about which the corresponding one of the left and right
foot supports 2a and 2b swings, has its extension line
passing through the ankle joint of the user, such that the
ankle joint sees no substantial vertical movement during
the corresponding one of the left and right foot supports
2a and 2b is swinging about the rotor shaft 43b. Thus,
the ankle joint is relatively free from the load resulting
from the vertical movement. In other words, the user sees
only less load acting on the ankle joint as well as less
shiftingamount of the weight center, and therefore is easy
to keep balancing. When adopting the above structure
in which the extension line of the rotor shaft 43b passes
through the ankle joint, it is required to locate the rotor
shaft 43b above the corresponding one of the left and
right foot supports 2a and 2b, which necessitates a large
vertical space above the housing 1.

[0082] In order to reduce the vertical space above the
housing 1, itis preferred to dispose the rotor shaft on the
bottom side of each of the left and right foot supports 2a
and 2b. For example, as shown in Fig. 9, it is preferred
to arrange an axis Ax to be located below the foot bottom
as well as to be located immediately below the ankle
joints in a condition where the left foot support 2a and
the right foot support 2b have upper surfaces which are
parallel to the horizontal plane. It is possible to reduce
the vertical space above the housing 1 by employing the
swing drive 32 being configured to swing the axis Ax and
the slide drive 31 being configured to slide the swing drive
32 to slide. By the axis Ax disposed as above, the ankle
jointJais moved in the frontward/rearward direction while
the angle of the left foot support 2a and the right foot
support 2b is varied. However, the ankle joint Ja is little
moved in the vertical direction while the angle of the left
foot support 2a and the right foot support 2b is varied.
Therefore, the position of the center of gravity Pg is little
moved, thereby the user being able to keep balancing
easily. Thatis, it is possible to obtain the exercise assist-
ing device that the user suffering from lowered balancing
capability is able to use easily. Further, there is no need
for user to bend the knee joint Jn. Therefore, this exercise
assisting device applies low load to the knee joint Jn,
thereby being able to be used by the user having pain in
knee.

[0083] In above configuration, the slide drive 31 and
the swing drive 32 is driven by a single driving source
which is the motor 30. However, it is possible to employ
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the swing drive 32 which is driven by a driving source
which is different from the driving source for driving the
slide drive 31. To employ the driving sources for each of
the slide drive 31 and the swing drive 32 increases free-
dom of the configuration of the slide drive 31. For exam-
ple, itis preferred to employ the frame, not shown, which
in configured to mount the left foot support 2a and the
swing drive 32, and the frame, not shown, which is con-
figured to mount the right foot support 2b and the swing
drive 32. According to this configuration, each of the
frames is slidably mounted on the guide rail. The frames
are reciprocated by the driving force that the driving
source generates. In a case where the motor is used as
the driving source, it is possible to transmit the rotary
forces into reciprocating movements of the left foot sup-
port 2a and the right foot support 2b by a crank mecha-
nism which is interposed between the driving source and
the left and right foot supports 2a, 2b.

[0084] With this configuration, the ankle joints are ver-
tically moved according to the slide of the left foot support
2a and the right foot support 2b. However, the axis is
located immediately below the ankle joint. Therefore, in
a constrained condition where the axis is disposed below
the left foot support 2a and the right foot support 2b, it is
possible to minimize the distance between the ankle joint
and the axis to reduce the amount of the displacement
of the ankle joint in the vertical direction. Further, it is
possible to combine the slide drive 31 and the swing drive
32 in order to employ simplified design. For example, it
is preferred to slide the left foot support 2a and the right
foot support 2b by the slide drive 31. According to this
configuration, the left foot support 2a and the right foot
support 2b are respectively provided with rotation shafts
which act as the axes. A guide is provided for swinging
the left foot support 2a and the right foot support 2b about
the axes to vary angles. This guide is used by the swing
drive 32. It is noted that the guide is constructed by the
configuration same as the relation between a cam groove
and a guide bar as mentioned in third embodiment.
[0085] The rotor shaft may be disposed at a position
not immediately below the ankle joint but further away
therefrom so as to increase the vertical displacement
amount of the ankle joint, making the device effective for
training balancing function of the user. That is, as shown
in Fig. 11, the rotor shaft are arranged below the left foot
support 2a and the right foot support 2b to have the axes
Ax which are located below the foot bottoms as well as
are located at a front portion from a portion immediately
below the ankle joints Ja. On the contrary, as shown in
Fig. 12, the rotor shaft are arranged below the left foot
support 2a and the right foot support 2b to have the axes
Ax which are located below the foot bottoms as well as
are located at a rear portion from a portion immediately
below the ankle joint Ja. With this configuration, it is pos-
sible to increase the displacement amount of the ankle
joint in the vertical direction when the left foot support 2a
and the right foot support 2b swings about the axes Ax.
[0086] The configurations in Fig. 11 and Fig. 12, the
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rotor shafts have the axes which respectively located at
front from the portion immediately below the ankle joint.
The axis is swung to raise the heel being located higher
than the toe when the left foot support 2a is located at
the front end of the movable range. The axis is swung to
raise the heel being located higher than the toe when the
right foot support 2b is located at the front end of the
movable range. On the contrary, the axis is swung to
raise the toe being located higher than the heel when the
left foot support 2a is located at the rear end of the mov-
able range. The axis is swung to raise the toe being lo-
cated higher than the heel when the right foot support 2b
is located at the rear end of the movable range. When
the left foot and the right foot are separately located in
the forward/rearward direction by the above movement,
the left foot and the right foot are separately located in
the vertical direction. Therefore, the left ankle joint has
height which is different from height of the right ankle so
as to have vertical interval. This vertical interval causes
the reflex for keeping balancing by the muscles of the
knee joint, the hip joint, and the upper body, thereby the
vertical interval stimulating the muscles. This stimulation
trains the muscles around the knee joint, around the hip
joint, and a lower back. Each of the slide directions of the
left foot support and the right foot support makes an angle
of 45 degrees with the forward/rearward direction. There-
fore, the ankle joints are bent and stretched with the us-
er's knee apart. Consequently, the muscles of an inside
leg and an outside leg is stimulated.

[0087] The above instance illustrates that the rotor
shaft 43b is oriented to have its axial direction perpen-
dicular to the direction in which the representative point
ofthe corresponding one of the left and right foot supports
2a and 2b makes the sliding movement. When it is re-
quired to cross these directions to make an angle other
than the right angle, skew worm gears or bevel gears
may be used instead of the spur gears 42 and 43.
[0088] It is equally possible to use a universal hook
joint for driving connection between the slide drive 31
and the swing drive 32 at a desired angle. When using
the universal hook joint, the left foot support 2a is inte-
grated with the slide drive 31 and the swing drive 32 into
one block. Similarly the right foot support 2b is integrated
with the slide drive 31 and the swing drive 32 into one
block. Then, the two blocks are individually made adjust-
able to determine the angle at which the direction of the
sliding movement of the representative point of each of
the left and right foot supports 2a and 2b is inclined rel-
ative to the forward/rearward direction of the housing 1.
[0089] For instance, each block is coupled at its rear
end to the housing 1 by means of a pivot pin so as to be
capable of swinging within the horizontal plane, and is
provided with a latch pin which is selectively engaged
into one of holes spaced from the rotation center of the
block by a constant distance. Thus, itis possible to select
one from a plurality of the sliding movement directions
along each of which the corresponding one of the left and
right foot supports 2a and 2b moves. In this instance,
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each of the left and right foot supports 2a and 2b under-
goes the sliding movement linearly along the travel path.
Thus, it is possible to adjust the angle of the travel path
relative to the forward/rearward direction. In this sense,
each block is cooperative with the pivot pin, the latch pin,
and the holes to realize a moving direction determination
mechanism.

[0090] Since the slide drive 31 and the swing drive 32
are coupled to each other by means of the universal hook
joint, each of the left and right foot supports 2a and 2b
can have its sliding movement direction which is adjust-
able over a wide range, while the maintaining an angle
of 5° to 15° at which the swinging plane perpendicular to
the rotor shaft 43b is inclined relative to the forward/rear-
ward direction of the housing 1. For instance, the sliding
movement direction of each of the left and right foot sup-
ports 2a and 2b can have its sliding movement direction
inclined relative to the forward/rearward direction of the
housing 1 at an angle of 5° to 45° (counter-clockwise
angle for the left foot support 2a, and clockwise angle for
the right foot support 2b).

[0091] The sliding movement direction which is orient-
ed at an angle of 5 to 15 degree with respect to the for-
ward/rearward direction is aligned with a direction of
bending and stretching the knee joint or the ankle joint
of the user in the standing posture with relaxing the leg
muscles. Therefore, itis possible to expand and contract
the leg muscle while the load applied to the knee joint
and the ankle joint is reduced. In addition, it is possible
to stimulate the adducent muscles and abducent muscles
by adjusting the angle between the forward/rearward di-
rection and the sliding movementdirection of 45 degrees.
[0092] In addition, when the left foot support 2a has
the representative point being located at the front end of
the movable range, the right foot support 2b has the rep-
resentative point being located at the rear end of the mov-
able range. On the contrary, when the right foot support
2b has the representative point being located at the front
end of the movable range, the left foot support 2a has
the representative point being located at the rear end of
the movable range. That is, the left foot support 2a and
the right foot support 2b is designed to be driven to move
in opposite phase relation to each other. This configura-
tion makes it possible to reduce the movement of the
user’s center of the gravity in the forward/rearward direc-
tion. Therefore, the user whose balance function is atro-
phied is also use the exercise assisting device.

[0093] Although the above embodiment illustrates that
the slide drive 31 and swing drive 32 are arranged to
operate at the same cycle, they may be arranged to op-
erate at differing cycles. When so arranged, the device
gives an irregular movement different from the normal
walking for enabling a training of sophisticate movement.
In addition, the left foot support 2a and the right foot sup-
port 2b is moved in a linked manner such that the posi-
tions of the left foot support 2a and the right foot support
2b varies at the same time. However, it is also possible
to drive only one of the left foot support 2a and the right
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foot support 2b to move as above. In this case, the user
having injured one leg is able to use this exercise assist-
ing device by only driving the either the left foot support
2a or the right foot support 2b in order to exercise the
other uninjured leg.

[0094] Furthermore, this exercise assisting device is
designed to be used in the standing posture. However,
the user with less balancing ability may use this exercise
assisting device while sitting a chair or a wheeled chair.
In addition, the user with less balancing ability may also
use this exercise assisting device while the user’s upper
body is lifted by a lifting sling. When the user uses the
exercise assisting device while the user’s upper body is
supported, the user’'s own weight is hard to be applied
as the load. However, the user is able to use the exercise
assisting device with the low load. Therefore, exercise
assisting device is capable of being adapted for the user
with various body conditions. Further, in a case where
the user who sits on the chair uses the exercise assisting
device, variation of height of the chair enables the user
to adjust degrees of the load. Therefore, it is possible to
obtain the exercise assisting device being configured to
adjust degree of the load according to the user’s physical
strength. Further, in a case where the user who is lifted
by the lifting sling use this exercise assisting device, it is
preferred that the lifting sling is configured to lift the user’s
body only when the user lose the user’s balance to come
near to fall. With this configuration, it is possible to obtain
the exercise assisting device which is suitable for the
user who loses balance due to atrophy of the balance
function or for the user who loses the strength of the
muscles.

[0095] Furthermore, in a case where the user uses the
exercise assisting device for stimulating the leg muscles,
itis possible to dispose the housing 1 to have the left foot
support 2a and the right foot support 2b which is driven
to move in the vertical direction as well as in the lateral
direction. Consequently, the user is able to use the ex-
ercise assisting device with supine body position. In this
case, the user’s weight causes no load. However, hos-
pital patients who lie in hospital beds are also able to use
the exercise assisting device. Therefore, the exercise as-
sisting device with the above disposition makes it possi-
ble for the hospital patients who lie in the hospital beds
to prevent the loss of the leg muscle strength and blood
stasis of the leg. Furthermore, the exercise assisting de-
vice with the above disposition makes it possible for the
hospital patients who lie in the hospital beds to prevent
bedsores by varying the position of the user’s back.

(Embodiment 3)

[0096] The present embodiment is basically identical
to the first embodiment except for the configuration of
the slide drive 31 and the swing drive 32. As shown in
FIG. 13, the swing drive 32 includes a pair of side plates
22 depending from the opposite lateral sides of each of
the left and right foot supports 2a and 2b. Each of the
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side plates 22 is formed with a cam groove 23 which
extends through the side plate 22 in lateral direction. Two
guide bars 24 are fixed on the housing 1 and extend
through cam grooves 23. The slide drive 31 has the same
configuration as in the second embodiment to have the
eccentric rotor 34 receiving the rotary force from the rout-
er 33, and the crank rod 35 which has its one end coupled
to the eccentric rotor 46 and has it's the other end coupled
tothe corresponding one of the left and right foot supports
2a and 2b by way of the crank journal 35b.

[0097] The cam groove 23 has an inverted V-shape
with its opposite ends lowered than its center. The two
guide bars 24 are provided to bear the load acting on the
corresponding one of the left and right foot supports 2a
and 2b.

[0098] Since the cam groove 28 has its center higher
than its opposite ends, while each of the left and right
foot supports 2a and 2b is driven by the slide drive 31 to
make the sliding movement, the upper surface of each
foot supportis varying its surface angle in such a manner
that the toe is lowered than the heel when each foot sup-
port comes to its forward end position, and the heel is
lowered than the toe when each foot support comes to
its rearward end position, as shown in FIG. 14.

[0099] Asthe contour ofthe cam groove 23 determines
the manner of varying the top surface angle of the left
and right foot supports 2a and 2b, it is easy to give a
suitable relation between the position along the sliding
movement path and the vertical displacement for each
of the left and right foot supports 2a and 2b. Further, the
above configuration enables to swing each foot support
without requiring to drive the foot support about a dedi-
cated axis, enhancing flexibility of designing various pat-
terns of varying the angle of the ankle joint.

[0100] Withthe use of the side plates 22 with V-shaped
cam groove 23 instead of the inverted V-shaped cam
groove 23, the toe is raised higher than the heel when
the corresponding one of the left and right foot support
2a and 2b comes to the forward end position of its sliding
movement range, and the heel is raised higher than the
toe when the toe when it comes to the rearward end po-
sition of the sliding movement range. Although Fig. 13
shows the configuration by which the angle of the ankle
joint varies in a pattern different from the walking with
varying foot position along the forward/rearward direc-
tion, the cam groove 28 may be suitable shaped to bring
about the same pattern of varying the angle of the ankle
joint as seen in the walking.

[0101] The illustrated embodiment has the cam
grooves 23 each in the form of slot through which the
guide bars 24 extend. However, it is also possible to em-
ploy only a cam face, without the cam groove 23 in the
side plate 22. With this configuration, it is possible to re-
duce the vertical dimension of the housing for realizing
a low-profile structure of the housing 1.

[0102] Since the present embodiment is identical to
the second embodiment except for the structure of the
second driver 32, no further explanation is deemed nec-
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essary for the identical structures.
(Fourth embodiment)

[0103] In above mentioned embodiment, the slide
drive is configured to slide the left foot support 2a and
the right foot support 2b relative to the housing 1. How-
ever, it is possible to employ the left foot support 2a and
the right foot support which are not driven to slide by the
slide drive 32 but driven to swing by the swing drive. In
short, the left foot support 2a and the right foot support
2b are configured to be driven to swing relative to the
housing 1, and are not configured to driven to slide rel-
ative to the housing 1.

[0104] Fig. 15 shows a schematic configuration of the
drive unit 3. The motor 30 which acts as the driving source
has the output shaft 30a which is coupled to a conical
gear 33. The conical gear 33 is meshed with two pinions
33d. That is, the conical gear 33c cooperates with the
pinions 33d to constitute the router 33. The pinions 33d
of the router 33 are respectively coupled to a rotor shafts
43c which act as the axles of the left foot support 2a and
the right foot support 2b.

[0105] The conical gear 33cis meshed with the pinions
33d at meshing points.

The meshing points are set to have the phase difference
of 180 degrees. Therefore, the inclination angle of the
left foot support 2a with respect to the right foot support
2bhasthe phase difference of 180 degrees. Thatis, when
the front end of the left foot support is located at a lowest
position of the movable range, the right foot support is
located at a highest position of the movable range. On
the contrary, the front end of the left foot support 2a is
located at a highest position of the movable range, the
right foot support is located at a lowest position of the
movable range. The movement direction of the left foot
support 2a upward from beneath or downward from
above is switched by rotation direction of the motor 30.
In short, the exercise assisting device further comprises
a sensor and a controller which are not shown. The sen-
sor is configured to sense at least one of rotation angle
of the motor 30 or the position of the let foot support 2a
and the right foot support 2b. The controller controls the
rotation direction of the motor so as to vary the angle of
the left foot support 2a and the right foot support 2b within
a suitable angle range.

[0106] Both of the rotor shafts 43c is disposed to make
angle of 10 degree with the lateral direction of the user.
Thus, it is preferred that the positioning means 21 in Fig.
3is arranged on the left foot support 2a and the right foot
support 2b to allow the user’s foot to orient a direction
perpendicular the rotor shaft 32c. With this configuration,
the user’s left foot has the toe being located at left side
from the heel of the left foot. The user’s right foot has the
toe being located at right side from the heel of the right
foot. In other words, the user is able to stand to have
angle of 20 degrees between the one’s legs by putting
the user’s foots on the positioning means 21, thereby
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being able to have the standing posture naturally. Con-
sequently, there is no possibility of twisting the user’s
ankle joint and the user’s knee joint. It is more preferred
that the left foot support 2a is spaced from the right foot
support by a lateral distance which has almost same dis-
tance between the hip joints. Accordingly, it is possible
to reduce the shearing force caused at the hip joints.
[0107] Bytheway, inthe illustrated embodiment, each
of the rotor shafts 43 which define the axis Ax is located
at front side of a position immediately below the ankle
joint. Therefore, as shown in Fig. 12, the ankle joints are
moved to vary the vertical position according to the swing
of the ankle joint. Because the left foot support 2a and
the right foot support 2b are not configured to slide, the
positions of the left and the right foot within the upper
surface ofthe housing 1 is not varied. However, the swing
of the ankle joint causes variation of the height of the
ankle joints. As a result, same as the first embodiment,
it is possible to stimulate the muscles around the knee
joint, the hip joint, and the lower back. The exercise as-
sisting device in this embodiment is same as the first
embodiment excepting for feature that the slide drive 31
is not employed.

(Fifth embodiment 5)

[0108] The exercise assisting device in the fourth em-
bodiment has the rotor shafts 43c which are disposed at
the front side from the position immediately below the
ankle joint, thereby the ankle joint is moved largely along
the vertical direction. On the contrary, as shown in Fig.
16, it is possible to employ the configuration which is
configured to displace the rotor shaft 43d along the ver-
tical direction. With this configuration, it is possible to
further increase the variation amount of the ankle joint in
the vertical direction.

[0109] In the illustrated embodiment, each of the left
foot support 2a and the right foot support 2b has the rotor
shaft 43d which is fixed at the front side from a position
immediately below the ankle joint. Each of the left foot
support 2a and the right foot support 2b has its rear end
fixed to the guide shaft 46. Both ends of the rotor shaft
43d extends to project on either side of each of the left
foot support 2a and the right foot support 2b, thereby the
rotor shaft 43d extending through the guide slit 45a which
is provided with the bearing 45. Therefore, the guide shaft
46 has both ends which project on either side of each of
the left foot support 2a and the right foot support 2b, and
is held by the slide slits 47a at holders 47. The slide slit
47 is formed to have a curved shape such that the guide
shaft 46 is capable of moving upward and downward.
That is, the slide slit 47 is curved to have a mid portion
and the both end in the vertical direction. The distance
between the bearing 45 and the mid portion of the slide
slit 47 is larger than the distance between the bearing 45
and the both end of the slide slit 47.

[0110] In order to move the guide shaft 46 in a vertical
direction along the slide slit 47, the crank rods 48 respec-
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tively have one end coupled to the left foot support 2a
and the right foot support 2b, and have the other end
coupled to an eccentric rotor 49 formed to have disk
shape to be rotate in either of its opposite direction by
the motor which is not shown. Attachment position of the
eccentric rotor 49 to the crank rod 48 is apart from the
center of the eccentric rotor 49. When the eccentric rotor
is rotated in either opposite direction, the position of one
end of the crank rod 46 in the slide slit 47 is varied.
[0111] However, there is a necessity to apply force of
raising the guide shaft 46 when the one end of the crank
rod 46 is raised from the lowest position to the highest
position according to the rotation of the eccentric rotor
49, Therefore, in the illustrated embodiment, the left foot
support 2a has lower surface coming into contact with
eccentric cam 50. The right foot support 2b has lower
surface coming into contact with eccentric cam 50. These
eccentric cams 50 are rotated by the rotation of the ec-
centric rotor 49. The eccentric rotors 49 are coupled to
the eccentric cam 50 via a connection rod which is not
shown. The left foot support 2a is raised by the eccentric
cam 50 when one end, coupled to the eccentric rotor 49,
of the crank rod 48 is located at the top end. The right
foot support 2b is raised by the eccentric cam 50 when
one end, coupled to the eccentric rotor 49, of the crank
rod 48 is located at the top end. That is, the eccentric
rotor 49 are coupled to the eccentric cam 50 via the con-
nection rod. The eccentric rotor 49 is rotated with the
eccentric cam 50 in a linked manner.

[0112] In this arrangement, the linked manner is con-
figured to have the rotor shaft 43d being located at the
lower end of the movable range when the heel is located
lower than the toe, and is configured to have the rotor
shaft 43d being located at the upper end of the movable
range when the heelis located higher than the toe. There-
fore, compared with a case where each of the left foot
support 2a and the right foot support 2b is simply swung
about the rotor shaft 43d, the configuration makes it pos-
sible to move the ankle joint of the vertical direction large-
ly. The large vertical movement of the ankle joint applies
large stimulations to the muscles of the knee joint, the
hip joint, and the upper body. Therefore, it is possible to
increase the training effect. The other configurations and
movements are same as the first embodiment.

[0113] Ineachofthe above embodiments, the exercise
assisting device comprises the left foot support 2a and
the right foot support 2b each of which is swung about
the rotor shaft 43, the axle, as a center. However, the
axle receives a large load in a case where only the axle
supports the user’s weight. Thus, there is a necessarily
to employ axles and bearings which have large strength.
Therefore, itis preferred to employ an auxiliary spring 51
which is disposed between the left foot support 2a and
the housing 1 to receive a part of the user’s weight. Sim-
ilarly, itis preferred to employ an auxiliary spring 51 which
is disposed between the right foot support 2b and the
housing 1 to receive a part of the user’'s weight. These
auxiliary springs 51 are configured to distribute the load
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which is applied to the left foot support 2a and the right
foot support 2b.

[0114] In the illustrated embodiment, the auxiliary
spring 51 is disposed at the front of each of the left foot
support 2a and the right foot support 2b. The auxiliary
spring 51 is utilized for compression, and is attached in
a more compressed condition than a natural length of
the auxiliary spring 51. In addition, the auxiliary springs
51 are configured to generate spring biases which keep
the upper surfaces of the left foot support 2a and the right
foot support 2b horizontally. Therefore, the axles receive
the upward force constantly. Therefore, the spring bias
reduces the load which is caused by the user’s weight
and is applied to the left foot support 2a and the right foot
support 2b. Therefore, the spring bias reduces the load
applied to the axle. That is, the auxiliary spring 51 makes
it possible to employ axles and bearings which have low
strength.

[0115] In Fig. 17, the exercise assisting device com-
prises a rotor 52. The rotor 52 is configured to rotate in
either of its rotation direction upon receiving the rotary
forces of the motor defined as the driving forces in order
to swing the left foot support 2a and the right foot support
2b. The left foot support 2a and the right foot support 2b
are respectively formed with guide slits 53 which extend
along the longitudinal direction of the left foot support 2a
and the right foot support 2b. The guide slit 53 is config-
ured to receive a slide pin 52 being projected to the rotor
52. The rotor 52 is configured to be rotated around a
center axis extending along the width direction of the foot.
The slide pin 52a is projected along the center axis of
the rotor 52.

[0116] The rotor 52 is rotated in a condition where the
user'sweightis located at a position upside of the rotation
center of the rotor 52. The right side of Fig. 17(a) shows
the front side of the exercise assisting device. As shown
in Fig. 17, when the slide pin 52a is moved to be located
at a rear from the center axis of the rotor 52, the user’s
weight causes the rotary force which rotates the left foot
support 2a around the slide pin 52a and which directs
the user’s toe downwardly. Similarly, when the slide pin
52ais moved to be located at a rear from the center axis
of the rotor 52, the user’s weight causes the rotary force
which rotates the right foot support 2b around the slide
pin 52a and which direct the user’s toe downwardly. As
shown in Fig. 17 (b), when the slide pin 52 is moved to
be located at the front from the center axis of the rotor
52, the user’s weight causes the rotary force which ro-
tates the left foot support 2a around the slide pin 52a and
which directs the user’s heel downwardly. Similarly, when
the slide pin 52 is moved to be located at the front from
the center axis of the rotor 52, the user’s weight causes
the rotary force which rotates the right foot support 2a
around the slide pin 52a and which directs the user’s heel
downwardly.

[0117] In this case, the auxiliary spring 51 is attached
to the front end and the rear end of the left foot support
2a. Therefore, the left foot support 2a is allowed to swing
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about the slide pin 52a to vary an angle arbitrarily. The
auxiliary spring 51 is attached to the front end and the
rear end of the right foot support 2b. Therefore, the right
foot support 2b is allowed to swing about the slide pin
52a to vary an angle arbitrarily. However, in this config-
uration, the swing angle of the left foot support 2a and
the right foot support 2b is varied according to the user’s
weight and the standing position. Therefore, it is pre-
ferred to employ a stopper which is configured to prohibit
the inclination of the left and right foot supports 2a, 2b to
have an inclination angle larger than a predetermined
angle.

[0118] In the above mentioned embodiment, the left
foot support 2a and the right foot support 2b respectively
have its upper surface which is planate. However, it is
not necessarily the case to employ the left and right foot
support 2a and 2b which have planate upper surface.
[0119] For example, it is possible to employ the left
foot support 2a and the right foot support 2b respectively
formed to have cylindrical column shape shown in Fig.
18. According to this configuration, each of the left foot
support 2a and the right foot support 2b has its swing
center which is aligned to the axle for varying the top
surface angle of each of the left foot support 2a and the
right foot support 2b. With this configuration, contact po-
sitions of the foot bottom and the left foot support 2a is
varied according to the rotation of the left foot support 2a
while the representative points of the left foot support 2a
slides. Therefore, the upper surface angle of the left foot
support 2a is varied. Similarly, contact positions of the
foot bottom and the right foot support 2ais varied accord-
ing to the rotation of the right foot support 2a while the
representative points of the right foot support 2a slides.
Therefore, the upper surface angle of the right foot sup-
port 2ais varied. At this time, the load applied to a portion
of the foot bottom is varied. Therefore, the angle of the
knee joints is varied. As a result, same effect in the first
embodiment is expected.

[0120] In addition, according to the variation of the po-
sition to which the load is applied, reflex points in the foot
bottoms are stimulated. Furthermore, not whole of the
foot bottom but a part of the foot bottom receives the
user’s weight, the user is required to put some toe muscle
in order to keep balance. As a result, muscles relates to
the toe muscles is strengthened, thereby force of a kick
being increased. In addition, comparing with the above
embodiments, because difficulty of keeping balance is
increased, the muscles such as the lower back and the
nervus for keeping balance are trained.

[0121] It is possible to employ the left and right foot
supports 2a and 2b respectively being formed to have a
sphere shape shown in Fig. 19 instead of the cylindrical
column shape. By operating the sphere-shaped left and
right foot supports 2a and 2b similar to the cylindrical
column shape of the left and right foot supports 2a and
2b, contact area between the foot bottom and the each
of the left and right foot support 2a and 2b is decreased.
Therefore, it is possible to train the advanced balance
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training.

[0122] Itis noted that the single motor 30 is employed
in order to slide the left foot support 2a and the right foot
support 2b as well as to vary the upper surface angle of
the left foot support 2a and the right foot support 2b at
the same time in the above embodiments. However, it is
possible to employ two motor instead of the router 33 in
order to individually move the left foot support 2a and the
right foot support 2b. Itis possible to employ the individual
motor for the slide drive 31 and the swing drive 32. In a
case where the configurations are employed, it is re-
quired to employ a controller for operating the both of the
motors in a linked manner. Further, the motor is not lim-
ited to the rotation motor. A linear motor is also capable
of employing as the motor.

Claims
1. An exercise assisting device comprising:

a left foot support and a right foot support re-
spectively configured to bear a user’s left foot
and right foot;

a drive unit configured to displace at least one
of said left and right foot supports; and

aframe mounting said left and right foot supports
and said drive unit,

wherein

each of said left and right foot supports is ar-
ranged to prescribe a foot position on which the
foot is placed on,

said drive unitincludes a swing drive configured
to vary an angle of a top surface angle of at least
one of said left and right foot supports relative
to said frame for varying an ankle joint angle.

2. An exercise assisting device comprising:

a left foot support and a right foot support re-
spectively configured to bear a user’s left foot
and right foot;

a drive unit configured to displace at least one
of said left and right foot supports; and

aframe mounting said left and right foot supports
and said frame,

wherein

each of said left and right foot supports is ar-
ranged to prescribe a foot position on which the
foot is placed on,

said drive unit includes a slide drive configured
to slide at least one of said left and right foot
supports along a movement plane defined on
the side of said frame, and a swing drive config-
ured to vary a top surface angle of at least one
of said left and right foot supports relative to a
top plane of said frame for varying an ankle joint
angle.

10

15

20

25

30

35

40

45

50

55

17

3.

An exercise assisting device as set forth in claim 1
or 2, wherein

said swing drive is configured to swing at least one
of said left and right foot supports about a predeter-
mined axle for varying the top surface angle relative
to a top plane of said frame, said axle being posi-
tioned to have its axis extending through the ankle
joint.

An exercise assisting device as set forth in claim 1
or 2, wherein

said swing drive is configured to swing at least one
of said left and right foot supports about a predeter-
mined axle for varying the top surface angle relative
to a top plane of said frame, said axle being posi-
tioned immediately below the ankle joint.

An exercise assisting device as set forth in claim 1
or 2, wherein

said swing drive is configured to swing at least one
of said left and right foot supports about a predeter-
mined axle for varying the top surface angle relative
to a top plane of said frame, said axle being posi-
tioned below the foot bottom and offset forward or
rearward relative to the ankle joint.

An exercise assisting device as set forth in claim 1
or 2, wherein

said swing drive is configured to swing at least one
of said left and right foot supports about a predeter-
mined axle for varying the top surface angle relative
to a top plane of said frame, and vary a vertical po-
sition of said axle in accordance with the varying top
surface angle.

An exercise assisting device as set forth in claim 1
or 2, wherein

said foot position is prescribed to put a toe of the
user’s left foot on the left side away from its heel for
the left foot support, and put a toe of the user’s right
foot on the right side away from its heel for the right
foot support,

said swing drive is configured to vary the top surface
angle of each of said left and right foot supports rel-
ative to the top plane of said frame in a movable
direction about the ankle joint of the user’s foot held
in said prescribed position.

An exercise assisting device as set forth in claim 1
or 2, wherein

each of said left and right foot supports is provided
with positioning means prompting the placement of
the user’s foot on the prescribed position.

An exercise assisting device as set forth in claim 1
or 2, wherein

said slide drive is configured to reciprocate the left
and right foot supports in a forward/rearward direc-



10.

11.
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tion respectively along individual travel paths, while
varying a lateral distance between said left and right
foot supports with regard to representative points of
the left and right foot supports, said lateral distance
between forward ends of said travel paths differing
from the lateral distance between rearward ends of
said travel paths.

An exercise assisting device as set forth in claim 9,
wherein

said slide drive includes a moving direction deter-
miner configured to adjust an angle of the travel path
relative to the forward/rearward direction, said travel
path extending linearly and being defined by a line
connecting the forward end and the rearward end of
the representative points.

An exercise assisting device as set forth in claim 1
or 2, wherein

said slide drive is configured to move said left and
right foot supports in an opposite phase relation
along the forward/rearward direction so as to keep
a center of gravity of the user at a constant position
in the forward/rearward direction.
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