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SPECIFICATION

TITLE OF THE INVENTION: BED APPARATUS

Technical Field
[0001]
The invention relates to a bed apparatus including, at

least, two drivers, or a first driver and a second driver.

Background Art
Disclosure of Invention
[0002]

Conventionally, the beds used by users such as patients,
caregivers and others can be categorized into two groups,
the beds to be used for medical care in hospitals and the
like (which will be referred to hereinbelow as hospital beds)
and the beds to be used for nursing care at nursing facilities,
home and the like (which will be referred to hereinbelow as
nursing beds).

[0003]

Differing from the hospital bed, the nursing bed needs
to be compact and lightweight because of restrictions on the
installation site. Further, for ease of transportation and
gsetting, the nursingbed is usually composed of multiple parts

so as to allow easy assembly and disassembly of the bed.
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[0004]

On the other hand, there have been technologies for
allowing change of the height of the bed apparatus, i.e.,
lowering the bed in order to allow the user to move from the
bed apparatus, and raising the bed in order to allow the
caregiver to readily give nursing care (see Patent Document

1, for example).

Prior Art Documents
Patent Documents
[0005]

Patent Document 1:

Japanese Patent Application Laid-open 2008-207642

Summary of the Invention
Problems to be Solved by the Invention
[0006]

Herein, when the height of the bed apparatus is changed,
it is typical to use a drive unit. One example of the drive
unit is configured to change the height of the bed apparatus
byusinganelectricactuatorandalinkingmechanismconnected
to the electric actuator.

[C007]
In the case of the bed apparatus, the drive unit receives

a load depending on whether or not the user is residing in
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bed, the user’s physique, position and the like. As a result,
in some cases, there occurs adeviationbetween the instructed
amount of movement to the drive unit (e.g., the height in
the 1ift unit, the back raising angle in the back raising
mechanism and the like) and the actual amount of movement.
Though this deviation is small if error just occurs once,
the amount of error becomes greater if many drive units are
operated, posing trouble.

[0008]

In particular, there has been developed a bed apparatus
that can change the bed height at the head side and at the
foot side, using two drive units (actuators). Changing the
height at the head and foot sides enables the bed apparatus
to tilt in the longitudinal direction. This produces the
effect of reducing user’s burden.

[0009]

However, in the case of the bed apparatus of this kind,
if the errors of the drive units on the head and foot sides
arise diversely, there occurs the problem that the bed
apparatus (i.e., the bed bottom) is tilted down on the head
side (or on the foot side) due to height errors even if the
bed apparatus is desired to be set flat.

[0010}
In view of the above problems, it is therefore an object

of the present invention to provide a bed apparatus which
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can make the designated state of the bed apparatus coincide
with the actual state of the bed apparatus by appropriately

correcting errors arising in its drive units.

Means for Solving the Problems
[0011]

In orxder to sclve the above problem, according to the
bed apparatus of the present invention, a bed apparatus
including, at least, twodrivers or a first driver and a second
driver, the first driver being in linkage with the second
driver, comprises:

a calculating means for calculating a calculated bed
state value, based on the first driver and the second driver;

an error detecting means for detecting error between
the calculated bed state value and a designated bed state
value designated by the user;
and,

an error correcting means for correcting the detected
error when an error is detected by the error detecting device.
[0012]

Anotherbedapparatusof thepresent inventioncomprises:

a bottom 1lift, including a head-side 1ift unit having
a first driver arranged close to the head side of the bed
apparatus, and a foot-side 1ift unit having the second driver

arranged close to the foot side of the bed apparatus; and,
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an errxor correcting means for detecting error of the
bottom 1ift and correcting the detected error, wherein

the error correcting means includes:

a head-side error detecting means for detecting an error
between the designated height of the head-side 1ift unit and
the actual height of the head-side 1ift unit; and,

a foot-side error detecting means for detecting an érror
between the designated.heightiof'the foot-side 1ift unit and
the actual height of the foot-side 1lift unit, and,

whenanerrorisdetectedbythe head-sideerrordetecting
means and/or the foot-side error detecting means, the error

correcting means corrects the error.

Effect of the Invention
[0013]

According to the bed apparatus of the present invention,
the first driver and the second driver are linked with each
other. Based on the first driver and the second driver, a
calculated bed state value is calculated so as to detect the
difference between the calculated bed state value and the
designatedbed state value designatedby theuser. Asaresult,
it is possible to appropriately correct error that arises
when the first driver and the second driver operate in linkage
with each other.

[0014]
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According to the present invention, the bed apparatus
comprises: abottomlift includingahead-side liftunithaving
a first driver arranged close to the head side of the bed
apparatus and a foot-side 1ift unit having the second driver
arranged close to the foot side of the bed apparatus; and,

an error correcting means for detecting error of the
bottom 1lift and correcting the detected error. The error
correcting means includes: a head-side error detecting means
for detecting an error between the designated height of the
head~-side 1ift unit and the actual height of the head-side
lift unit; and a foot-side error detectingmeans for detecting
an error between the designated height of the foot-side 1ift
unit and the actual height of the foot-side 1ift unit. When
an error is detected by the head-side error detecting means
and/or the foot-side error detecting means, the error
correcting means corrects the error. As a result, in the bed
in which the heights on the head foot sides are varied, the
error between the head-side height and the foot-side height

can be detected and corrected.

Brief Description of Drawings

[0015]

[FIG. 1] A perspective view showing a bed apparatus (frame
structure) in the present embodiment.

[FIG. 2] Aperspective view showinga lift unit in the present
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embodiment.

[FIG. 3] Adiagram for explaining a functional configuration
of a bed apparatus in the present embodiment.

[FIG. 4] Adiagram for explaining a functional configuration
of a bed apparatus in the present embodiment.

[FIG. 5] A chart for explaining one example of a state table
in the present embodiment.

[FIG. 6] A diagram for illustrating an operation in the
present embodiment.

[FIG. 7] A chart showing the operation flow of a driving
process of the first example in the present embodiment.
[FIG. 8] A chart showing the operation flow of a process of
error correction of the first example in the present
embodiment.

[FIG. 9] A chart showing the operation flow of a process of
error correction of the first example in the present
embodiment.

[FIG. 10] A chart showing the operation flow of a process
of error correction of the second example in the present
embodiment.

[FIG. 11] A chart showing the operation flow of a first
processing example in the present embodiment.

[FIG. 12] A chart showing the operation flow of a second
processing example in the present embodiment.

[FIG. 13] A chart showing the operation flow of a third
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processing example in the present embodiment.
[FIG. 14] A chart showing the operation flow of a fourth

processing example in the present embodiment.

Mode for Carrying Out the Invention
[001¢6]

Next, the embodiments of the present invention will be
described with reference to the accompanying drawings. The
embodiments hereinbelow are to give explanation of necessary
and sufficient states for illustration of the present
invention, and are not intended to limit the details of the
present invention.

[0017]
[1. Apparatus Outline]

FIG. 1 is an overall perspective view of a frame on which
bottoms aremounted in a bed apparatus according to the present
invention.

[0018]

In FIG. 1, in the bed apparatus, the head side to which
the user’s head is criented when the user is lying is indicated
by “H” and the foot side to which the user’s feet are oriented
when the user is lying is indicated by “F”. The right-hand
side (the left side of the bed apparatus when viewed from
top) of the user when the user is lying supine is indicated

by “"R” and the opposite side or the left side (the right side
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of the bed apparatus when viewed from top) of the user when
the user is lying supine is indicated by “L”.
[0018]

As shown in FIG. 1, the bed apparatus is essentially
comprising: a top frame 10 having an approximate ladder
structure with its length oriented along the direction from
the head side end to the foot side end and its short side
oriented in the width direction, a bottom (not shown) placed
on the top frame 10; and 1lift units 14 (a head-side 1ift unit
14H and & foot-side 1ift unit 14F) that are arranged on the
head and foot sides under the top frame 10, respectively,
to support the top frame 10 so as to be raised and lowered
relative to the floor.

(0020}

Approximately rectangular support frames 16 (a support
frame 16H for the l1ift unit 14H and a support frame 16F for
the 1ift unit 14F), longer in the width direction of the bed
apparatus, are fixed at the head side and foot side to the
underside of the top frame, in order to set the top frame
on top of the 1ift units 14H and 14F.

[0021]

The lower ends of the liftunits 14Hand 14F are detachably
connected to each other by a connecting frame 18. The
connecting frame 18 has a paired pipe frame structure, which

is arranged with its length oriented to the head and foot
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sides.
[0022]

The 1ift units 14H and 14F each include a drive unit
{e.g., an actuatoxr), so that the drive force of esach actuator
is controlled separately. Drive contrcl of each actuator
makes it possible to performa tilting operation of producing
height difference between the head side and foot side of the
top frame 10.

[0023]

FIG. 2 shows a perspective view of an example of the
1ift unit 14H. The lift unit 14H is equipped with an actuator
32, towhichalinkingmechanismis connected. Astheactuator
32 operates, the support frame 16H in FIG. 1 set on a frame
l6a is raisedby the connected linkingmechanism. Asaresult,
the top frame 10 coupled with the support frame 16H moves
up. As to the lift unit 14F, an actuator 34 is provided so
as to achieve similar operation.

[0024]

The top frame 10 is also equipped with a back-raising
linkage 20 on the head side and a knee-raising linkage 22
around the center. Further, drive units for driving these
linkages are also provided. In the present embodiment,
actuators are coupled with the linking mechanisms so that
back-raising and knee~raising (feet-lowering) operations are

performed by actuators via the linking mechanisms. For



10

15

20

25

11

example, an actuator 36 is used for back rise and an actuator
38 is used for knee rise.
[0025]

A back-raising operation can be achieved by actuating
a back raising rod with the bottom mounted on the top frame,
whereas a knee~raising operation can be achieved by actuating
a knee raising rod.

[0026]
[2. Functional Configuration]

Next, the functional configuration of the bed apparatus
in the present embodiment will be described using drawings.
FIG. 3isadiagramforexplainingthe outline of the functional
configuration of the bed apparatus.

[0027]

The bed apparatus includes a controller 100 to which
a drive controller 200, a state detector 300, a storage 400
and an operation display portion 500 are connected.

[0028]

The controller 100 is a functional unit for controlling
the bed apparatus as a whole. The controller 100 reads out
diverse programs stored in the storage 400 and executes the
programs to implement various functions, and is formed of
a CPU (Central Processing Unit) and the like.

[0029]

The drive controller 200 is a functional unit for
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controlling the drivers (drive units, actuators in this
embodiment) provided for the bed apparatus. The drive
controller 200 is provided as, for example a control unit
or the like.

[0030]

The drive controller 200 will be described referring
to FIG. 4. As illustrated in FIG. 4, the drive controller
200 includes a bottom controller 210 for controlling
back-raising, knee-raising (foot-lowering) and other
functions and a height controller 220 for controlling the
height of the bed apparatus.

[0031]

Inorder toachieve the back-raising function, the bottom
controller 210 is connected to a back bottom driver 212 and
a knee bottom driver 214. The back bottom driver 212 is the
actuator 36 in FIG. 1, which is connected to the back-raising
linkage 20 via the linking mechanism. A back bottom 42 set
on the linkage 20 is operated by control of the back bottom
driver 212 to thereby perform back-raising and back-lowering
control.

[0032]

The knee bottom driver 214 is the actuator 38 in FIG.
1, which is connected to the knee-raising linkage 22 via the
linking mechanism. A knee bottom 46 set on the linkage 22

and a foot bottom 48 coupled thereto are operated by control
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of the knee bottom driver 214 to thereby perform knee-raising
and knee—lowering (foot- lowering and foot-raising) control.
[0033]

That is, in the present embodiment, a head-side driver
222 is provided as the first driver and a foot-side driver
224 is provided as the second driver. The head-side driver
222 and the foot-side driver 224 operate in linkage with each
other to cause the bed apparatus to move up and down and tilt.
[0034]

The upper body of a user P is supported by the back bottom
42 and the hips are supported by a hip bottom 44. The knee
bottom 46 abuts and supports the thighs of the user P to prevent
theuser P frommovinginthe foot-sidedirectionF, forexample.
[0035]

The height controller 220 controls the bed height, and
is connected to the head-side driv-er 222 and the foot-side
driver 224. The head-side driver 222 is the actuator 32 in
FIG. 1 to realize the raising/lowering function of the lift
unit 14H. The foot-side driver 224 is the actuator 34 in FIG.
1, which realizes the raising/lowering function of the lift
unit 14F. When the head-side driver 222 and the foot-side
driver 224 are controlled by the same amount of control (in
one word, the lift unit 14H and the 1lift unit 14F are set
to the same height), the height of the bed apparatus can be

changed while keeping the bed horizontal.
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[0036]

When the head-side driver 222 and the foot-side driver
224 are controlled by different amounts of contrcl (in one
word, theliftunitl4Bandtheliftunitl4Faresettodifferent
heights), a tilting operation of the bed apparatus can be
realized so as to tilt the bed.

[0037]

The state detector 300 is a functional unit for detecting
the entire state of the bed apparatus. For example, the
detector can detect the state of the bed apparatus (as to
whether or not back-raising has been performed or not, and
others), detect the current height of the bed apparatus and
detect whether or not the user is currently staying on the
bed apparatus.

(0038]

It is also possible to detect bed state values as to
the state of the bed apparatus. The bed state values are
numerals representing the state of the bed apparatus. For
example, various kinds of numerals as to bed such as the height
difference between the head side and the foot side, the angles
of back raising and knee raising and the angle of the top
frame 10 relative to the floor (horizontal plane) can be
detected.
t0039]

A state detector 300 may perform detection by use of
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various sensors, ormay performdetection based on the signals
from the actuators. For example, to detect the back-raising
angle, the correlation between the amount of operation of
the actuator 36 (the extended amount of the rod) and the
back-raising angle has been stored beforehand. With this,
it is possible to detect the back-raising angle, achieved
by the actuator 36, by detecting the current state of the
actuator 36.

[0040]

Further, the correlationbetween the amount of operation
of the actuator 32 (34) and the 1lift unit 14H (14F) has been
stored beforehand. With this, it is possible to detect the
current height and tilt angle of the top frame 10.

[0041]

Though, for description convenience, explanation herein
will bemade on the assumption that detectionof various states
is performed by the state detector 300, the controller 100
may perform all the detection.

[0042]

The storage 400 is a functional unit that stores various
kinds of data and various kinds of programs necessary for
operations of the bed apparatus. The storage 400 is made up
of, for example, semiconductor memories, HDDs (Hard Disk
Drives) and the like. Further, the storage 400 also stores

a state table 410 and a threshold table 420.
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[0043]

The state table 410 is a table that stores various states
of the bed apparatus. FIG. 5 shows one example of the state
table 410. As shown in FIG. 5, the back bottom angle (e.g.,
“50°”) formed between the back bottom 42 and the top frame
10, the heights from the initial state at the 1ift units 14
are recorded.

[0044]

As the heights of the lift units 14, the height of the
lift unit 14H is recorded as the head-side height (e.g., “16”)
and theheight of the liftunits 14F is recordedas the foot-side
height (e.g., “10”). Herein, the “height” in this embodiment
is indicated by the measurement from the lowest position (the
lowest state of the 1lift unit), which is set at “0”. Other
than this, the height from the floor, for example may be
recorded.

[0045]

Though, for description convenience, the states of the
bed apparatus are stored in the form of the state table 410
in the present embodiment, it is not necessary to have the
states of the bed apparatus recorded. That is, the states
of the bed apparatus may be detected through the state detector
300 when reguired.

[0046]

Athresholdtable 420 isatable storesvarious thresholds.
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The thresholds may have been stored beforehand, or may be
designated by the user side. Alternatively, the thresholds
may be designated based on the use environment when the bed
apparatus is installed (set up). The thresholds to be stored
will be explained as appropriate in the description of the
processes.

[0047]

Referring now to FIG. 6, the angles:réferred to in the
present embodiment will be described. In FIG. 6, the back
bottom 42 is raised at an angle of 01 from the top frame 10.
This angle 681 is the back bottom angle. The top frame 10 is
inclined at an angle of 62 to the horizontal. As a result,
the bed apparatus is totally inclined (as the back-raised
angle from the horizontal) at angle 01 + angle 02.

[0048]

In this case, the top frame 10 is positioned so that
the height on the head side is raised by hH from the initial
state and the height on the foot side is raised by hF from
the initial state. Fromthese heights, 062, the inclined angle
of the top frame can be calculated. For example, when the
length of the top frame 10 is X, the angle 62 can be determined
by sin™*((hH-hF)/X).

[0049)]
Since the user’s back-raised angle is given as the angle

01 + the angle 62, the total inclination (the back-raised angle
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from the horizontal) of the bed apparatus can be determined.
[0050]
[3. Examples]

Next, examples in the present embodiment will be
described using operation filows. The examples in the present
embodiment is, for example a process that is applied to a
case where when two or more drivers are operated, each driver
operating individually. That is, the examples are to correct
determined errors of bed state values when two or more drivers
operate in linkage with one another.

[0051]
(3. 1 The First Example]
[3. 1. 1 Actuating Process]

Referring first to FIG. 7, description will made on a
case where each operation (driving operation) of the bed
apparatus is performed. For example, adriver control signal
is received from the user (Step S102; Yes), the driver starts
operating (Step S104).

[0052]

Herein, the operation of a driver may be a control
operation such as, for example a back-raising operation,
knee-raising operation or the like, or may be a height
adjustment cf the bed apparatus (bottom portion). While a
driver control signal is being received, kthe driver continues

to operate. When reception of the driver control signal is
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ended (there is no input of the driver control signal), the
driver stops (Step S106; Yes -> Step S$108).
[0053]

That is, when the user performs an operation of raising
the bed height, the head-side driver 222 and the foot-side
driver 224 operate. Specifically, the rods of the actuatozrs
forming the drivers extend so as to raise the height of the
bottom portion via the linking mechanisms.

[0054]

Further, operations are performed not only by user
control, but also in response to the control signals from
the controller 100. For example, when the back-raising
operation is selected by the user, the back bottom driver
212 operates first so that the back bottom 42 rotates and
sets to the back-raised state. Then, as the back bottom 42
reaches a predetermined angle, the head-side driver 222 and
the foot-sidedriver 224 are raised and lowered, respectively,
to tilt the entire bottom.

[0055]

Thus, the inclination of the back bottom 42 and the
inclination of the whole bottom create the total back-raising
angle.

[0056]
After thedrivershas stoppedoperation, it is determined

whether or not an error correction process should be done
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(Step S110). When an error correction process is needed, the
error correction process shown in FIG. 8 is executed (Step
S$110; Yes -> Step S112).

[C057]

Various times can be considered to perform the error
correction process. For example, the processmaybe done when
a driver has stopped operation and anpther drive starts
operation, when the error exceeds the predetermined range,
or when a driver falls into a predetermined state.

[0058]
[3. 1. 2 Erxror Correction Process (1)]

Referring next to FIG. 8, the error correction process
inthe first examplewill be described. Thiserror correction
process is an exemplary process that is effected to correct
error between thehead-sidedriver 222 and the foot-sidedriver
224. That 1is, using the height difference between the
head-side height and the foot-side height as the bed state
values, the error of the height difference is corrected.
[0059]

To begin with, the head-side height is calculated (Step
$202). The head-side height is calculated from the value
detected by head-side driver 222. The head-side height may
be determined by calculation or by using a conversion table.
[0060]

Next, the foot-side height is calculated (Step S204).
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The foot-side height is calculated from the value detected
by foot-side driver 224. The foot-side height may be
determined by calculation or by using a conversion table.
[C061]

Subseguently, the calculated bed state value is
determined from the height difference between the calculated
head-side height and the calculated foot-side height (Step
S206). Herein, the difference between the calculated
head-side height and the calculated foot-side height is “0”
when the bed apparatus (the top frame 10) is horizontal. When
the bed apparatus is inclined at an angle of 62 degrees, the
difference can be calculated by the product of the length
of the top frame 10 and sinb2. Then, it is determined whether
or not the absolute value of the difference between the
calculated bed state value and the designated bed state value
exceeds a predetermined error threshold (Step $S208).
[0062]

The error threshold is a previously set value that can
be permitted as exrror. The error threshold is stored in the
threshold table 420, for example. The error threshold does
not need to be set beforehand. For example, the threshold
may be designated in accordance with the environment at the
time of settingup, ocrmaybe variedby theuser. Alternatively,
instead of a table, the error threshold may be described as

a program.
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[0063]

Herein, when the difference between the calculated bed
state value and the designated bed state value exceeds the
error threshold (Step $S208; Yes), the drivers are controlled
so as to correct the error (Step $210).

[0064]

Specifically, suppose that the current height difference
designated by the user is “5 cm” and the error threshold is
“0.3 cm”. In this case, i1f the calculated bed state value
is equal to or greater than “4.7 cm” and smaller than “5.3
cm”, no error correction is performed. However, when the
calculated bed state value falls out of the above range, the
drivers are controlled so as to correct error, or make the
height difference equal to “5 cm”.

[0065]

Though, in this example, the error is calculated based
on the head-side height and the foot-side height, simply the
amounts of extension of the rods of the actuators may be used,
or the angle of the frame may be used. That is, as a result
of operations of the two or more drivers (e.g., actuators)
from the present invention reference values, errors from the
reference values are detected and corrected.

[0066]
[3. 1. 3 Error Correction Process (2)]

Referring next to FIG. 9, an error correction process
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whéen angles are used as bed state values. First, the rodstate
on the head side is detected (Step $252) and the rod state
on the foot side is detected (S254).

[0067]

After the rod state on the head side and the rod state
on the foot side are detected, an angle 82 of the frame to
the horizontal is calculated as a calculated bed state value,
based on the detected rod states (Step S256). Herein, the
angle 02 may be determined from a conversion table, or may
be calculated based on the rod states (calculation using
trigonometric functions or others}).

[0068]

Herein, when the difference between the calculated bed
state value thus determined and the designated bed state value
is equal to or greater than the error threshold, a driver
is controlled to correct erroxr (Step $S258; Yes ~> Step S260).
In order to achieve the designated bed state, for example
the rod on the head side (the rod on the foot side) as the
drivers to be controlled is actuated to make the angle fall
within the range defined by the error threshold and thereby
correct the error.

[C068]
[3. 2 The Second Example]
Next, the second example will be described. The second

example will be described taking a case where diverse states



10

15

20

25

24

of the bed apparatus have been stored in the state table 410,
and the operation is performed based on the stored states.
[0070]

Herein, the process of operating the drivers for the
bottom’ s position and height in the bed apparatus is performed
in the same manner as in FIG. 7 for the first example. The
error correction process in this example will be described
referring to FIG. 10.

[0071]

While the 1ift unit 14H and the 1ift unit 14F repeatedly
are moved up and down, the actual height deviates from the
heightbeingstoredinthestatetable 410 (i.e., thedesignated
height). That is, the heights of the individual 1ift units
areusedas thebed statevalues. Theerrorcorrectionprocess
is aimed at correcting this deviation.

[0072]
[3. 2. 1 Error Correction Process]

First, the head-side height is calculated (Step S302).
The head-side height is calculated based on the sensor value
detected by the state detector 300. The sensor value to be
detected may be based on the value output from the actuator,
or may be detected by providing a height sensor.

[0073]
Next, the absolute value of the difference between the

actual head-side height (the calculated head-side value)
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calculated at Step S302 and the head-side height stored in
the state table 410 (the designated head-side height) is
determined. Then, it is determined whether or not this
absclute value exceeds an error threshold (Step S304).
[0074]

When the absolute value of the difference between the
calculatedhead-sidevalueandthedesignatedhead-sideheight
exceeds the error threshold (Step S304; Yes), the specific
error is calculated (Step $306). Then, in order to correct
the calculated error, the head-side driver 222 is operated
so that the actual head-side height will coincide with the
designated head-side value (Step S$308).

[0075]

Correcting error herein is to perform adjustment so as
to make the absolute value of the difference between the
calculated head-side height and the designated head-side
height null or fall within a permissible range.

{00761

Similarly, error correction is also performed for the
foot side. First, the foot~side height is calculated (Step
S310), then the absolute value of the difference between the
foot—-side height (the calculated foot-side value) calculated
at Step S310 and the foot-side height stored in the state
table 410 (the designated foot-side height) is determined.

Thereafter, it is determined whether or not this absoclute
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value exceeds the error threshold (Step $312).
[0077]

When the absolute value of the difference between the
calculated foot-sidevalueandthedesignated foot-sideheight
exceeds the error threshold (Step S312; Yes), the specific
error is calculated (Step S314). Then, in order to correct
the calculated error, the foot-side driver 224 is operated
so that the actual foot-side height will coincide with the
designated foot-side value (Step S316).

[0078]

Correcting error herein is to perform adjustment so as
to make the absolute value of the difference between the
calculated foot-side height and the designated foot-side
height null or fall within a permissible range.

[0078]

As the errors of the head-side height and the foot-side
height are corrected in the above way, the height designated
in the state table 410 (e.g., the height of the top frame
10 supported by the back-raising function) coincides the
height of the bed apparatus actually used by the user.
[0080]

[3. 2. 2 Applied Processes]

Referring next to drawings, description will be made

on process examples in which the error correction process

of the second example is performed.
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[0081]
[3. 2. 2. 1 The First Process Example]

Referring first to FIG. 11, as the first process example,
description will be made on a process example in which the
error correction process is performed when the bed is tilted.
[0082]

First, abed tilting signal is detected (Step S412; Yes).
Asthebedtiltingsignal isdetected, thebedtiltingoperation
is performed (Step S414). At this time, the error correction
process iseffectedat thetimingwhenthebedtiltingoperation
ends (Step S416).

[0083]

According to the first process example, since the error
correction process is performed every time the bed is tilted,
the error can be corrected before it becomes too large, hence
it ispossible to always performcorrect setting of the height.
[0084]

[3. 2. 2. 2 The Second Process Example]

Referring next to FIG. 12, as the second process example,
description will be made on a process example in which the
error correction process is performed by timer interrupts
after lapse of a predetermined period of time.

[0085]
In this process example, time is separately counted by

an error correction timer set up with predetermined period
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of time. When the error correction timer reaches the
predetermined period of time (Step S422; Yes), the error
correction process is effected (Step S424). As the error
correction process has been completed, the error correction
timer is cleared (Step S426), and the error correction process
is effected again after lapse of the predetermined period
of time.

[0086]

Inthe aboveway, according to the secondprocess example,
since the error correction process is performed every
predetermined period of time, this configuration is effective
in reducing power consumption compared to the case where the
error correction is performed each time, for example. Though
in this process example, error coxrection is performed every
predetermined period of time, error correction may be
performed at a fixed time. For example, if the bed apparatus
is not used at 6 p.m. for a meal, the error correction process
may be adapted to be performed at 6 p.m.

[0087]
[3. 2. 2. 3 The Third Process Example]

Referring next to FIG. 13, as the third process example,
description will be made on a process example in which the
error correction process is performed when an operation of
grror correction is indicated by the caregiver (the user).

[0088]
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In this process example, when an error correcting signal
is detected (Step S432; Yes), the error correction process
is performed (Step S434). Thereby, it is possible to perform
the error correction process at a time the caregiver wants

to.

[3. 2. 2. 4 The Fourth Process Example]

Referring next to FIG. 14, as the fourth process example,
description will be made on a process example in which the
error correction process is performed when bed apparatus is
set in a horizontal state or in a state close to the initial
state.

[0090]

In this process example, when the bed apparatus is
detected to be set in a horizontal state (e.g., when the
back-raised angle is 0 degrees and the difference between
the head-side height and the foot-side height is 0) (Step
S442; Yes), the error correction process is performed (Step
S444).

[0091]

In this way, since the bed apparatus is in a horizontal
statehenceinastateclosetotheinitial state, it ispossible
to pertinently calculate errors and perform correction.
Further, the error correction process may be performed only

when the user is not detected in the bed apparatus.
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[0092]
[4. Variational Examples]

Though the embodied modes of the present invention have
been described with reference to the drawings, the specific
configuration should not be limited to the embodiment.
Designs and others that do not depart from the gist of this
invention should also be included in the scope of claims.
[0093]

Further, the first to fourth process examples have been
explained as the specific process examples. These process
examples are examples explaining the timing of performing
the error correction process. Therefore, for example a
plurality of the process examples may be combined in the
products.

[0094]

Furthexr, intheabove embodiment, twodrivers (actuators)
and linkages are provided on the head side and foot side to
realize lift units. However, othermethodsmaybeused. That
is, as long as the heights on the head side and the foot side
can be separately set up, two or more actuators may be provided
and lifting may be effected without use of any linkage.
[0095]

Thoughelectricactuatorsareexemplifiedasthedrivers,
it goes without saying that hydraulic actuators, hydraulic

pumps and other means may be used.
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[0096]

The erxor correction process herein is performed based
cn the angles created by the 1ift units. However, the errox
correction process may be performed based on, for example
the back~raised angle (the angle of the back bottom from the
horizontal state). That is, when only the back-raised angle
is stored without memory of the heights of the lift units
14, the error between the actual back-raised angle and the
designated back-raised angle is calculated.

[0097]

Then, when the error exceeds the predetermined
permissible range, the actual back-raised angle is corrected
(modified) to perform error correction.

[0098]

Further, the above embodiment was described assuming
thehead-sidedriver222tobethe firstdriverandthe foot-side
driver 224 to be the second driver. That is, description was
made onthe casewherethehead-sidedriver222andthe foot-side
drivexr 224 cooperate in linkage with each other. However,
as long as error is detected when multiple drivers are driven
in cooperation, the invention may be applied to any other
configurations.

[0099]
For example, when two actuators (drivers) are provided

for the back~-raising mechanism to cooperate with each other
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and realize back raising and back lowering, it is possible
to provide a configuration in which the error between the
two actuators is detected and corrected.

[0100]

Further, in a case of a bed apparatus where an actuator
(driver) is provided for each of the back bottom, knee bottom
and foot bottom, andthe threedrivers aredriven cooperatively
to change the bottom state, errors of the three drivers may

be detected and corrected.

Description of Reference Numerals
[0101]
10 top frame
14, 14H, 14F lift unit
16, 16H, 16F support frame
18 connecting frame
20, 22 linkage
32, 34, 36, 38 actuator
42 back bottom
44 hip bottom
46 knee bottom
48 foot bottom
100 controller
200 drive controller

210 Dbottom controller



10

220

300

400

500
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212 Dback bottom driver
214 knee bottom driver
height controller

222 head-side driver
224 foot-side driver
state detector

storage

410 state table

420 threshold table

operation display peortion
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CLAIMS

1. A bed apparatus comprising:

a lift configure to raise or lower a frame, comprising:

a first unit including a first driver provided close to
a first side of the bed apparatus; and

a second unit including a second driver provided close
to a second side of the bed apparatus; and,

a state detector configured to calculate a height difference
between a height of the first unit and a height of the second unit,
as a calculated bed state value; and,

an error corrector configured to detect an error if the
calculated bed state value exceeds a threshold in a case that a
state of the bed apparatus designated by a user is a horizontal
state, and configured to correct the error by controlling the first
driver or the second driver,
wherein

the height difference is calculated in a situation that the

first driver and the second driver stop.

2. The bed apparatus according to Claim 1, wherein the threshold
is set based on an operational input from a user or various states

of the bed apparatus.

3. The bed apparatus according to Claim 1 or 2, wherein
the first driver is a first actuator,

the second driver is a second actuator, and
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the state detector calculates the calculated bed state value
based on a rod state of the first actuator and a rod state of the

second actuator.

4. A bed apparatus comprising:
a lift that supports a top frame and raises and lowers the
top frame, comprising:
a head-side lift unit having a first driver arranged close
to a head side of the bed apparatus; and
a foot-side 1ift unit having a second driver arranged
close to a foot side of the bed apparatus; and,
a state detector that calculates a height difference between
a height of the head-side 1lift unit and a height of the foot-side
lift unit, as a calculated bed state value; and,
an error correcting portion that detects that there is an
error when the calculated bed state value exceeds an error threshold
as a value that can be permitted as an error in a case that a state
of the bed apparatus designated by a user is a horizontal state,
and that corrects the error by controlling the first driver and/or
the second driver,
wherein
the height difference is calculated in a situation that the

first driver and the second driver stop.

5. The bed apparatus according to Claim 4, wherein the error
threshold is set based on an operational input from a user or various

states of the bed apparatus.
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6. The bed apparatus according to Claim 4 or 5, wherein

the first driver is a first actuator,

the second driver is a second actuator, and

the state detector calculates the calculated bed state value
based on a rod state of the first actuator and a rod state of the

second actuator.



