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(54) BED

(57) A bed according to an embodiment may include
a topper, at least one firmness adjuster provided under
the topper, and a bedframe configured to have an ad-
justable position and to support the firmness adjuster.
There may be a plurality of firmness adjusters corre-
sponding to a plurality of areas of the bed, and each firm-
ness adjuster may include a plurality of cushions provid-

ed in a cushion case and a drive to adjust the firmness
of the plurality of cushions. The drive may change a po-
sition of a first spring relative to a second spring in each
of the cushions to change a perceived firmness by a user
lying on top of the topper and the firmness adjusters. A
dryer may be provided under the bedframe to keep the
cushions and topper dry.
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Description

CROSS-REFERENCE TO RELATED APPLICA-
TION(S)

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Application 10-2020-0042008,
10-2020-0042009, 10-2020-0042010,
10-2020-0042012, 10-2020-0042015,
10-2020-0042018, 10-2020-0042019,
10-2020-0042020, and 10-2020-0042021, all filed on
April 7, 2020, whose entire disclosure(s) is/are hereby
incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a bed.

TECHNICAL BACKGROUND OF THE INVENTION

[0003] Mattresses provide cushioning for a bed and
may be a spring mattress, a sponge mattress, a memory
foam mattress, or include some other elastic material.
Traditionally, most modern mattresses are spring mat-
tresses, though memory foam mattresses or toppers are
increasing in popularity. Mattresses may also use a com-
bination of elastic materials, such as a hybrid coil spring
and memory foam mattress.
[0004] In a spring mattress, coil springs may be com-
plicatedly entangled to form a single cushion member.
However, such complicated coil spring mattresses have
a disadvantage in that vibrations from an elastic force of
one spring are easily transmitted to another spring such
that, when one person lies down on a side of the mattress,
vibration or movement may be felt by another person
sitting or lying on another side of the mattress, causing
discomfort. Some coil spring mattresses may have a plu-
rality of springs in pockets to reduce an amount of vibra-
tions or movement propagating from one side of the mat-
tress to another.
[0005] However, such spring mattresses, including the
pocket type mattress, is not readily adjustable in firmness
or cushion strength. A desired firmness of the mattress
may vary according to a user’s gender, age, and physical
condition. When two or more users use the same mat-
tress, the users may have to compromise on a firmness,
as different sides or portions of the spring mattress can-
not be easily adjusted or customized.
[0006] Various studies and efforts have been made to
implement a bed in which firmness may be set differently
according to a position of where the user lies down or
based on where a user’s body touches the mattress.
[0007] U.S. Patent No. 7,908,693 (granted March 22,
2011) discloses a coil-in-coil spring for a mattress. The
coil-in-coil spring has an inner spring having a weak elas-
tic strength and an outer spring having a large elastic
strength. The outer spring is longer than the inner spring,
and the inner and outer springs are provided in a pocket.

[0008] Since a length and elasticity of the inner spring
and the outer spring are set differently, firmness differs
depending on a magnitude of a load acting on an upper
surface of the coil-in-coil. When the user lies on the mat-
tress, an amount of contraction or compression of the
spring varies for each body part where the load acts dif-
ferently. However, the firmness is the same or similar for
every user or load at a certain weight. The user may not
adjust the firmness of the mattress according to his par-
ticular desire; rather his weight is what determines the
firmness.
[0009] U.S. Patent No. 8,256043 (granted September
4, 2012) discloses a plunger matrix mattress having a
plurality of dual-spring plungers, which have inner and
outer tension springs. The firmness of the mattress may
be freely set at different predetermined "zones" or posi-
tions according to the user’s selection. However, from
the contents disclosed in Figs. 3B to 6B of U.S. Patent
No. 8,256,043, a number of zones is limited, and a var-
iable range of the elastic strength is narrow. In addition,
since the firmness is adjusted by hand, the firmness at
multiple positions or zones cannot be simultaneously ad-
justed.
[0010] In the case of the disclosed coil-in-coil mattress
and plunger matrix mattress, sweat or other bodily fluids
may permeate a surface of the mattress touching the
skin, and in summer, when the humidity is high, not only
the mattress but also the sheets may be wet or moist,
causing discomfort. If the mattress is kept wet for a long
time, the mattress is very likely to be contaminated with
mold or mites.
[0011] In order to improve this problem, U.S. Patent
No. 8,402,579 (granted March 26, 2013) discloses a cli-
mate controlled bed having a thermoelectric device and
air distribution device to supply hot or cold air to the mat-
tress. However, there is a disadvantage in that hot or
cold air is not smoothly or evenly supplied to the mattress.
[0012] The above references are incorporated by ref-
erence herein where appropriate for appropriate teach-
ings of additional or alternative details, features and/or
technical background.

SUMMARY OF INVENTION

[0013] Embodiments disclosed herein may provide a
bed including a topper having an upper surface that a
user’s body touches, at least one firmness controller or
adjuster capable of adjusting a cushion strength or firm-
ness, and a motion controller or bedframe supporting the
firmness adjuster and capable having at least a portion
tilted.
[0014] A mattress provided on the bedframe may in-
clude a plurality of cushion or firmness adjustment mod-
ules fixed to an upper surface of the motion controller.
Each of the plurality of cushion modules may include a
case, a plurality of cushion members or cushions seated
in the case, and a driving means or drive to adjust the
firmness of the plurality of cushions by gear coupling with
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the plurality of cushions.
[0015] Embodiments disclosed herein may be imple-
mented as a bed comprising a topper that the user’s body
touches on an upper surface, a firmness controller sup-
porting the topper and capable of adjusting a cushion
strength or firmness, and a motion controller or adjusta-
ble bedframe supporting the strength controller and at
least partially tiltable together with the strength controller.
[0016] The strength controller may include a plurality
of strength control modules or firmness adjusters fixed
to an upper surface of the motion controller, and the plu-
rality of strength control modules may include a cushion
member or cushion provided with at least one elastic
body. A power transmission means may adjust the cush-
ion strength of the plurality of cushion members.
[0017] Embodiments disclosed herein may be imple-
mented as a bed comprising a topper that the user’s body
touches, a strength or firmness controller supporting the
topper and including a plurality of strength or firmness
control modules capable of adjusting cushion strength,
a motion controller or bedframe in which a plurality of
intensity control modules are coupled to an upper sur-
face, and at least a portion of which is tiltable together
with the strength controller, and a drying module or dryer
coupled to the motion controller from a lower side of the
strength controller to supply indoor or ambient air toward
the topper.
[0018] Since a height of an inner spring provided inside
the cushion member may be adjusted, the user may eas-
ily set the desired level of firmness. The firmness may
be linearly adjusted through ta height adjustment of the
inner spring. By connecting the drive to a transmission
gear provided at a lower end of the cushion member, the
firmness of a plurality of cushions may be simultaneously
adjusted by just one drive.
[0019] The strength controller may include a plurality
of strength control modules or firmness adjusters. One
strength control module may include a plurality of cushion
members arranged in a width direction of the bed, and
in a length of the bed. The user may adjust the cushion
strength of the mattress differently for each body part,
thereby providing an optimal or advantageous sleep
state.
[0020] Since a part of the bed may be tilted through an
operation of the motion controller, the user may have a
better or customizable sleeping posture. Separating and
replacing the topper may be easy and convenient, and
replacing or repairing the strength control module may
be convenient when the topper is separated.
[0021] By installing the drying module at the bottom of
the bed, mold on the topper may be prevented. In addi-
tion, since the topper may be maintained in a dry state
above a certain dryness level, comfort may be improved
when the user touches the cool or dry bed, thereby help-
ing the user to get a good night’s sleep.
[0022] By a fiber-type body pressure sensor, embodi-
ments disclosed herein may quickly identify where a us-
er’s body pressure is concentrated when the user lies on

the bed. Based on body pressure value data detected by
the body pressure sensor, a cushion strength in an area
where body pressure is concentrated may be appropri-
ately adjusted through an automatic or manual operation
of the firmness or intensity control module, thereby im-
proving a quality of life and sleep.
[0023] Embodiments disclosed herein may be imple-
mented as a bed comprising a mattress having a pre-
scribed width and a prescribed length, the mattress hav-
ing a plurality of cases. Each case may include a plurality
of cushions provided in the case, a drive coupled to the
case, and a plurality of driving gears configured to trans-
mit a force from the drive to the plurality of cushions such
that a firmness of the cushions in the case may be ad-
justed when the drive may be operated. The mattress
may include a top pad provided over the plurality of cush-
ions of the plurality of cases, and a cover provided to
surround the top pad and the plurality of cases.
[0024] The bed may further comprise a main frame
having a first frame rotatably coupled to a second frame
such that a posture of the main frame may be adjustable,
and a guard surrounding sides of the main frame and
mattress. The mattress may include a partition provided
along a direction of the prescribed width and between a
pair of adjacent cases. At least one of the partition, the
top pad, or the guard may be made of an elastic foam
material.
[0025] The main frame may have a first frame config-
ured to support a first section of a user’s body, a second
frame hinged to the first frame and configured to support
a section of a user’s upper body and hinged to the first
frame, a third frame configured to support a first section
of a user’s lower body and hinged to the first frame, a
fourth frame configured to support a second section of a
user’s lower body and hinged to the third frame, a first
actuator configured to rotate the first frame with respect
to the second frame, and a second actuator configured
to rotate the third frame with respect to the first frame.
[0026] The mattress may include a top pad provided
over the plurality of cushions of the plurality of cases.
The top pad may include a plurality of sleeves protruding
from a bottom surface. The plurality of sleeves may be
configured to surround upper ends of the plurality of cush-
ions.
[0027] Each cushion may include a first elastic mem-
ber, a second elastic member surrounding the first elastic
member, a screw configured to change a height of the
first elastic member with respect to the second elastic
member when the screw may be rotated, and a trans-
mission gear configured to rotate the screw and config-
ured to engage with at least one drive gear of the plurality
of drive gears.
[0028] The drive may include at least one of an actuator
or a motor. The plurality of drive gears include a first gear
coupled to a rotation shaft of the drive, at least one second
gear engaged with the first gear, and a plurality of third
gears provided between adjacent transmission gears.
The second gear may be engaged with at least one third
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gear or the transmission gear.
[0029] A main frame may be provided under the mat-
tress, and a dryer may be coupled to a bottom of the main
frame and configured to blow air toward the mattress.
The dryer may include a fan having an inlet to suction air
and at least one outlet to discharge air, at least one supply
duct coupled to the at least one outlet, at least one dis-
charge duct coupled to the supply duct and having a dis-
charge port through which air suctioned through the fan
and guided through the supply duct may be discharged
toward the mattress, and a filter configured to filter suc-
tioned air. The fan may be a centrifugal fan having the
inlet on a bottom surface and the outlet on a side surface
such that air may be suctioned in an axial direction of the
fan and discharged in a radial direction of the fan.
[0030] A guard may surround sides of the main frame
and mattress. The guard may include a suction opening.
The dryer may include a suction duct coupled to an inlet
of the fan and having a suction port exposed through the
suction opening. The filter may be provided at the inlet
of the fan, at the suction port, or at the suction opening.
[0031] The supply duct may be provided over the suc-
tion duct. The supply duct may have at least one section
that extends in a direction along the prescribed length.
The supply duct and the suction duct may be parallel to
each other. Alternatively or in addition thereto, the suction
duct may be perpendicular to at least one section of the
supply duct. At least one of the suction duct or the supply
duct may include a flexible section configured to bend
with a movement of the main frame.
[0032] The discharge duct may include a bottom sur-
face and side walls defining an upper opening. The dis-
charge port may be formed in the bottom surface. The
discharge duct may extend in a direction perpendicular
to the supply duct.
[0033] Embodiments disclosed herein may be imple-
mented as a bed comprising a main frame configured to
bend and straighten and a mattress configured to bend
and straighten with a movement of the main frame. The
mattress may include a plurality of cases coupled to the
main frame. Each case may have a plurality of springs
coupled to a plurality of gears and one motor configured
to rotate the plurality of gears of the case to adjust a
height of the plurality of springs.
[0034] Embodiments disclosed herein may be imple-
mented as a bed comprising a main frame configured to
bend and straighten, a mattress configured to bend and
straighten with a movement of the main frame, and a
dryer coupled to a bottom of the main frame. The mattress
may include a plurality of cases coupled to a top of the
main frame. Each case may have a plurality of cushions
and a drive configured to adjust a firmness of the plurality
of cushions. The dryer may have an inlet, a fan configured
to suction air through the inlet, and an outlet such that
air discharged through the outlet may be guided toward
the mattress.
[0035] Embodiments disclosed herein may be imple-
mented as a bed comprising a main frame and a mattress

provided on the main frame. The mattress may include
a plurality of cases. Each case may have a plurality of
cushions and a motor configured to adjust a firmness of
the plurality of cushions. The main frame may include a
first frame configured to support an upper body, a second
frame configured to support a lower body, and a first drive
configured to move the first frame relative to the second
frame. The first frame may have a plurality of first slats
to support the mattress. At least one case may be coupled
to the plurality of first slats. The second frame may have
a plurality of second slats to support the mattress. At least
one case may be coupled to the plurality of second slats.
[0036] The first frame may include a first section, a
second section hinged to the first section, and a linkage
coupling the first section to the first drive. The first drive
may include a motor and a shaft. The shaft may be fixed
to the linkage such that, when the motor rotates the shaft,
at least a portion of the linkage may be rotated with the
shaft. The linkage may be coupled to the first section and
the second section. The linkage may include a first link
coupled to the first section and a second link coupled to
the first link and the shaft.
[0037] The first section may include a pair of first side
frames. At least one first slat may extend between the
pair of first side frames. The second section may include
a pair of second side frames. At least one first slat may
extend between the pair of second side frames. The link-
age may include a pair of links parallel to each other.
Each link in the pair of links may include a pair of first
links coupled to the pair of first side frames, respectively,
and a pair of second links coupled to the pair of first links,
respectively, and the shaft.
[0038] A second drive may be configured to move the
second frame relative to the first frame. The second drive
may include a motor and a shaft. The second frame may
include a first section, a second section hinged to the first
section, and a linkage coupling the first and second sec-
tions to the shaft.
[0039] The linkage may include a first link coupled to
the shaft, and a second link coupled to the second section
and the first link. The second link may be coupled to the
first link via a connection link, and at least one of the
couplings between the second link and the second sec-
tion, the connection link and the second link, or the con-
nection link and the first link may be a hinge coupling.
[0040] The first link may be coupled to the shaft via a
bracket. The bracket may be fixed to the shaft and rotat-
ably coupled to the first link. The linkage may include an
arm link fixed to the bracket and configured to rotate with
a rotation of the shaft so as to maintain contact with a
bottom of the rear section.
[0041] The first section may include a pair of first side
frames. At least one first slat may extend between the
pair of first side frames. The second section may include
a pair of second side frames. At least one first slat may
extend between the pair of second side frames. The first
link may include a pair of first links coupled to the shaft,
and the second link may include a pair of second links
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coupled to the pair of second side frames and the pair of
first links.
[0042] An elastic foam layer may be seated on top of
the mattress to be detachable. A guard may be config-
ured to support the main frame and surround an outer
side of the main frame. A plurality of legs may support
the guard and may space the main frame apart from a
floor surface.
[0043] A first blocking sheet may be coupled to a front
of the guard and a front of the main frame. A second
blocking sheet may be coupled to a rear of the guard and
a rear of the main frame. The first and second blocking
sheets may cover gaps formed during a movement of
the main frame. A dryer may be coupled to a bottom of
the main frame. The dryer may have a fan to suction air
and discharge air toward the mattress.
[0044] Embodiments disclosed herein may be imple-
mented as a bed comprising a main frame, a mattress
provided on the main frame, and a dryer coupled to a
bottom of the main frame. The main frame may have a
plurality of slats extending in a first direction, a first frame,
and a second frame adjacent to the first frame in a second
direction perpendicular to the first direction. The first and
second frames may be rotatable relative to each other.
The mattress may include a plurality of cases. Each case
may have a plurality of cushions and a drive configured
to adjust a firmness of the plurality of cushions. The plu-
rality of cases may be coupled to the plurality of slats.
The dryer may have a fan configured to suction air, a
supply duct extending in the second direction and cou-
pled to an outlet of the fan, and a plurality of discharge
ducts extending in the second direction. Each discharge
duct may have an outlet through which air may be dis-
charged through the plurality of slats and toward the mat-
tress.
[0045] A plurality of legs may support the main frame
and may space the dryer apart from a floor surface. A
partition may be provided between adjacent cases and
the first and second frames to prevent collision of the
cushions during a movement of the first or second
frames. The partition may be made of an elastic material
and have a plurality of holes through which air discharged
from the dryer flows. The fan may be configured to suction
air in an axial direction and discharge air in a radial di-
rection.
[0046] Embodiments disclosed herein may be imple-
mented as a bed comprising a main frame having a plu-
rality of frames hinged to each other so as to be rotatable
relative to each other, a plurality of cases coupled to the
plurality of frames, each case having a plurality of cush-
ions, and at least one partition provided between adja-
cent of cases at a position aligned with a rotation axis of
the plurality of frames so as to prevent collision between
cushions during rotations of the plurality of frames. Each
case may have a drive configured to adjust a firmness
of the plurality of cushions. The partition may be made
of an elastic material and including a plurality of fins
formed in an upper section.

[0047] Embodiments disclosed herein may be imple-
mented as a bed comprising a mattress, a main frame
configured to support the mattress, the main frame hav-
ing a plurality of frames adjacent in a first direction that
may be rotatable relative to each other, a plurality of
plates adjacent in the first direction, the plurality of plates
seated on the plurality of frames, respectively, and at
least one joint provided between and hinged to adjacent
plates so that the plurality of plates may be rotatable rel-
ative to each other. The joint may align with a rotation
axis between adjacent frames of the main frame. The at
least one joint may include three joints hinged to each
other.
[0048] The joint may include a plurality of teeth. The
plates may include a plurality of teeth configured to en-
gage with the plurality of teeth of the joints. A hinge pin
may penetrate the plurality of teeth of the joints and the
plates.
[0049] Each frame may include a plurality of cases cou-
pled to the frame. Each case may include a plurality of
cushions, and a drive configured to adjust a firmness of
the plurality of cushions.
[0050] Each case may include a bottom case coupled
to the frame and an upper case in which the cushions
may be provided. The drive may include a motor housed
between the bottom case and the upper case.
[0051] Each cushion may include an outer case, an
outer spring provided inside of the outer case, an inner
case provided inside of the outer case and the outer
spring, an inner spring provided in the inner case, a screw
configured to change a height of the inner spring relative
to the outer spring when the screw may be rotated, and
a transmission gear configured to rotate the screw. The
drive may include a motor and a gear assembly config-
ured to engage with the transmission gear to rotate the
transmission gear. When the transmission gear is rotat-
ed, a height of the inner spring may change with respect
to a height of the outer spring, and a firmness of the cush-
ion may change.
[0052] At least one partition may be provided above
the joint to be between the adjacent plates and adjacent
cases. The partitions may include a plurality of slits to
allow air to flow therebetween and a plurality of fins at an
upper portion.
[0053] A guard may surround the main frame, the plu-
rality of plates, and the mattress. An inner surface of the
guard may include a ledge to which the main frame may
be coupled. The guard may include legs provided at cor-
ners of the guard to space the main frame apart from an
installation surface.
[0054] A dryer may be coupled to a bottom of the main
frame. The dryer may include a fan configured to suction
air in an axial direction and discharge air in a radial di-
rection, a supply duct coupled to an outlet of the fan and
extending in the first direction, the supply duct having a
plurality of extensions that branch off toward a second
direction perpendicular to the first direction, and a dis-
charge port provided at ends of the extensions and con-
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figured to discharge air upward toward the mattress. Por-
tions of the supply duct below the rotation axes of the
frames may be configured to be flexible so that the supply
duct moves with a rotation of the frames.
[0055] A cover sheet may surround the mattress and
the seat plate. The cover sheet may have a plurality of
holes through which air discharged from the dryer flows.
[0056] Embodiments disclosed herein may be imple-
mented as a bed comprising a mattress having a plurality
of independently controlled regions, each region having
a drive to control a firmness of the region, a main frame
configured to support the mattress, the main frame con-
figured to have a plurality of frames that may be rotatable
relative to each other to adjust a posture of the main
frame, a plurality of legs to space the mattress apart from
a floor surface, and a dryer coupled to a bottom of the
main frame and configured to discharge air toward the
mattress to dry the mattress. The dryer may include a
fan configured to suction air through an inlet of the fan,
a duct coupled to an outlet of the fan to guide discharged
air through the duct, the duct having at least one flexible
section provided under a rotation axis between adjacent
frames of the main frame, and a plurality of extensions
branched off from the duct. The plurality of extensions
may have discharge ports through which air may be dis-
charged upward toward the mattress.
[0057] A sheet may be woven with a plurality of elec-
trodes to sense a pressure in the regions. The firmness
of the region may be adjusted based on the sensed pres-
sure.
[0058] The fan may be provided under a foot of the
main frame. The duct may extend from the fan in a lon-
gitudinal direction of the main frame toward a head of the
main frame. The extensions may extend in a direction
perpendicular to the duct.
[0059] Discharge ducts may be provided on top of the
extensions. The discharge ducts may have discharge
slots that extend in a direction parallel to a longitudinal
direction of the main frame to discharge air upward.
[0060] The mattress may include a first layer and a
second layer provided over the first layer. The first layer
may have a plurality of first springs and a plurality of sec-
ond springs. The drive may include at least one motor
configured to change a height of the plurality of first
springs relative to the plurality of second springs to adjust
the firmness of the mattress. A second layer may be pro-
vided over the first layer. The second layer may be made
of an elastic foam material to provide padding over the
first and second springs.
[0061] Embodiments disclosed herein may be imple-
mented as a bed comprising a main frame having a plu-
rality of frames adjacent in a first direction that may be
rotatable relative to each other a seat plate having a plu-
rality of plates adjacent in the first direction that may be
rotatable relative to each other, wherein the plurality of
plates may be provided over the plurality of frames, re-
spectively, a plurality of cases provided over the seat
plate, the plurality of cases having a plurality of cushions,

an elastic foam pad provided over the plurality of spring
cushions, at least one partition provided between adja-
cent cases at a position corresponding to a rotation axis
between two adjacent frames, a fan provided under a
first end of the main frame to suction air, a duct coupled
to the fan to receive air discharged from the fan, the duct
extending in the first direction toward a second end of
the main frame opposite the first end, and a plurality of
discharge ports configured to discharge air upward to-
ward the cushions and elastic foam pad.
[0062] Embodiments disclosed herein may be imple-
mented as a method of controlling mattress firmness
comprising sensing a pressure at a plurality of points on
a mattress, determining a plurality of average pressure
values for a plurality of regions of the mattress based on
the sensed pressure at the plurality of points, and inde-
pendently operating a plurality of motors based on the
determined average pressure values. A corresponding
motor may be provided in a corresponding region.
[0063] Each motor may rotate a gear among a plurality
of gears engaged with each other. Some of the plurality
of gears may be coupled to a plurality of cushions corre-
sponding to a region among the plurality of regions such
that, when the motor in the region is powered to rotate
the gear, a firmness of the cushions in the region may
be adjusted.
[0064] Each cushion may include an outer spring, an
inner spring provided in a case, and a screw provided
between the case and a gear of the plurality of gears
such that, when the motor is powered to rotate the gear,
a height of the inner spring may change with respect to
the outer spring to adjust the firmness of the cushion.
[0065] A pressure sensing sheet may be provided on
the mattress to sense the pressure at the plurality of
points. The pressure sensing sheet may have a plurality
of first electrode lines that intersect with a plurality of sec-
ond electrode lines. Intersections between the plurality
of first and second electrode lines may correspond to the
plurality of points.
[0066] The method may further comprise processing
the average pressure values, generating a pressure dis-
tribution image based on the processed average pres-
sure values, and outputting the pressure distribution im-
age on a display. Generating the pressure distribution
image may include generating a color coded image,
wherein a spectrum of colors corresponds to a range of
the average pressure values. A user interface may be
provided on a remote controller having a display.
[0067] Upon receiving an automatic command based
on a user input into a user interface, the step of inde-
pendently operating the plurality of motors based on the
determined average pressure value may include deter-
mining a range value of the determined average pressure
values, the range value being a difference between the
highest average pressure and the lowest average pres-
sure, comparing the determined range value to a prede-
termined range value, and when the determined range
exceeds the predetermined range, operating the motor
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to change the firmness in the region having the highest
pressure or operating the motor to change the firmness
in the region having the lowest pressure. After independ-
ently operating the plurality of motors based on the de-
termined average pressure value, the method may in-
clude repeating the sensing the pressure, determining
the average pressure, and independently operating until
the determined range does not exceed the predeter-
mined range.
[0068] Upon receiving an automatic command based
on a user input into a user interface, the step of inde-
pendently operating the plurality of motors based on the
determined average pressure value may include com-
paring the determined average pressure value for a re-
gion to a predetermined maximum pressure value for the
region, and when the determined average pressure value
for the region exceeds the predetermined maximum
pressure value for the region, operating the motor in the
region to change the firmness. After independently op-
erating the plurality of motors based on the determined
average pressure value, the method may include repeat-
ing the sensing the pressure, determining the average
pressure, and independently operating until the deter-
mined average pressure values for the regions do not
exceed the predetermined maximum pressure values for
the regions.
[0069] Upon receiving an automatic command based
on a user input into a user interface, the step of inde-
pendently operating the plurality of motors based on the
determined average pressure value may include com-
paring the determined average pressure value for a re-
gion to a predetermined minimum pressure value for the
region, and when the determined average pressure value
for the region is less than the predetermined minimum
pressure value for the region, operating the motor in the
region to change the firmness. After independently op-
erating the plurality of motors based on the determined
average pressure value, the method may include repeat-
ing the sensing the pressure, determining the average
pressure, and independently operating until the deter-
mined average pressure values for the regions are not
below the predetermined minimum pressure values for
the regions.
[0070] Upon receiving a manual command based on
a user input into a user interface and receiving a selected
pressure value for a region via the user interface, the
step of independently operating the plurality of motors
based on the determined average pressure value may
include comparing the determined average pressure val-
ue for a region to the desired pressure value, and oper-
ating the motor for the region to change the firmness to
the selected pressure value. After independently operat-
ing the plurality of motors based on the determined av-
erage pressure value, the method may include repeating
the sensing the pressure, determining the average pres-
sure, and independently operating until the determined
average pressure values for the regions are within a pre-
determined error range of the selected pressure value.

[0071] Sensing the pressure at the plurality of points
on the mattress may include repeatedly sensing the pres-
sure, determining a difference between a current sensed
pressure and a previous sensed pressure, comparing
the determined difference to a predetermined error
range, when the determined difference is within the pre-
determined error range for a predetermined time period,
proceeding to the step of determining the average pres-
sure value, and when the determined difference is not
within the predetermined error range for the predeter-
mined time period, stopping sensing for a predetermined
waiting period, and repeating the step of repeatedly sens-
ing the pressure after the predetermined waiting period.
[0072] Embodiments disclosed herein may be imple-
mented as a method of controlling a mattress firmness
comprising receiving a command to adjust a firmness of
the mattress, performing a pressure scan of the mattress,
storing data from the pressure scan, processing the
stored data, determining, using the stored data, pressure
values corresponding a plurality of regions of the mat-
tress, each region having a plurality of elastic members,
generating, via the processed data, a pressure distribu-
tion image, outputting the pressure distribution image on
a display, comparing the determined pressure values to
predetermined pressure values, and independently con-
trolling a corresponding motor for a corresponding region
based on the comparison between the determined pres-
sure values and the predetermined pressure values,
each motor being configured to change a height of some
of the elastic members in a region compared to the other
elastic members in the region. The pressure scan may
include sensing a plurality of pressures using a pressure
sensor sheet provided on a mattress.
[0073] The predetermined pressure values may be se-
lected based on a user selection via a user interface pro-
vided on a remote controller, the remote controller having
the display. The predetermined pressure values may be
determined based on at least one of past user selections
provided via a user interface, a weight of a user entered
via a user interface, or a comparison of all of the deter-
mined pressure values to each other.
[0074] Embodiments disclosed herein may be imple-
mented as a bed comprising a mattress having a first
layer and a second layer provided over the first layer, the
first layer having a plurality of adjustable cushions. Each
adjustable cushion may include a case, a plurality of elas-
tic cushions provided on the case, a drive coupled to the
case, anda plurality of driving gears configured to trans-
mit a force from the drive to the plurality of elastic cush-
ions such that a firmness of the adjustable cushion is
adjusted when the drive is operated.
[0075] A cover sheet may be configured to surround
at least the first and second layers. The second layer
may be made of an elastic foam. A bottom of the elastic
foam may be formed with a plurality of cushion sleeves
in which upper ends of the plurality of elastic cushions
are inserted.
[0076] Each elastic cushion may include a first elastic
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member, a second elastic member, a first case coupled
to the first elastic member, a transmission gear config-
ured to be engaged with the plurality of driving gears,
and a screw penetrating the first case such that, when
the transmission gear rotates, the first case may rise or
descend along the screw such that a height difference
between the first and second elastic members changes.
[0077] The second elastic member may surround the
first elastic member and is provided on a second case.
The first case is provided inside of the second case. A
buffer may be provided over the first elastic member. An
upper cover may cover the buffer and the second elastic
member. A first cover may be provided around the first
elastic member. A second cover may be provided around
the second elastic member.
[0078] A bottom of the second layer may be formed
with a plurality of recesses. Tops of the plurality of elastic
cushions may be configured to be inserted into the plu-
rality of recesses. The recesses may be formed inside
of cushion sleeves which extend downward from the bot-
tom of the second layer.
[0079] A main frame may support the mattress. The
main frame may have a first frame and a second frame
rotatably coupled to the first frame, and a plurality of par-
titions provided between adjacent cases at a rotation axis
of the first and second frames. A bottom of the second
layer may be formed with a plurality of recesses, and tops
of the plurality of partitions may be configured to be in-
serted into the plurality of recesses.
[0080] The second layer may include a plurality of buff-
er plates provided on top of a plurality of elastic cushions
of at least one adjustable cushion. A bottom of the buffer
plate may be formed with recesses in which the plurality
of elastic cushions are inserted.
[0081] A pad may be provided on top of the buffer plate.
A length of the buffer plate may correspond to a width of
the top pad. A width of the buffer plate may correspond
to a width equal to a width of the case. Two adjacent
cases may fit in a width direction of the pad. The buffer
plate may be configured to cover the two adjacent cases
without covering a rotation axis between the first and sec-
ond frames.
[0082] Embodiments disclosed herein may be imple-
mented as a mattress for a bed comprising a first layer
and a second layer provided over the first layer. The first
layer may have a plurality of regions in which firmness
is independently adjusted by a plurality of motors, each
region having at least one case corresponding to a motor
among the plurality of motors and a plurality of cushions
provided in the case to be controlled by the motor. The
first layer may be flexible at at least one position between
adjacent cases provided in adjacent regions, and each
cushion may include at least one spring. The second lay-
er may be made of an elastic foam material. A cover
sheet may be configured to surround the first layer and
the second layer.
[0083] A bottom of the second layer may be formed
with a plurality of recesses in which top ends of the plu-

rality of cushions are inserted. A plurality of plates may
correspond to the plurality of regions and be configured
to cover the plurality of cushions in each region. A bottom
of each plate may be formed with recesses in which top
ends of the plurality of cushions are inserted. A sheet
may be provided over the second layer, the sheet being
woven with a plurality of electrode lines configured to
sense a pressure.
[0084] A base may be provided below the first layer.
The base may include a plurality of frames corresponding
to the plurality of regions, the plurality of frames being
hinged to each other. The first and second layers may
move with a movement of the base.

BRIEF DESCRIPTION OF THE DRAWINGS

[0085] Embodiments will be described in detail with ref-
erence to the following drawings in which like reference
numerals refer to like elements, and wherein:

Fig. 1 is a perspective view of a bed according to an
embodiment;
Fig. 2 is a perspective view of the bed of FIG. 1 show-
ing a state in which an upper portion of the bed is
raised or tiled by an angle;
Fig. 3 is an exploded perspective view of the bed of
FIG. 1;
Fig. 4 is a longitudinal sectional view of the bed cut
along 4-4 of FIG 1;
Fig. 5 is a bottom view of a topper of the bed of FIG. 1;
Fig. 6 is a longitudinal sectional view of the topper
cut along 6-6 of FIG. 3;
Fig. 7 is a perspective view from above of a bedframe
constituting the bed of FIG. 1;
Fig. 8 is a perspective view of the bedframe as
viewed from below;
Fig. 9 is a side view of the bedframe in a horizontal
state;
Fig. 10 is a side view of the bedframe in a state in
which an upper body frame and a thigh frame are
tilted upward;
Fig. 11 is a side cross-sectional view of the motion
controller cut along 11-11 of Fig. 7 in the state of Fig.
10;
Fig. 12 is a view showing a coupling relationship be-
tween a firmness adjuster and the bedframe consti-
tuting the bed of FIG. 1;
Fig. 13 is a perspective view of a partition or partition
cushion according to an embodiment;
Fig. 14 is a front perspective view of a cushion ac-
cording to an embodiment;
Fig. 15 is a bottom perspective view of the cushion;
Fig. 16 is an exploded perspective view of the cush-
ion;
Fig. 17 is a bottom perspective view of an upper cov-
er constituting a cushion according to an embodi-
ment;
Fig. 18 is a perspective view of an inner case con-
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stituting a cushion according to an embodiment;
Fig. 19 is a perspective view of an outer case con-
stituting a cushion according to an embodiment;
Fig. 20 is a plan view showing a state in which an
outer case, an inner case, and a lead screw consti-
tuting a cushion are coupled;
Fig. 21 is a longitudinal sectional view of the cushion
cut along 21-21 of Fig. 14 in a state in which no ex-
ternal force is applied;
Fig. 22 is a longitudinal sectional view of the cushion
member cut along 21-21 of Fig. 14 in a state in which
an external force is applied;
Fig. 23 is a side perspective view of a firmness ad-
juster according to an embodiment;
Fig. 24 is a bottom perspective view of the firmness
adjuster according to an embodiment;
Fig. 25 is an exploded perspective view of a firmness
adjuster according to an embodiment;
Fig. 26 is an exploded perspective view showing a
bottom structure of a cushion case constituting the
firmness adjuster;
Fig. 27 is a cut-away perspective view of a bedframe
taken along 27-27 of Fig. 23;
Fig. 28 is a bottom view of the firmness adjuster ac-
cording to an embodiment from which a bottom case
is removed;
Fig. 29 is a bottom perspective view of the bed of
FIG. 1 provided with a drying module or dryer;
Fig. 30 is a longitudinal sectional view of the bed cut
along 30-30 of FIG. 29;
Fig. 31 is a perspective view of the drying module;
Fig. 32 is a perspective view of a bed according to
another embodiment;
Fig. 33 is a longitudinal sectional view of the bed
taken along 33-33 in Fig. 32;
Fig. 34 is an exploded perspective view of the bed
of FIG. 32;
Fig. 35 is a bottom perspective view of cushion mod-
ule or assembly and a bedframe combination ac-
cording to an embodiment;
Fig. 36 is a perspective view from above of a com-
bination of a bedframe and a guard frame according
to an embodiment;
Fig. 37 is a perspective view from below of a com-
bination of a bedframe and a guard frame according
to a second embodiment;
Fig. 38 is a cross-sectional view of a motion gener-
ator of the bedframe cut along 38-38 of Fig. 37;
Fig. 39 is a longitudinal sectional view of a motion
generator cut along 39-39 of Fig. 38;
Fig. 40 is a perspective view showing the operation
of the bedframe according to an embodiment;
Fig. 41 is a longitudinal sectional view of the motion
controller cut along 41-41 in Fig. 40;
Fig. 42 is a partially cut-away perspective view show-
ing an enlarged view of the firmness adjuster being
coupled to the bedframe according to an embodi-
ment;

Fig. 43 is a perspective view of a drying module of
the bed of FIG. 2;
Fig. 44 is a longitudinal cross-sectional view of a bed
cut along 44-44 of Fig. 43 with a topper placed on
an upper side of the drying module;
Fig. 45 is a perspective view from above of a bed
according to another embodiment;
Fig. 46 is a perspective view as viewed from below
of the bed of FIG. 45;
Fig. 47 is an exploded perspective view of the bed
of FIG. 45;
Fig. 48 is a longitudinal sectional view of a mattress
set cut along 48-48 of FIG. 45;
Fig. 49 is a perspective view of a seating plate con-
stituting a mattress set for the bed of FIG. 45.
Fig. 50 is a partial longitudinal sectional view of a
seating plate cut along 50-50 of Fig. 49;
Fig. 51 is a partial longitudinal sectional view of the
seating plate cut along 50-50 of Fig. 49 in a tilted
state of the bedframe;
Fig. 52 is an exploded perspective view of a mattress
set and a drying module constituting the bed of FIG.
45;
Fig. 53 is a longitudinal cross-sectional view of the
bed taken along 53-53 of Fig. 46;
Fig. 54 is a perspective view of a bedframe showing
a state in which the upper body frame is tilted;
Fig. 55 is a perspective view of a firmness adjuster
according to an embodiment in which a buffer plate
is coupled to an upper surface of the cushions;
Fig. 56 is a bottom perspective view of the buffer
plate;
Fig. 57 is a view showing a point at which a user’s
weight to be laid upright is concentrated on a body
pressure sensing sheet provided on a bed according
to an embodiment;
Fig. 58 is a view showing a point where weight is
concentrated when a user lies on the side of the body
pressure sensing sheet;
Fig. 59 is a flowchart showing a method of controlling
the firmness of a bed of FIG. 1;
Figs. 60 to 63 are display screens of the body pres-
sure regulator shown in the process of performing
the method of controlling the cushion strength of the
bed of FIG. 1;
Fig. 64 is a flowchart showing a method of controlling
the firmness of a bed according to another embodi-
ment present invention; and
Figs. 65 and 66 are display screens of a body pres-
sure regulator shown in a process of performing a
method for controlling a firmness of a bed according
to another embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0086] Referring to Figures 1 to 4, a bed 10 according
to an embodiment may include a bed cover 11 and a
topper 12 on which a user’s body is placed. A cushion
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module or assembly 20 may be provided under the topper
12. The cushion module 20 may alternative be referred
to as a main body or mattress body, and the cushion
module 20 and topper 12 may form a mattress or mattress
set. The cushion module 20 may include a plurality of
cushions C arranged in sections separated by at least
one longer cushion or partition 40. The sections of the
cushions C may correspond to individual firmness ad-
justers M1 described later. A plurality of firmness adjust-
ers M1 may correspond to various areas of the bed that
may be independently adjusted in firmness, while all of
the cushions C in a particular firmness adjuster M1 may
be adjusted uniformly or by one drive described later.
[0087] An adjustable bedframe 30 may be placed un-
der the cushion module 20 to support the cushion module
20, and may alternatively be referred to as a mattress
support or a motion controller. Portions of the bedframe
30 may be moveable so as to customize an overall shape
or orientation of the bedframe 30. A safe guard or cover
13 may surround an edge of the bedframe 30 and cushion
module 20 to protect the bedframe 30 and cushion mod-
ule 20 from collisions. The safe guard 13 may be or in-
clude a box frame.
[0088] Hereinafter, "strength," "cushion strength," or
"firmness" may be understood to mean a degree of soft-
ness or hardness of the bed. The firmness of the bed that
a user prefers may vary depending on a user’s age, phys-
ical condition, or simply taste or preference. For this rea-
son, the bed 10 according to embodiments disclosed
herein is characterized in that a user may adjust the firm-
ness of the bed through manipulation of the cushion mod-
ule 20.
[0089] The bed cover 11 may cover the topper 12 and
surround the topper 12 and the safe guard 13. The bed
cover 11 may alternatively be referred to as a cover sheet
and may be optional. The bed cover 11 may have a size
that completely surrounds upper and side surfaces of the
safe guard 13 to define upper and side surfaces of the
bed 10. Alternatively or in addition thereto, the bed cover
11 may be formed to cover a bottom of the bed 10.
[0090] In addition, the bed cover 11 may be made of
or include an elastic material (e.g., a fitted sheet) so as
to always maintain a taut or tensioned state. When the
bed 10 is inclined or bent according to an operation of
the bedframe 30, the bed cover 11 may be stretched.
When the bedframe 30 returns to a flat state, the bed
cover 11 may be contracted back to its original or initial
state.
[0091] The user’s body may lie on the bed cover 11
and/or the topper 12. The topper 12 may include a mem-
ory foam mattress or layer that is depressed by the user’s
weight and returns to its original or initial state when the
load is removed.
[0092] The cushion module 20 may be an assembly or
array of cushions C arranged in a grid form from a head
of the bed 10 to a foot of the bed 10. The cushions C may
extend vertically from a bottom of the bed 10 toward a
top of the bed 10. The cushions C may have a cylindrical

shape, but embodiments disclosed herein are not limited.
Each cushion C may be provided in a cushion case 21.
[0093] The partition 40 may be interposed between ad-
jacent cushion cases 21 at hinge points of the bedframe
30. A distance between adjacent cushions C and cushion
cases 21 on opposite sides of a hinge point may be larger
than a distance between adjacent cushions C and cush-
ion cases 21 elsewhere. Such an arrangement may min-
imize interference between cushions C at the hinge point
during an operation of the bedframe 30. When a user’s
body part lies at or near the hinge point, the partition 40
may provide support and/or cushioning the body part so
that the user may feel more comfortable while lying down.
[0094] The safe guard 13 may prevent a user’s leg or
knee from colliding with the cushion module 20 or bed-
frame 30, which may cause pain or injury. The safe guard
13 may be formed of a soft or elastic material such as a
sponge or memory foam. Alternatively, the safe guard
13 may be a box frame including a soft or elastic material
provided at an outer side.
[0095] Referring to Figures 5 and 6, a bottom surface
of the topper 12 may contact an upper surface of the
cushion C. The topper 12 may include a topper body 121
having a hexahedral shape or a shape that corresponds
to a shape of the bedframe 13 (e.g., an elliptical or sta-
dium shape for a cradle or daybed). The topper body 121
may have a predetermined thickness.
[0096] A cushion support sleeve 122 may extend from
(or alternatively be formed within) a bottom surface of
the topper body 121 to support sides of the cushion C.
A cushion groove or recess may be formed by the cushion
support sleeve 122, and an upper end of the cushion C
may be inserted into the cushion groove 123. A partition
support sleeve 125 may extend from (or alternatively be
formed within) the bottom surface of the topper body 121
to support sides of the partition 40. A partition groove 124
may be formed by the partition support sleeve 124, and
an upper end of the partition 40 may be inserted into the
partition groove 124.
[0097] The cushion support sleeve 122 may have a
hollow cylindrical shape or a shape corresponding to the
cushion C such that an inner contour of the cushion sup-
port sleeve 122 corresponds to an outer contour of the
cushion C. The partition support sleeve 125 may have a
rectangular cross-sectional shape or a cross-sectional
shape corresponding to a cross-sectional shape of the
partition 40 such that an inner contour of the partition
support sleeve 125 corresponds to an outer contour of
the partition 40. The cushion and partition support
sleeves 122 and 125 may secure the topper 12 to the
cushion module 20 so as to prevent or reduce a move-
ment or sliding of the topper 12 when the user gets on
or off the bed during sleep, or during an operation of the
bedframe 30. For example, the cushion and partition sup-
port sleeves 122 and 125 may be made of a rubber ma-
terial configured to grip the cushion C and the partition
40, but embodiments disclosed herein are not limited.
[0098] Referring to Figures 7 and 8, the bedframe 30
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may include a base or bottom frame 35 placed on an
installation surface (e.g., a floor, a box spring, or bed
platform, or a bigger bedframe). Alternatively, the base
frame 35 may be a plate. A seating or upper frame 37
configured to move or change orientation may be provid-
ed above the bottom frame 35. The seating frame 39 may
define an upper surface of the bedframe 30 on which the
cushion module 20 is placed. A support frame or con-
nection bar 36 may connect the base frame 35 and the
seating frame 37.
[0099] The seating frame 39 may include a plurality of
frames or supports configured to move, pivot, and/or in-
cline relative to each other (see FIG. 10). The plurality of
frames may be hinged to each other, but embodiments
disclosed herein are not limited. For example, the seating
frame 39 may include an upper body or main frame 31
configured to support a user’s upper body or torso, a hip
or bottom frame 32 configured to support a user’s hip
area, a thigh or upper leg frame 33 configured to support
a user’s thigh or upper leg, and a calf or lower leg frame
34 configured to support a user’s calf or lower leg. The
upper body, hip, thigh, and calf frames 31, 32, 33, and
34 may alternatively be referred to as upper body, hip,
thigh, and calf supports. The upper body frame 31 may
alternatively be referred to as a torso frame.
[0100] The seating frame 39 is not limited to upper
body, hip, thigh, and calf frames 31, 32, 33, and 24. For
example, there may be an optional headrest or neck and
shoulder support configured to support a user’s head,
neck, and/or shoulders. Such an optional headrest may
move, pivot, or incline with respect to the upper body
frame 31. As another optional addition, there may be a
lumber or lower torso support configured to support a
user’s lumbar and which may move, pivot, or incline rel-
ative to the upper body frame 31 (which may be a shoul-
der frame) and the hip frame 32.
[0101] A front or upper end of the upper body frame
31 (at a head of the bed 10) may be defined as a head
of the bedframe 30, and a rear or lower end of the calf
frame 34 (at a foot of the bed 10) may be defined as a
foot of the bedframe 30. Here, a front-rear direction may
be a direction extending between the head and foot of
the bed 10. A rear end of the upper body frame 31 may
be tiltably or rotatably connected (e.g., hinged) to a front
end of the hip frame 32, and a front end of the thigh frame
33 may be tilted or rotatably connected (e.g., hinged) to
a rear end of the hip frame 32. A rear end of the thigh
frame 33 and a front end of the calf frame 34 may be
connected to be relatively rotatable (e.g., via a shaft, pin,
or hinge structure).
[0102] The upper body frame 31 may include an outer
frame 311, a plurality of first plates or bars 312, and a
plurality of second plates or bars 313. The first bars 312
may alternatively be referred to as left-right bars, upper
bars, or cushion seating plates. The second bars 313
may alternatively be referred to as front-rear bars, lower
bars, or connection bars.
[0103] The outer frame 311 may have a rectangular

shape, a stadium, or a curved rectangular shape, and
may define a front end (or head), a rear end, and both
side ends (i.e., left and right ends corresponding to left
and right sides of a lying human body) of the upper body
frame 31. The plurality of second bars 313 may connect
the front end and the rear end of the outer frame 311 and
may be spaced apart from each other in the left-right
direction of the outer frame 311. The plurality of first bars
312 may connect the left end and the right end of the
outer frame 311 and may be spaced apart from each
other in the front-rear direction of the outer frame 311.
Accordingly, the plurality of second bars 313 and the plu-
rality of first bars 312 may be arranged to be perpendic-
ular to each other in a grid or lattice structure.
[0104] At the left and right corners of the front end of
the outer frame 311, a pair of vertical bars 314 may extend
in the vertical direction, and the pair of vertical bars 314
may be attached to the horizontal bar 315. An inclined
bar 316 may extend from the lower end of each of the
pair of vertical bars 314 to the rear end of the outer frame
311.
[0105] The pair ofvertical bars 314 may transmit a ver-
tical load applied to the outer frame 311 to the installation
surface, thereby preventing the outer frame 311 from
bending due to the vertical load. The vertical load may
be understood as a combined load of a user’s upper body,
the cushion module 20, and a partial load of the topper 12.
[0106] The horizontal bar 315 may prevent the lower
ends of the pair of vertical bars 314 from being bent in a
direction away from each other or in a direction closer to
each other due to the vertical load. The inclined bar 316
may prevent the pair of vertical bars 314 from bending
forward or backward of the bedframe 30 due to the ver-
tical load.
[0107] A frame portion or bar may function as a hinge
axis or rotation center of the outer frame 311. A rotation
center of the upper body frame 31 may be defined as an
upper hinge axis. The upper hinge axis may be defined
by a bar at a rear end of the outer frame 311 of the upper
body frame 31.
[0108] An upper actuator 37 may be mounted on a bot-
tom surface of the outer frame 311 to rotate the upper
body frame 31 around the upper hinge axis. The upper
actuator 37 may include a drive 371 and a plunger 372
that is extended or contracted by the drive 371. When
the plunger 372 extends forward toward a front end of
the upper body frame 31, the upper body frame 31 may
rotate upward, and when the plunger 372 is retracted
backward toward the rear end of the upper body frame
31, the upper body frame 31 may rotate downward.
[0109] A fastening flange may fix the upper actuator
37 to a bottom of the seating frame 39. The fastening
flange may include a plunger fastening flange 317 to
which a front end of the plunger 372 may be rotatably
connected, and a drive fastening flange 318 to which a
rear end of the drive 371 is rotatably connected.
[0110] In addition, the plunger fastening flange 317
may be formed on the bottom surface of the upper body
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frame 31, and the drive fastening flange 318 may be
formed on the bottom surface of the hip frame 32. The
plunger fastening flange 317 may be formed at a higher
position than the drive fastening flange 318. A horizontal
line (or horizontal plane) passing through the plunger fas-
tening flange 317 and a horizontal line (or horizontal
plane) passing through the drive fastening flange 318
may be spaced apart by a predetermined distance in the
vertical direction.
[0111] With this structure, the plunger 372 may be pro-
vided to be inclined while the seating frame 39 may ex-
tend horizontally. When the plunger 372 is extended, the
upper body frame 31 may rotate upward so as to bend
with respect to the hip frame 32. If the plunger 372 is
retracted in a horizontal state, the upper body frame 31
may not rotate smoothly upward.
[0112] The hip frame 32, like the upper body frame 31,
may include an outer frame 321, at least one first bar or
cushion seating plates 322, and a plurality of second bars
or connection bars 323. The outer frame 321 may have
a rectangular shape by four bars. A plurality of upper
hinge shaft brackets 324 may be spaced apart from each
other in the left-right direction on a bottom surface of a
front end of the outer frame 321. A rear end of the upper
body frame 31 may be installed through the plurality of
upper hinge shaft brackets 324 so that the rear end of
the upper body frame 31 may be rotatably connected to
the front end of the hip frame 32.
[0113] The hip frame 32 may further include a load
support bar 328 connecting a bottom of the front end and
a bottom of the rear end of the outer frame 321. The drive
fastening flange 318 may be connected to the front end
of the load support bar 328. When the upper body frame
31 is tilted upward, the load support bar 328 may transmit
a vertical load to the upper actuator 37 to prevent the
drive fastening flange 318 from being pushed backward.
[0114] A lower actuator 38 may be mounted on the
lower side of the hip frame 32 so that the rear end of the
thigh frame 33 may be tilted in the vertical direction. Like
the upper actuator 37, the lower actuator 38 may include
a drive 381 and a plunger 382. A drive fastening flange
326 to which the drive 381 of the lower actuator 38 is
rotatably connected may be provided at a bottom surface
of the front end of the hip frame 32. A plunger fastening
flange 327 to which an end of the plunger 382 of the lower
actuator 38 is rotatably connected may be provided at
the bottom surface of the front end portion of the thigh
frame 33.
[0115] In addition, the drive fastening flange 326 may
be positioned higher than the plunger fastening flange
327. The upper actuator 37 may be mounted on the bot-
tom of the seating frame 29 such that the plunger 372 is
inclined upward, and the lower actuator 38 may be
mounted on the bottom of the seating frame 39 such that
the plunger 382 is inclined downward.
[0116] The support frame 36 may extend to the bottom
of the hip frame 32, and the lower end of the support
frame 36 may be connected to the base frame 35. The

base frame 35 may have a substantially rectangular
shape and may have rounded corners, but a shape of
the base frame 35 is not limited.
[0117] The support frame 36 may include a pair of
frames extending downwards at left and right sides (or
alternatively front and rear sides) of the hip frame 32.
The pair of frames of the support frame 36 may be re-
ferred to as a left support frame and a right support frame.
The lower end of the left support frame may be connected
to the left side of the base frame 35, and the lower end
of the right support frame may be connected to the right
side of the base frame 35. The support frame 36 and the
base frame 35 may be formed integrally as one body,
but embodiments disclosed herein are not limited.
[0118] The bottom surface of the support frame 36 may
pass through a same horizontal surface as the bottom
surface of the base frame 35. When the bedframe 30 is
placed on the installation surface, the support frame 36
and base frame 35 may prevent the bedframe 30 from
shaking in the left-right direction. The support frame 36
may be further provided on the bottom of the hip frame
32 corresponding to the inner space of the base frame 35.
[0119] An optional frame or bar having a same shape
as the support frame 36 may be provided on the left edge
and the right edge of the hip frame 32, respectively. When
a support frame having the same shape as the support
frame 36 is further provided at the left and right edges of
the hip frame 32, a vertical load acting from the topper
12 and the cushion module 20 may be transmitted to the
installation surface, and bending or sagging of the left
and right ends of the hip frame 32 may be reduced or
prevented.
[0120] An optional support frame or bar having a same
or similar shape as the support frame 36 may be formed
at the left and right side ends of the thigh frame 33 and
the left and right side ends of the calf frame 34, respec-
tively, as shown. The optional support frame provided at
the calf frame 34 is indicated in FIG. 9 as 34B.
[0121] A support structure defined by the vertical bar
314 and the horizontal bar 315 formed at the front end
of the upper body frame 31 may be formed in the same
manner at the rear end of the calf frame 34. A plurality
of lower hinge shaft brackets 325 may be formed on the
bottom surface of the front end of the hip frame 32. Like
the plurality of upper hinge shaft brackets 324, the plu-
rality of lower hinge shaft brackets 325 may be spaced
apart from each other in the left and right direction of the
hip frame 32.
[0122] A frame or bar defining a front end of the thigh
frame 33 may pass through the lower hinge shaft bracket
325 so that the front end of the thigh frame 33 is at or
adjacent to the rear end of the hip frame 32. The bar of
the front end of the thigh frame 33 may be a rotation
center of the thigh frame 33 and define as a lower hinge
axis.
[0123] The thigh frame 33 may have a shape substan-
tially symmetrical with the hip frame 32, but a shape of
the thigh frame 33 is not limited. Front-rear lengths of the
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hip frame 32 and thigh frame 33 may be configured based
on lengths of a human thigh and hip. For example, the
thigh frame 33 may be longer than the hip frame 32 in
the front-rear direction.
[0124] The thigh frame 33, like the hip frame 32, may
have a rectangular outer frame 331, at least one first bar
or cushion seating plate 332 extending across left and
right ends of the outer frame, and a plurality of second
or connection bars 333 connecting the front end and the
rear end of the outer frame 331..
[0125] The plunger fastening flange 327 may be pro-
vided on the bottom of the front end of the thigh frame
33, and the plunger fastening flange 327 may be provided
at an end of the plunger 382 of the lower actuator 38. A
plurality of connection flanges 334 may extend at the rear
end of the thigh frame 33. The plurality of connection
flanges 334 may be formed on the left and the right sides
of the rear end of the thigh frame 33.
[0126] Like the upper body frame 31, the calf frame 34
may include an outer frame 341, at least one first bar or
cushion seating plate 342, and at least one second or
connection bar 343. The outer frame 341 may have a
substantially rectangular shape, and one or more cushion
member seating plates 342 may be provided.
[0127] A plurality of first bars 342 may be provided on
upper surfaces of left and right ends of the outer frame
341, and may be spaced apart in the front and rear di-
rection of the calf frame 34. A plurality of second bars
343 may connect a front end and a rear end of the outer
frame 341 and may be spaced apart in the left right di-
rection of the calf frame 34.
[0128] A connection flange 344 having the same shape
as the connection flange 334 formed on the rear end of
the thigh frame 33 may be formed at the front end of the
calf frame 34. The connection flange 334 of the thigh
frame 33 and the connection flange 344 of the calf frame
34 may be rotatably connected.
[0129] Referring to Figures 9-11, when the upper body
frame 31, the hip frame 32, the thigh frame 33, and the
calf frame 34 lie in a same horizontal plane, the seating
frame 39 and or bedframe 30 may be in a first or default
state. The upper body frame 31 and/or the thigh frame
33 may be tilted a predetermined angle by an operation
of the upper actuator 37 and/or the lower actuator 38
respectively, for use. FIG. 10 shows a state in which the
plunger 372 of the upper actuator 37 is elongated while
the upper body frame 31 is tilted upward and the thigh
frame 33 is tilted upward. The hip frame 32 may be main-
tained in a horizontal state, and a load (or rotational mo-
ment) transmitted from the upper body frame 31 to the
upper actuator 37, in addition to a load transmitted from
the thigh frame 33 to the lower actuator 38, may be trans-
mitted to the hip frame 32.
[0130] Two symmetrical rotational moments transmit-
ted to the hip frame 32 may be countered or balanced
by the base frame 35, which may reduce a possibility of
the front or rear end of the base frame 35 being lifted up
off the installation surface. A length of the base frame 35

may be sufficiently long in order to prevent the base frame
35 and thus the bed 10 from falling or tilting.
[0131] Referring to FIG. 12, the cushion module 20
may be defined as an assembly of firmness adjusters M1
each having an array of cushions C arranged in a module
or cushion case 21. The cushion case 21 may be placed
on the first bars (also referred to as cushion seating
plates) 312, 322, 332 and 342 provided on the upper
surface of the bedframe 30. The first bars 312, 322, 332,
and 342 may be located at a center of the bottom of the
cushion case 21.
[0132] A fastening member S (e.g., screw or bolt) may
be inserted into the first bars 312, 322, 332, 342 through
a bottom of the cushion case 21 so that the cushion case
21 and cushions C may be coupled to the bedframe 30.
A through hole through which the fastening member S
passes may be formed in a center of a bottom of side
ends of the cushion case 21. In addition, a fastening hole
332a through which the fastening member S passes may
be formed at left and right edges of the first bars
312,322,332,342, so that the side ends of the cushion
case 21 may be fixed to the first bars 312, 322, 332, and
342. An optional adhesive member (e.g., double-sided
tape) may be provided on the upper surface of first bars
312,322,332,342 so that a bottom of the cushion case
21 may be further secured to the first bars
312,322,332,342.
[0133] Referring to FIG. 13, at least one partition or
wall 40 according to an embodiment may be interposed
between adjacent cushion modules to prevent interfer-
ence between adjacent cushion modules. The partition
40 may be provided at a hinge axis between adjacent
frames of the bedframe 30.
[0134] There may be a plurality of partitions 40 lying
along an upper hinge axis serving as a rotation center of
the upper body frame 31, a lower hinge axis serving as
a rotation center of the thigh frame 33, and at a hinge
axis serving as a rotation center of the calf frame 34.
Alternatively or in addition thereto, the calf frame 34 may
rest on the relative rotating connection flanges 334,344.
[0135] A partition 40 provided between the upper body
frame 31 and the hip frame 32 may be defined as a first
partition. A partition 40 provided between the hip frame
32 and the thigh frame 33 may be defined as a second
partition. A partition 40 provided between the thigh frame
33 and the calf frame 34 may be defined as a third par-
tition.
[0136] When the upper body frame 31 is tilted upward,
the cushion C at the rear end of the upper body frame
31 may approach an upper portion of the cushion C at
the front end of the hip frame 32, and without a partition
40 therebetween, may contact the cushion C such that
the cushions C become deformed and compressed. Sim-
ilarly, when the thigh frame 33 is tilted upward, adjacent
cushions C (one at the front end of the thigh frame 33
and one at the rear end of the hip frame 32) may approach
each other, and, without a partition 40 therebetween, may
contact and compress each other. By providing the first
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partition 40 between the upper body frame 31 and the
hip frame 32 and the second partition 40 between the hip
frame 32 and the thigh frame 33, during a bending motion
of the upper body frame 31 and/or the thigh frame 33,
the cushions C may press on and deform the partitions
40 instead of other cushions C.
[0137] The third partition 40 may have a thickness
greater in the front-rear direction than a gap between a
cushion C placed at a rear end of the thigh frame 33 and
a cushion C placed at a front end of the calf frame 34.
When the third partition 40 is sandwiched between the
thigh frame 33 and the calf frame 34, the third partition
40 may be maintained in a compressed state when no
external force is applied and/or the bedframe 30 is in the
default state (i.e., a horizontal or flat state).
[0138] As the thigh frame 33 is tilted upward, the dis-
tance between the cushions C adjacent to the front and
rear ends of the third partition 40 may increase. As a
result, the third partition 40 may expand by a restoring
force such that a front-rear thickness increases toward
a natural thickness of the third partition 40. Since the rear
end of the thigh frame 33 and the front end of the calf
frame 34 may rotate relative to each other, a shape of
the third partition 40 may be transformed or extended
into a fan or wedge shape having a larger upper end
thickness than a lower end thickness.
[0139] Each partition 40 may be made of the same
material as the topper 12 or the safe guard 13, and thus
a shape deformation may occur when an external force
is applied. The partition 40 may return to an original state
when the external force is removed.
[0140] The partition 40 may include a body 41, a plu-
rality of slits 42 formed on an upper end of the body 41,
and a plurality of fins 32 defined between the plurality of
slits 42. The plurality of slits 42 may be formed at the
upper end of the body 41 to facilitate a deformation of
the upper end of the partition 40. The plurality of slits 42
and fins 43 may extend in the longitudinal direction of the
partition 40 (a width direction or left-right direction of the
bedframe 30). The slits 42 and fins 43 may alternate with
each other along a thickness direction of the partition 40
(a length direction or front-rear direction of the bedframe
30.
[0141] Referring to Figures 14-16, the cushion C may
have a cylindrical shape, but embodiments disclosed
herein are not limited. For example, the cushion C may
have a polygonal cylindrical shape.
[0142] Each cushion C may include an outer case 91,
an inner case 92, an outer spring 93, an inner spring 94,
and an upper cover 97, a lead screw 99, and a transmis-
sion gear 990. The cushion C may further include an
inner spring cover 95, an outer spring cover 98, and a
buffer or inner cover 96.
[0143] The outer and inner springs 93 and 94 may each
include a coil spring wound in a spiral shape, but embod-
iments disclosed herein are not limited. For example, the
outer and inner springs 93 and 94 may alternatively be
accordion springs or made of a cushion or other elastic

material.
[0144] The inner spring 94 may have a diameter small-
er than that of the outer spring 93 and may have an elastic
modulus or a spring constant smaller than that of the
outer spring 93. An elastic strength of the inner spring 94
may be set or predetermined to be smaller than an elastic
strength of the outer spring 93. The elastic strength or
spring constant may be inversely proportional to an
amount of deformation. For example, an amount of de-
formation of the inner spring 94 may be greater than that
of the outer spring 93 with respect to a same applied axial
force. As an alternative, the elastic strength or spring
constant of the inner spring 94 and the outer spring 93
may be set or predetermined to be equal to each other.
[0145] A thread may be formed on an outer circumfer-
ential surface of the lead screw 99, and the transmission
gear 990 may be coupled to a lower end of the lead screw
99. The lead screw 99 may be rotatably coupled to a
center of a bottom of the outer case 91, and the inner
case 92 may be screwed onto the outer peripheral sur-
face of the lead screw 99. An inner surface of the inner
case 92 may be optionally formed with screws to facilitate
coupling to the lead screw 99. By a rotation of the lead
screw 99 and a position of the inner case 92 within the
outer case 91, the inner case 92 may rise or descend
along the lead screw 99.
[0146] The inner spring cover 95 may surround the in-
ner spring 94 and may include a thin fabric or an elastic
material, but is not limited thereto. A shape of the inner
spring cover 95 may be deformed according to an elastic
deformation of the inner spring 94 and restored based
on a restoration of the inner spring 94.
[0147] The outer spring cover 98 may surround the out-
er spring 93 and may be made of a same material as the
inner spring cover 95, but embodiments disclosed herein
are not limited to materials of the inner and outer spring
covers 98 and 95. Like the inner spring cover 95, the
outer spring cover 98 may be deformed or restored based
on a deformation or restoration of the outer spring 93.
[0148] The buffer 96 may be mounted on a bottom sur-
face of the upper cover 92, and an upper end of the inner
spring 94 may contact a bottom surface of the buffer 96
to absorb shock and noise. For example, when the inner
case 92 is lowered to a point where the upper end of the
inner spring 94 is spaced apart from a bottom surface of
the upper cover 97 and a vertical force acts or changes
on the cushion C, the buffer 96 may absorb noise gen-
erated when the inner spring 94 hits a bottom surface of
the upper cover 97.
[0149] Referring to Figure 17, the upper cover 97 may
have a circular or polygonal cover plate or top plate 971,
and a cover sleeve 972 extending downward from an
edge of the cover plate 971. A buffer seating recess 971
a may be formed on the lower surface of the cover plate
971 to be stepped upward. A bottom surface of the cover
plate 971 corresponding to an edge of the buffer seating
portion or recess 971a and an inner edge of the cover
sleeve 972 may be defined as a spring seating portion
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or recess 971b. The upper end of the outer spring 93
may be seated on the spring seating recess 971b.
[0150] Referring to Figure 18, the inner case 92 may
include a base plate 921 having a circular or polygonal
shape. A base sleeve 922 may extend upward from an
edge of the base plate 921, and a screw boss 923 may
extend upward from a center of the upper surface of the
base plate 921.
[0151] The base sleeve 922 may have a plurality of
guide protrusions 927 protruding in a radial direction, and
the plurality of guide protrusions 927 may be spaced
apart in a circumferential direction of the base sleeve
922. Each guide protrusion 927 may be formed by bend-
ing and extending the base sleeve 922. The guide pro-
trusion 927 may include a pair of side surfaces or walls
extending in a radial direction of the base plate 921 and
facing each other, and a front surface or wall connecting
the pair of side portions.
[0152] A screw hole 924 may be formed inside the
screw boss 923, and a screw thread 925 may be formed
on an inner circumferential surface of the screw hole 924.
A plurality of reinforcing ribs 926 may extend radially out-
ward from an outer circumferential surface of the screw
boss 923. A lower end of the inner spring 94 may be
provided in a space between outer ends of the plurality
of reinforcing ribs 926 and an inner circumferential sur-
face of the base sleeve 922. The plurality of reinforcing
ribs 926 may reinforce a strength of the screw boss 923
and also reduce or prevent a movement of the inner
spring 94 in the radial direction.
[0153] One or more holes or slits 928 may be formed
in the base plate 921 at positions circumferentially be-
tween sides of the reinforcing ribs 926. The holes 928
may be formed to be closer to an outer surface of the
screw boss 923 than outer ends of the reinforcing ribs
926, but embodiments disclosed herein are not limited.
[0154] Referring to FIG. 19, the outer case 91 may in-
clude a bottom plate 911 having a circular or polygonal
shape, and a case sleeve 912 extending upward from an
upper surface of the bottom plate 911. The case sleeve
912 may have a diameter smaller than a diameter of the
bottom plate 911.
[0155] A spring flange 913 may be bent and extended
upward from an outer edge of the bottom plate 911, and
the spring flange 913 may radially surround the case
sleeve 912. The upper surface of the bottom plate 911
between the spring flange 913 and the case sleeve 912
may be defined as a spring mounting space or recess
914 in which a lower end of the outer sleeve 93 may be
seated or mounted.
[0156] A pair of guide ribs 915 may extend radially in-
ward from an inner circumferential surface of the case
sleeve 912 to define a guide space. The guide ribs 915
in the pair of guide ribs 915 may be spaced apart in a
circumferential direction of the case sleeve 912. A plu-
rality of pairs of guide ribs 915 may further be spaced
apart from each other along the circumferential direction.
[0157] The guide protrusions 927 of the inner case 92

(FIG. 18) may be fitted in the guide space between the
pair of guide ribs 915. A position and number of guide
spaces formed by the pair of guide ribs 915 may corre-
spond to a position and a number of the guide protrusions
927.
[0158] A screw hole 916a may be formed in a center
of the bottom plate 911. A support sleeve 916 may extend
upward at an edge of the screw hole 916a. The lead
screw 99 may pass through the screw hole 916a.
[0159] A plurality of air holes or slots 917 may be
spaced apart from each other in a circumferential direc-
tion in the bottom plate 911. Each of the plurality of air
holes 917 may be formed in a long hole or arc shape that
curves to be round in the circumferential direction of the
bottom plate 911, but a size or shape of the air hole 917
is not limited thereto. The air holes 917 may be provided
at positions that are circumferentially between adjacent
pairs of guide ribs 915 and/or at positions radially inward
from the guide ribs 915, but embodiments disclosed here-
in are not limited.
[0160] A plurality of vibration preventing ribs 918 may
protrude from an upper surface of the bottom plate 911
at an inner edge of the case sleeve 912. The vibration
prevention ribs 918 may protrude radially inward from an
inner peripheral surface of the case sleeve 912 toward
a center of the bottom plate 911. A side of the vibration
prevention rib 918 facing the center of the bottom plate
911 may be curved or rounded, and the vibration preven-
tion rib 918 may have a semicircle or elliptical shape, but
embodiments disclosed herein are not limited.
[0161] Referring to FIG. 20, the pair of guide ribs 915
may contact side surfaces of the guide protrusions 927
formed on the inner case 92. The guide protrusion 927
may be supported by the guide rib 915 to prevent or re-
duce a spinning movement of the inner case 92 in the
circumferential direction when the inner case 92 is raised
or lowered.
[0162] When the inner case 92 descends to a bottom
surface of the outer case 91, the vibration prevention rib
918 may contact an outer circumferential surface of the
inner case 92 to prevent or reduce rattling of the inner
case 92 along the radial direction and reduce or prevent
noise.
[0163] Referring to Figures 21 and 22, the lead screw
99 may be rotated in a clockwise or counterclockwise
direction to adjust a height of the inner case 92. In a basic
state in which no external force is applied, the upper end
of the inner spring 94 may or may not touch the buffer
96 depending on the height of the inner case 92.
[0164] When an external force in the vertical direction
acts on the upper surface of the cushion C, the outer
cover 97 may descend and compress the outer spring
93 and the inner spring 94 simultaneously, or, the outer
spring 93 may be first compressed before the inner spring
94 and outer spring 93 are compressed together.
[0165] A firmness or cushion strength of the cushion
C may be adjusted by adjusting a height of the inner
spring 94. When the lead screw 99 is rotated in a direction
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that induces the inner spring 94 to be raised to have a
height similar to a height of the outer spring 93, and the
user sits on the bed, both the outer and inner springs 93
and 94 may be compressed. As a weight of the user acts
on both the outer and inner springs 93 and 94, a defor-
mation amount of each of the outer and inner springs 93
and 94 may be less than if all of the weight of the user
acted on only one of the outer or inner springs 93 and
94. When the outer and inner springs 93 and 94 are com-
pressed at a same time, the user may perceive an in-
creased firmness. When the lead screw 99 is rotated such
that the inner spring 93 is lowered so that a height of a
top of the inner spring 94 is significantly below a height
of the top of the outer spring 93, the weight of the user
may act on the outer spring 93, a deformation amount of
the outer spring 93 may be greater, and the user may
perceive a decreased firmness.
[0166] Referring to Figures 23 and 24, the cushion
module 20 may include a plurality of firmness adjusters
M1 each having a cushion case 21 and a plurality of cush-
ions C arranged in the cushion case 21. The figures show
that one firmness adjuster M1 may have eight cushions
C, but embodiments disclosed herein are not limited to
eight cushions C per firmness adjuster M1. The firmness
adjuster M1 may include a drive 24 (e.g., motor or actu-
ator) (See FIG. 25) to collectively and equally adjust an
elastic strength of the cushions C.
[0167] There may be a plurality of firmness adjusters
M1 corresponding to various areas of the bed. For ex-
ample, there may be one firmness adjuster M1 for each
of the upper frame 31, hip frame 32, thigh frame 33, and
calf frame 34. As another example, there may be two
firmness adjusters M1 for each of the upper, hip, thigh,
and calf frames 31-34, one for each of the left and right
sides of the upper, hip, thigh, and calf fames 31-34. Em-
bodiments disclosed herein are not limited to an arrange-
ment of firmness adjusters M1.
[0168] The module case 21 may include a bottom or
outer case 23 and an upper or inner case 22. The drive
24 may be provided in a motor housing 235, which may
be a recess or cavity formed in a bottom of the bottom
case 23 (FIG. 25). The drive 24 may be provided between
an upper surface of the bottom case 23 and a bottom
surface of the upper case 22.
[0169] Referring to FIGS. 25 and 26, the drive 24 may
include a drive motor. For convenience of description,
the drive 24 will be hereinafter referred to as a motor 24.
A gear assembly 25 may be rotatably moveable by the
motor 24. For example, FIG. 25 shows that a shaft may
extend upward from the motor 24 to be rotatably coupled
to a gear of the gear assembly 25. A plurality of other
gears of the gear assembly 25 may engage with the gear
rotated by the motor 24 to rotate. The motor 24 and gear
assembly 25 together may be referred to as a rotational
force transmission or transmitter that transmits a rota-
tional force.
[0170] The upper case 22 may include an outer frame
or wall 221 formed in a rectangular shape with a prede-

termined height, and an inner plate 222 formed inside
the outer wall 221. The inner plate 222 may be provided
a predetermined distance upward from a lower end of
the outer wall 221 to divide the inner space of the upper
case 22 into an upper space and a lower space. The gear
assembly 25 may be provided in the lower space of the
upper case 22, and the plurality of cushions C may be
provided in the upper space of the upper case 22.
[0171] A plurality of gear shafts 225 may protrude from
the bottom surface of the inner plate 222 so that gears
G to be described later may be rotatably mounted. A plu-
rality of partition plates or walls 223 may protrude from
the upper surface of the inner plate 222 to divide the
upper space of the outer frame 221 into a plurality of
small spaces in which the cushions C may be provided.
[0172] The plurality of partition plates 223 may include
a plurality of horizontal or first partition plates 223 extend-
ing in the width direction of the upper case 22 and ar-
ranged at equal intervals in the length direction, and at
least one vertical or second partition plate 223 extending
in the length direction of the upper case 22. The second
partition plate 223 may divide the upper space of the
outer frame 221 into left and right sides.
[0173] A number of second partition plates 223 may
be determined according to a number of rows (extending
in the front-rear direction) in which the plurality of cush-
ions C are arranged, and the number of first partition
plates 223 may be determined according to a number of
rows or columns (extending in the left-right direction) in
which the plurality of cushions C are arranged.
[0174] A support sleeve or flange 224 may extend in
each of a plurality of small spaces partitioned by the first
and second partition plates 223, and a through hole 224a
may be provided in the inner plate 222 at an inner side
of the support sleeve 224. The support sleeve 224 and
the partition plates 223 may have a same or similar
height, and an inner diameter of the support sleeve 224
may be formed to have a size corresponding to an outer
diameter of the cushion C.
[0175] The through hole 224a may have a diameter
smaller than an inner diameter of the support sleeve 224.
A seating surface 224b may be formed on the upper sur-
face of the inner plate 222 at an inner bottom of the sup-
port sleeve 224 to support an outer edge of the cushion C.
[0176] A diameter of the through hole 224a may have
a size corresponding to or slightly bigger than that of an
outer diameter of the transmission gear 990 so that when
the cushion C is seated inside the support sleeve 224 on
the seating surface 224b, the transmission gear 990 may
be exposed through or pass through the through hole
224a to the lower space of the outer frame 221.
[0177] Meanwhile, a seal 26 or gasket may be provided
at an edge of the lower space of the upper case 22 to
reduce or prevent an inflow of foreign matter through a
coupling portion or area between the bottom case 23 and
the upper case 22. The seal 26 may also reduce or pre-
vent noise (e.g., noise of the gear assembly 25) gener-
ated in the lower space of the outer frame 221.
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[0178] The bottom case 23 may include a bottom plate
231 and a side wall 232 extending upward from an edge
of the bottom plate 231. The side wall 232 may contact
the inner circumferential surface of the outer frame 21
defining a lower space of the upper case 22. The seal 26
may contact an upper end of the side wall 232 and/or
may be fitted between an outer circumferential surface
of the upper end of the side wall 232 and the inner cir-
cumferential surface of the outer wall 221. Alternatively,
the side wall 232 may fit in a space between the seal 26
and the outer wall 221.
[0179] The seal 26 may be made of an elastic, rubber,
or plastic material, and may extend downward from the
bottom surface of the upper case 22. The seal 26 may
be provided at an inner side of the outer wall 221 and
extend along an outer side or perimeter of the bottom
surface of the upper case 22.
[0180] A plurality of shaft holes 233 may be formed in
the bottom plate 231 at positions below or aligning with
the plurality of gear shafts 225. Alternatively, the shaft
holes 223 may be omitted, and a length of the gear shaft
225 may correspond to a depth of the lower space of the
upper case 22 (i.e., a distance between the bottom sur-
face of the inner plate 222 and the bottom plate 231). As
another alternative, the shaft holes 223 may instead be
formed by recessing an upper surface of the bottom case
23 downward.
[0181] A motor housing 235 to house the motor 24 may
protrude from a bottom surface of the bottom plate 231.
The motor housing 235 may be formed such that a portion
of the bottom plate 231 is recessed or stepped downward
by a predetermined depth. Alternatively, a communica-
tion hole may be formed in the bottom plate 231, and a
separate housing may be coupled to a bottom of the bot-
tom plate 231 at a position directly below the communi-
cation hole to define the motor housing 235.
[0182] The gear assembly 25 may include a drive gear
251 driven by the motor 24 and at least one driven gear
252 configured to engage with and be driven by the drive
gear 251. The transmission gears 990 of the cushions C
may be adjacent to the driven gears 252. There may be
idle gears not part of the cushions C that are provided
between adjacent transmission gears 990 so as to trans-
mit a rotational force to the transmission gears 990 that
are part of the same firmness adjuster M1. Alternatively,
when there is a plurality of driven gears 252, all of the
plurality of driven gears 252 may be defined as idle gears.
As another alternative, there may be one driven gear 252
and a plurality of idle gears. Embodiments disclosed
herein are not limited to an arrangement of the gear as-
sembly 25 and the transmission gears 990.
[0183] The gear shaft 225 may extend from the bottom
surface of the inner plate 222. Alternatively, the gear shaft
225 may extend upward from the top surface of the bot-
tom plate 231.
[0184] A spacer 234 may be provided in a center of
the bottom plate 231 in a space between two rows of
transmission gears 990 that extend in a length direction

of the cushion case 21. The spacer 234 may be a panel
or frame extending in the length direction, but embodi-
ments disclosed herein are not limited.
[0185] The spacer 234 may prevent the driven gears
252 or idle gears from being moved in a width direction
of the module case 21 and disrupting a gear coupling of
the gear assembly 25 and the transmission gears 990.
The spacer 234 may have a height corresponding to a
gap between the inner plate 222 and the bottom plate
231, and may prevent or reduce sagging of the inner
plate 222. The spacer 234 may optionally be configured
to add structural rigidity to the cushion case 21.
[0186] Referring to Figures 27 and 28, the transmission
gears 990 and the driven gears 252 may be alternately
arranged with each other, and all of the transmission
gears 990 may rotate in the same direction. A rotational
force supplied from the motor 24 may be transmitted to
the driven gear 252 through the driving gear 251, and
the rotational force transmitted to the driven gear 252
may be transmitted to a transmission gear 990 and sub-
sequent transmission gears 990 via other driven gears
252 or idle gears. For convenience of description, a gear
directly connected to the drive gear 251 may be defined
as the driven gear 252, while a gear provided between
adjacent transmission gears 990 may be defined as the
idle gear.
[0187] The drive gear 251 may be engaged with a driv-
en gear row located at an outer side or end (e.g., a front
end) of the cushion case 21, but embodiments disclosed
herein are not limited. For example, the motor 24 and
motor housing 235 may be provided at a center of the
bottom case 23, and the drive gear 251 and driven gear
252 may be provided in a middle or center portion of the
bottom case 23, with idle gears provided at either side
or end.
[0188] When a firmness for a particular area of the bed
is set through a user interface (e.g., provided in the bed-
frame 30, safe guard 13, remote controller 800 described
later or on a mobile or web application, the motor 24 of
a corresponding firmness adjuster M1 may rotate, a ro-
tational force may be transmitted to the gear assembly
25, and the plurality of cushions C in a same firmness
adjuster M1 may be controlled to have a same elastic
strength. The user may desire that a firmness of the bed
be uniform, in which case, all of the firmness adjusters
M1 may be controlled such that all of the cushions C have
the same firmness.
[0189] In addition, although the Figures show a 2 x 4
arrangement of the cushions C in each firmness adjuster
M1, embodiments disclosed herein are not limited to such
a number or arrangement and may be customized, along
with a size of the cushions C and an overall size of the
firmness adjuster M1. When a plurality of cushions C are
provided in one row, one driven gear 252 may be con-
nected to the driving gear 251. When three or more rows
of cushions C are provided, if idle gears are provided
between adjacent driven gears 252, a firmness of three
or more rows of cushions C can be controlled with one
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motor 24.
[0190] Referring to Figures 29 and 30, a drying module
50 that supplies air or fluid to dry the topper 12 may be
mounted on a bottom of the bed 10 (e.g., at a bottom of
the cushion module 20 or bedframe 30) according to an
embodiment. An inlet 131 to suction ambient air may be
formed in the safe guard 13 at the foot of the bed 10.
Alternatively, the inlet 131 may be formed in the safe
guard 13 provided near the head of the bed 10; however,
since user’s tend to push a head of their bed against a
wall, an inlet 131 provided at the foot may be better to
suction the air. Embodiments disclosed herein are not
limited to a position of the inlet 131. The inlet 131 may
be positioned in consideration of an installation condition
of the bed 10 or a layout of a bedroom. As another ex-
ample, there may be a plurality of inlets 131 provided in
the safe guards 13 at both the head and the foot of the
bed, and the inlets 131 may be provided near corners
and/or near lower ends of the safe guards 13.
[0191] The inlet 131 may be connected to an air intake
passage or duct (e.g., suction duct 52 described later)
formed in the drying module 50. Air introduced into the
drying module 50 through the inlet 131 may be dis-
charged toward the topper 12 through an indoor air dis-
charge hole or outlet formed in the drying module 50. A
structure of the drying module 50 will be described in
more detail with reference to Fig. 31, but as seen in Fig-
ures 29 and 30, the drying module 50 may be configured
as hollow extensions extending lengthwise under left and
right sides of the bed and communicating with the inlets
131, and outlets may be formed in an upper surface of
the long rectangular extensions. Each extension of the
drying module 50 may include a fan to suction air. Em-
bodiments disclosed herein are not limited, and various
drying modules are disclosed in co-pending U.S. Appli-
cation Serial No.__________ (Attorney Docket No. HI-
1761) filed on __________, the entire contents of which
are incorporated by reference herein.
[0192] As shown in FIG. 30, a plurality of outlets may
be formed in the drying module 50 to face the topper 12.
Air may be discharged upward from the drying module
50, pass through the cushion module 20, and flow toward
the topper 12 to dry the topper 12.
[0193] Since the topper 12 may be formed of a porous
memory foam, some of the air hitting the bottom of the
topper 12 may pass through the topper 12. The rest of
the air hitting the topper 12 may be diffused to an edge
of the bottom surface of the topper 12 and rise along a
side of the topper 12. The air rising along the side of the
topper 12 may flow through a space between the bed
cover 11 and a top surface of the topper 12 to evaporate
moisture that has penetrated the top surface of the topper
12.
[0194] The outlet of the drying module 50 may not con-
tact a bottom surface of the cushion module 20 or bed-
frame 30. Air discharged through the outlet may rise
through a plurality of gaps formed in the cushion module
20 and may be evenly distributed over the entire bottom

of the topper 12.
[0195] Referring to FIG. 31, the drying module or dryer
50 may include at least one fan or blower 53 to suction
air, at least one suction duct 52 having a first end con-
nected to a suction hole or side of the fan 53, and at least
one supply duct 54 having a first end connected to a
discharge hole or side of the fan 53. A second end op-
posite to the first end of the suction duct 52 may commu-
nicate with the inlet 131, and a filter 51 may be provided
at the second end of the suction duct 52 to filter suctioned
air. The supply duct 54 may be formed with discharge or
outlet ducts 55, each discharge duct 55 having an outlet
or discharge port 551. The discharge port 551 may be
formed in a slit. The drying module 50 may have two sets
of suction ducts 52, supply ducts 54, fans 53, etc. corre-
sponding to left and right sides of the bed, but embodi-
ments disclosed herein are not limited. A number of sets
of suction ducts 52, supply ducts 54, fans 53, etc. may
correspond to a number of inlets 131.
[0196] The second end of the suction duct 52 may be
defined as an air intake or inlet of the drying module 50,
and the discharge port 551 formed in the discharge duct
55 may be defined as an air discharge port or outlet of
the dryer module 50. The suction and supply ducts 52
and 54 may be formed as hollow rectangular extensions
having flat upper surfaces, but embodiments disclosed
herein are not limited to a rectangular shape. Two supply
ducts 54 coupled to opposite sides of the fan 53 may be
at least partially provided on top of the upper surface of
the suction duct 52, and the discharge ducts 55 may be
provided on top of the upper surface of the supply duct
54. The filter 51 may be mounted at the second end of
the suction duct 52, or alternatively may be mounted in
the suction port 131 formed in the safe guard 13.
[0197] The drying module 50 may be fixed to the bed-
frame 30 such that, when the bedframe 30 is tilted, the
drying module 50 may also be tilted. The suction duct 52
may include flexible ducts or sections 522 capable of
bending and rigid ducts or section 521 that may not bend.
Like the suction duct 52, the supply duct 54 may be
formed of a combination of rigid ducts 541 and flexible
ducts 542. The rigid ducts 521 and 541 and flexible ducts
522 and 542 may alternatively be referred to as hard and
soft ducts. The flexible ducts 522 and 542 may be cor-
rugated pipes or tubes and/or have an accordion spring
structure. Alternatively, the flexible ducts 522 and 542
may be formed of an elastic or soft material, but embod-
iments disclosed herein are not limited.
[0198] The flexible ducts 522 and 542 may be provided
under rotation axes of the bedframe 30 (i.e., under the
partitions 40). For example, the flexible ducts 522 and
542 may be provided under where the upper body frame
31 and the hip frame 32 meet, where the hip frame 32
and the thigh frame 33 meet, and where the thigh frame
33 and the calf frame 34 meet.
[0199] The sets of suction and supply ducts 52 and 54
and fans 53 of the drying module 50 may be arranged in
a width direction of the bed 10. As another alternative
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arrangement, although the fan 53 may have one inlet,
the fan 53 may have multiple outlets and multiple sets of
supply ducts 54 coupled to the multiple outlets of the fan
53. Such an alternative arrangement may have supply
ducts 54 extending radially outward from the fan 53.
[0200] The fan 53 may be a centrifugal fan (e.g., a turbo
fan) that suctions air in an axial direction and discharges
air in a radial direction, but embodiments disclosed herein
are not limited. The fan 53 may include a hub, blades,
and a fan housing to accommodate the hub and blades.
A single suction port or inlet may be formed on a bottom
surface of the fan housing, and a plurality of discharge
ports or outlets may be formed on a side surface of the
fan housing. The fan 53 may be provided at a position
far from the user’s ear (e.g., at a foot of the bed 10) to
reduce or prevent noise from disrupting the user.
[0201] As shown, a pair of discharge ports may be
formed on opposite side surfaces of the fan housing of
the fan 53. A pair of supply ducts 54 may extend a pre-
determined length in opposite directions from the fan
housing of the fan 53 to be aligned in a single row. How-
ever, depending on the structure of the bedframe 30, the
supply ducts 54 may be angled less than 180 degrees
apart.
[0202] A plurality of discharge ducts 55 may extend
across an upper surface of the supply duct 54, and the
plurality of discharge ports 551 may be spaced apart from
each other in the longitudinal direction of the supply duct
54. The discharge port 551 may penetrate the discharge
duct 55 to communicate with outlets of the supply duct
54. The plurality of discharge ducts 55 and the supply
ducts 54 may be injection molded into a single body. Al-
ternatively, the plurality of discharge ducts 55 may be
manufactured separately and later combined with the
supply duct 54.
[0203] Each of the plurality of discharge ducts 55 may
have a predetermined width and may extend for a pre-
determined length in a direction crossing an extending
direction of the supply duct 54. An upper surface of the
discharge duct 55 may be opened, and the discharge
port 551 may penetrate a bottom surface. Alternatively,
the discharge duct 55 may have a closed upper surface
to be a hollow box or rectangle, and the discharge port
551 may penetrate both the upper and lower surfaces to
communicate with the outlet of the supply duct 54. As
another alternative, the discharge duct 55 may have an
inlet formed in the bottom surface and communicating
with the outlet of the supply duct 54, and the discharge
port 551 may be formed in the upper surface. Embodi-
ments disclosed herein are not limited.
[0204] The discharge port 551 may have a predeter-
mined width, extends a predetermined length in the lon-
gitudinal direction of the discharge duct 55, and may be
formed in a slit shape, but embodiments disclosed herein
are not limited. When the discharge port 551 has a narrow
slit shape, a speed of air discharged through the dis-
charge port 551 may be increased to be effectively trans-
ferred to the topper 12. The width of the discharge duct

55 may correspond to a width of the partition 40, but
dimensions of the discharge duct 55 are not limited.
[0205] When the drying module 50 includes one set of
supply ducts 54, fan 53, and suction duct 52, the drying
module 60 may be provided under a center of the bed
10, and the discharge duct 55 may have to a length cor-
responding to a width of the bed 10 or the topper 12. A
length of the discharge port 551 may be elongated to
extend width-wise under a majority of the bed 10.
[0206] The suction duct 52 may be approximately par-
allel to the supply duct 54, but embodiments disclosed
herein are not limited. As another example, the suction
duct 52 may be orthogonal to the supply duct 54 to extend
in the width direction of the bed 10. As a length of the
suction duct 52 decreases, a flow resistance may de-
crease. The suction port or inlet of the suction duct 52
may be provided at a side of the bed 10.
[0207] Referring to Figures 32 and 33, a bed 10a ac-
cording to a second embodiment may include a cushion
module 20, a bedframe 300, and a topper 12 that is de-
tachable from the cushion module 20. The topper 12 may
be surrounded by a bed cover 11. Although a thickness
of the topper 12 is shown to be greater than a thickness
of the topper 12 shown in Figure 3, embodiments dis-
closed herein are not limited to a thickness of the topper
12. For example, the topper 12 of the second embodi-
ment may be just as thin or thick as the topper 12 of the
first embodiment.
[0208] A drying module or dryer 500 may be provided
below the bedframe 300, and the drying module 500 may
be coupled to the bedframe 300 so that when the bed-
frame 300 is tilted, a portion of the drying module 500
may also be tilted. The drying module 500, like the drying
module 50 described with reference to Figures 30-32,
may suction ambient air and supply air to the topper 12
to dry the topper 12. The cushion module 20 may be
defined as an assembly or array of firmness adjusters
M1 and partitions 40, similar to the first embodiment.
[0209] The bed 10a may further include a guard frame
60 surrounding the cushion module 20 and the bedframe
300. The guard frame 60 may be similar to the safe guard
13 described with reference to Figures 1-32, but may
also support a weight of the bedframe 300. The bedframe
300 may be coupled to an inside or inner surface of the
guard frame 60 as one body, and at least a portion of the
bedframe 300 may be bendable or tiltable while remain-
ing secured to the guard frame 60. Here, the guard frame
60 may be more like a typical bedframe, while the bed-
frame 300 may primarily be a mattress mover, and could
optionally be part of a mattress set.
[0210] The bed 10a may further include a plurality of
legs 70 coupled to the corners of the guard frame 60. A
bottom surface of the guard frame 60 may be spaced
apart from the installation surface by a length of the leg
70, so that a link 3210, 3220 to be described later may
be prevented from contacting the installation surface.
[0211] A height of the leg 70 may be designed so that
components of the bedframe 300 do not contact the in-
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stallation surface during an operation of the bedframe
300.
[0212] The leg 70 may be omitted if the bedframe 300
and the drying module 500 are designed do not touch
the installation surface during an operation. For example,
the guard frame 60 may contact the installation surface,
and the bedframe 300 may be coupled to a middle or
upper portion of the guide frame 60 at a position such
that the bedframe 300 does not contact the installation
surface during an operation.
[0213] Referring to Figures 34-35, since the cushion
module 20 may have a same or similar structure as the
cushion module 20 described with reference to Figures
1-32, a repetitive description of the cushion module 20
will be omitted. The guard frame 60 may include a head
frame or head 62, a toe frame or foot 63 opposite to the
head frame 62, and a pair of side frames 61 extending
between the head frame 62 and the toe frame 63. The
head frame 62 may be provided at an edge of the cushion
module 20 adjacent to the user’s head when the user lies
down. In addition, the toe frame 63 may be provided at
an edge of the cushion module 20 adjacent to the user’s
foot.
[0214] The guard frame 60 may further include four
connectors or brackets 64 provided at corners, respec-
tively, where the head, toe, and side frames 62, 63, and
61 meet. The connector 64 may bend or curve by 90
degrees, and adjacent, perpendicular ends of the head,
toe, and side frames 62, 63, and 61 may be coupled to
ends of the same connector 64. The head, toe, and side
frames 62, 63, and 61 may be connected via the four
connectors 64 to form a single guard frame 60.
[0215] Four edge plates 65 may be provided at a lower
edge of the guard frame 60 inside the four corners, re-
spectively, to couple to the legs 70, and a fixing bracket
66 may be provided at each edge plate 65. Two support
plates 67 may be provided at an inner side of a lower end
of the head frame 62 and the toe frame 63, respectively,
and left and right ends of the support plates 67 may be
supported by the fixing brackets 66. The fixing bracket
66 may have an n-shape so that both ends of the support
plate 67 are fitted to or within the fixing bracket 66.
[0216] Bottom surfaces of the front and rear ends (i.e.,
the head and foot) of the bedframe 300 may be placed
on the support plate 67 to prevent sagging or drooping.
Centers of left and right sides of the bedframe 300 may
be fixed to the side frame 61 by a fixing block 3310 to be
described later with reference to Figures 36-37. A fas-
tening hole 611 may be formed in a central portion of the
side frame 61 so that a fastening member (e.g. screw or
bolt) described later may couple the side frame 61 and
the fixing block 3310. A link drive shaft connection end
612 may extend or protrude downward at a lower end of
the side frame 61. A link drive shaft 3150 to be described
later may be rotatably connected to the link drive shaft
connection end 612.
[0217] A topper guard or frame 68 may extend or pro-
trude upward at an upper end of the toe frame 63 to pre-

vent the topper 12 from sliding down while the bedframe
300 is tilted. The topper guard 68 may be formed inte-
grally with the toe frame 63, or alternatively may be
formed separately and later combined with the toe frame
63.
[0218] The drying module 500 may be provided under
the cushion module 20 and fixed to the bedframe 300. A
part of the drying module 500 may be tilted together with
the bedframe 300.
[0219] Referring to Figures 36 and 37, the bedframe
300 may include a motion generator 3100, a motion link
3200, and a seating frame 3300. The seating frame 3300
may provide a surface on which the cushion module 20
is placed, and the seating frame 3300 may be bent and
tilted by a driving force supplied from the motion gener-
ator 3100. The seating frame 3300 may include a pair of
fixing blocks 3310, an upper body frame 3320, a lower
body frame 3330, a cushion seating plate or bar 3340,
and a fixing bar 3350.
[0220] The pair of fixing blocks 3310 may be fixed to
inner surfaces of the pair of side frames 61 of the guard
frame 60 to face each other. A fastening member (e.g.,
a screw or bolt) may pass through the fastening hole 611
formed in the side frame 61 and be inserted into the fixing
block 3310. The pair of fixing blocks 3310 may be located
at a central point of the side plate 61, but embodiments
disclosed herein are not limited.
[0221] A rear end of the upper body frame 3320 and a
front end of the lower body frame 3330 may be rotatably
coupled to the fixing block 3310. The upper body frame
3320 may include a pair of rear frames 3321 having rear
ends rotatably coupled to the pair of fixing blocks 3310,
respectively, and a pair of front frames 3322 rotatably
coupled to the front ends of the rear frames 3321, re-
spectively. Each of the pair of rear frames 3321 and the
pair of front frames 3322 may be parallel to each other.
[0222] The lower body frame 3330, like the upper body
frame 3320, may have a pair of front frames 3331 rotat-
ably coupled to the pair of fixing blocks 3310 and a pair
of rear frames 3332 rotatably coupled to rear ends of the
front frames 3331, respectively. The cushion seating
plate 3340 may connect frames among the front and rear
frames 3322, 3331, 3321, and 3332 that are provided
parallel to each other.
[0223] The seating frame 3300 may be defined as a
structure including a plurality of parallel cushion seating
plates 3340 connected to each other to resemble a slat-
ted bed frame. With respect to the upper body frame
3320, the front frame 3322 may be or include a pair of
parallel straight bars, and at least one seating plate 3340
may connect the pair of parallel straight bars of the front
frame 3322. The rear frame 3321 may be or include a
pair of parallel straight bars, and at least one seating
plate 3340 may connect the pair of parallel straight bars
of the rear frame 3321. Similarly, with respect to the lower
body frame 3330, the front frame 3331 may be or include
a pair of parallel straight bars, and at least one cushion
seating plate 3340 may connect the pair of parallel
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straight bars of the front frame 3331. The rear frame 3332
may be or include a pair of parallel straight bars, and at
least one cushion seating plate 3340 may connect the
pair of parallel straight bars of the rear frame 3332. A
coupling between the cushion seating plates 3240 and
the bars may be optionally rotatable at tilting axes. Fur-
thermore, at lease one cushion seating plate 3340 may
be coupled (e.g., rotatably coupled) to the fixing block
3310.
[0224] Similar to how the seating frame 39 described
with reference to Figures 1-32 is divided into sections
that move or pivot relative to each other (upper body
frame 31, the hip frame 32, the thigh frame 33, and the
calf frame 34), the seating frame 3300 may be divided
into sections that move or pivot relative to each other,
the sections being defined by the pair of front frames
3322 of the upper body frame 3320 and the cushion seat-
ing plates 3340 therebetween, the pair of rear frames
3321 of the upper body frame 3320 and the cushion seat-
ing plates 3340 therebetween, the pair of front frames
3331 of the lower body frame 3330 and the cushion seat-
ing plates 3340 therebetween, and the pair of rear frames
3332 of the lower body frame 3330 and the cushion seat-
ing plates 3340 therebetween.
[0225] Left and right ends of the fixing bar 3350 may
connect bottom surfaces of the pair of fixing blocks 3310,
respectively, so as to reduce or prevent sagging of the
bedframe 300. In addition, a transmission or transmitter
3110 of the motion generator 3100 may be coupled to
the fixing bar 3350. The transmission 3110 will be de-
scribed in more detail later.
[0226] An upper link connection end or front bracket
3323 may be provided on a bottom surface of the pair of
front frames 3322 of the upper body frame 3320. A lower
link connection end or rear bracket 3333 may be provided
on a bottom surface of the pair of rear frames 3322 of
the lower body frame 3330, respectively.
[0227] The motion generator 3100 may tilt or pivot the
various sections of the seating frame 3300 via the motion
link 3200. The motion generator 3100 may include one
transmission 3110 and a link drive shaft 3150 penetrating
the transmission. Both ends of the link drive shaft 3150
may connect to the link drive shaft connection end 612,
respectively.
[0228] The link drive shaft 3150 may be a pair of shafts
coupled to the transmission 3110. The pair of shafts of
the link drive shaft 3150 may include a front shaft 3150A
passing through a front end of the transmission 3110 and
a rear shaft 3150B passing through a rear end of the
transmission 3110.
[0229] A mounting groove or recess may be formed on
an inner surface of the link driving shaft connecting end
612, and an end of the link driving shaft 3150 may be
fitted into the mounting groove. Alternatively, the mount-
ing groove may be a hole. Further, a plurality of ball bear-
ings may be arranged on an inner circumferential surface
of the mounting groove so that frictional force may be
reduced when the link drive shaft 3150 rotates. Since

both ends of the link drive shafts 3150 may be connected
to the link drive shaft connection end 612, a load of the
motion generator 3100 and the motion link 3200 may be
supported by the guard frame 60.
[0230] The motion link 3200 may include a pair of front
links 3210 connected to both ends of the front shaft of
3150A, and a pair of rear links 3220 connected to both
ends of the rear shaft 3150B. The front link 3210 may
have a two-fold link structure via a moveable link 3213
and a fixing link 3212, while the rear link 3220 may have
a multi-fold link structure via an arm link 3222, a fixing
link 3223, a moveable link 3225, and a connection link
3224.
[0231] The front link 3210 may include a rear bracket
3211 extending downward from the font shaft 3150A. The
fixed link 3212 may extend from an end of the bracket
3211, and the movable link 3213 may be rotatably con-
nected to a rear end of the fixing link 3212. A front end
of the movable link 3213 may be connected (either fixedly
or rotatably) to the front bracket 3323. The front bracket
3323 may be formed to be parallel to the front frame 3322
of the upper body frame 3320, while the rear bracket
3211 may extend downward.
[0232] A rear end of the fixing link 3212 may be fixed
to a bottom end the bracket 3211, and the front shaft
3150A, the bracket 3211, and the fixing link 3212 may
rotate as one body. When the front shaft 3150A rotates,
the bracket 3211 and fixing link 3212 may rotate with the
front shaft 3150A, while the moveable link 3213 may ro-
tate or pivot with respect to the fixing link 3212. Figure
41 shows a state in which the front shaft 3150A has been
rotated to tilt the bracket 3211 and fixing link 3212.
[0233] The rear link 3220 may include a front bracket
3221 extending downward from the rear shaft 3150B.
The arm link 3222 may extend from the rear shaft 3150
in a direction perpendicular to a downward extension di-
rection of the front bracket 3221. The fixed link 3223 may
have a front end rotatably connected to a rear end of the
front bracket 3221. The connection link 3224 may have
a front end rotatably connected to a rear end of the fixing
link 3223. The rear end of the connection link 3224 may
be rotatably connected to a front end of the movable link
3225. The front bracket 3221 and the arm link 3222 may
be formed of a single member that is bent in an L-shape,
but embodiments disclosed herein are not limited. The
rear shaft 3150B may pass through the bracket 3221 to
be fixed.
[0234] The arm link 3222 may include an arm link body
horizontally extending from the rear shaft 3150B, and a
circular slider may be formed at a rear end of the arm
link body. A diameter of the slider may be larger than a
width of the arm link body so that an upper surface of the
slider of the arm link 3222 may contact the lower surface
of the rear frame 3332 of the lower body frame 3330.
[0235] An upper surface of the slider may slide along
a bottom surface of the rear frame 3332 while maintaining
contact so that when the rear shaft 3150B rotates, the
rear frame 3332 of the lower body frame 3330 may move
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or pivot relative to the front frame 3331 of the lower body
frame 3330. The rear end of the movable link 3225 may
be rotatably connected to the rear bracket 3333. The rear
bracket 3333 of the rear link 3220 may have a similar
structure as the front bracket 3323 of the front link 3210.
The rear shaft 3150B, the front bracket 3221, and the
arm link 3222 may rotate together as one body.
[0236] As previously described, the front link 3210 may
have a two-fold link structure via the moveable link 3213
and the fixing link 3212, and the rear link 3220 may have
a multi-fold link structure via the arm link 3222, fixing link
3223, moveable link 3225, and connection link 3224. Al-
though the rear link 3220 is shown to be a four-fold link,
embodiments disclosed herein are not limited in a
number of links comprising the front and rear links 3210
and 3220.
[0237] Referring to Figures 38 and 39, the motion gen-
erator 3100 may generate a driving force via the trans-
mission 3110 to rotate the front and rear shafts 3150A
and 3150B of the link drive shaft 3150, which may be
connected to the transmission 3110. The transmission
3110 may include a gear box or container 3111 and front
and rear transmission assemblies 3110A and 3110B pro-
vided inside of the gear box 31110 and corresponding to
the front and rear shafts 3150A and 3150B, respectively.
Each transmission assembly 3110A, 3110B may include
a motor 3120, a tilting gear 3130 connected to a rotation
shaft 3121 of the motor 3120, and a reduction gear 3140
meshed with or configured to engage with the tilting gear
3130.
[0238] Each of the front and rear shafts 3150A and
3150B may penetrate the gear box 3110 and rotate while
being meshed or engaged with the reduction gear 3140.
The two transmission assemblies 3110A and 3110B may
independently drive a rotation of the front and rear shafts
3150A and 3150B, respectively, so that the upper body
frame 3320 and the lower body frame 3330 may be ad-
justed independently of each other.
[0239] Various types of structures may be implement-
ed as the transmission 3110, and embodiments dis-
closed herein are not limited to the front and rear trans-
mission assemblies 3110A and 3110B described. Em-
bodiments disclose herein may include all types of trans-
missions 3110 in which power is generated from a gear-
box 3110 and transmitted to a link drive shaft 3150.
[0240] Referring to FIGS. 40 and 41, when power is
supplied to the motion generator 3100 and the motor
3120 is operated, the link driving shaft 3150 may rotate.
When the front shaft 3150A rotates, the front link 3210
may rotate to tilt the upper body frame 3320 by a prede-
termined angle, and when the rear shaft 3150B rotates,
the rear link 3220 may rotate to tilt the lower body frame
3330 by a predetermined angle.
[0241] The fixed link 3212 of the front link 3210 may
be fixed to the rear bracket 3211, while an end of the
movable link 3213 may maintain a connection to the front
frame 3322 via the front bracket 3323. When the motor
3120 in the front transmission assembly 3110A is oper-

ated, the front shaft 3110A rotates, and the front link 3210
rotates to tilt both the front and rear frames 3322 and
3321 of the upper body frame 3320 upward by a prede-
termined angle.
[0242] When the motor 3120 in the rear transmission
assembly 3110B is operated, the rear shaft 3110B ro-
tates, and the front bracket 3221 and the arm link 3222
may rotate as one body. The rear frame 3332 of the lower
body frame 3320 may be lifted as the arm link 3222 ro-
tates upward. As the arm link 3222 and the front bracket
3221 rotate, the fixed link 3223 may be pushed forward,
and a rear end of the rear frame 3332 may be supported
via the rear link 3333 and the moveable link 3225. In
addition, the rear end of the front frame 3331 may be
rotated as the lower frame 3332 rises, resulting in a state
as shown in FIG. 41.
[0243] As the arm link 3222 rotates by a rotation of the
rear shaft 3150B, the arm link 3222 may slide along the
bottom surface of the lower frame 3322. Without the
moveable link 3225 and rear bracket 3333, the rear end
of the rear frame 3332 may sag downward.
[0244] As the upper body frame 3320 and/or the lower
body frame 3330 are tilted, a space or gap may form
between the upper body frame 3320 and the guard frame
60 and/or between the lower body frame 3330 and the
guard frame 60. Foreign substances may be introduced
into or under the bed 10a through the gap, and body parts
may be caught and injured in the gap.
[0245] In order to prevent such problems, at least one
blocking film or layer 75, 77 may be provided. The block-
ing film 75, 77 may include an upper or front blocking film
75 connecting the upper body frame 3320 and the guard
frame 60, and a lower or rear blocking film 77 connecting
the lower body frame 3330 and the guard frame 60 can
do. The front and rear blocking films 75 and 77 may al-
ternatively be referred to as cover sheets or blocking
sheets.
[0246] The front and rear blocking films 75 and 77 may
be formed of a soft or elastic cloth, sheet, or band, a
folded or wrinkled cloth, a material having an accordion
bellow or spring shape, etc. Embodiments disclosed
herein are not limited to a material of the front and rear
blocking films 75 and 77.
[0247] Referring to FIG. 42, the cushion module 20
may be an assembly of a plurality of firmness adjusters
M1, and each of the firmness adjusters M1 may include
a cushion case 21 and a plurality of cushions C provided
in the cushion case 21. The cushion case 21 may include
an upper or outer case 22 and a bottom or inner case
23. When the bottom case 23 is coupled to the cushion
seating plate 3340, the cushion module 20 may constitute
one section of the bedframe 300. In addition, the topper
12 may be detachable from the cushion module 20.
[0248] A plurality of fastening bosses 236 may be
formed on the bottom surface of the bottom case 23 to
be spaced apart by predetermined intervals. In addition,
a plurality of fastening holes 3241 may be formed in the
cushion seating plate 3340.
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[0249] A fastening member S (e.g., screw or bolt) may
pass through the fastening hole 3241 and be inserted
into the fastening boss 236. The cushion case 21 may
be fixed to the cushion seating plate 3340 by the fastening
member S. As an alternative, the fastening boss 236 may
be omitted, and an inner surface of the fastening hole
3341 may have threads. Embodiments disclosed herein
are not limited.
[0250] Referring to Figures 43 and 44, the drying mod-
ule 500 may include a fan 5300, a filter 5100 provided at
an inlet of the fan 5300, a supply duct 5200 connected
to an outlet of the fan 5300, a branch duct 5400 extending
from a side of the supply duct 5200, and a discharge duct
5500 connected to an outlet of the branch duct 5400.
[0251] Unlike the suction duct 52 described with refer-
ence to Figures 1-32, a suction duct may be omitted in
the bed 10a, as the drying module 500 may be separated
from the installation surface by the legs 70 so that flow
resistance may be low when suctioning air. However,
when the leg 70 is excluded, a suction duct may be con-
nected to the inlet of the fan 5300. In this alternative case,
the filter 5100 may be mounted at an inlet end of the
suction duct.
[0252] The fan 5300 may be installed as far as possible
from the user’s ear to reduce inconvenience and noise
reaching the user. For example, the fan 5300 may be
provided at a point adjacent to the toe frame 63 of the
guard frame 60. The supply duct 5200 may extend in a
longitudinal direction of the bed 10a from the outlet of the
fan 5300 and along a center of the bottom of the bed 10a.
[0253] Similar to the supply duct 54 described with ref-
erence to Figures 1-32, the supply duct 5200 may include
a hard duct 5210 and a soft or flexible duct 5220. The
supply duct 5200 may be fixed to the bedframe 300 so
as to move with a motion of the bedframe 300.
[0254] The branch duct 5400 may extend in a width
direction of the bed 10a from left and right sides of the
supply duct 5200. The branch duct 5400 may have an
end that is convexly bent or curved, and an upper surface
of the curved end may be opened to form the outlet of
the branch duct 5400.
[0255] The outlet of the branch duct 5400 may be con-
nected to a center of a bottom of the discharge duct 5500.
A discharge port or slit 5510 may be formed in a slit shape
at a center of the bottom of the discharge duct 5500. Like
the discharge duct 55 described with reference to Figures
1-32, an upper surface of the discharge duct 5500 may
be opened so air discharged from the discharge port 5510
may collide with a bottom surface of the partition 40.
[0256] The discharge duct 5500 may have a predeter-
mined width, which may correspond to a width of an upper
side of the branch duct 5400 and/or a width of the partition
40, but embodiments disclosed herein are not limited.
The discharge duct 5500 may extend in a direction par-
allel to the branch duct 5400.
[0257] As shown in 44, the partition 40 may be formed
of a body 41, fins 43, and a plurality of ventilation holes
44 formed in the body 41. The plurality of ventilation holes

44 may be formed to be directly above the discharge
ducts 5500 so that air discharged from the discharge duct
5500 may pass through the ventilation hole 44 to the
topper 12.
[0258] Due to structural characteristics of the cushion
module 20, when the discharge duct 5500 is placed under
the cushion case 21, the air discharged from the dis-
charge duct 5500 may spread to the side and the topper
12, and an amount of air reaching the topper 12 may be
significantly reduced. By aligning the discharge duct
5500 with the plurality of ventilation holes 44, most of the
air discharged from the discharge duct 550 may pass
through the partition 40 to a bottom of the topper 12. Air
that does not pass through the partition 40 may spread
to the side of the topper 12 or be guided to the topper 12
through gaps formed between the firmness adjusters M1.
As an alternative, a button of the cushion case 21 may
be formed with hole to allow air to pass through between
the cushion.
[0259] Referring to Figures 45 to 48, a bed 10b accord-
ing to a third embodiment may have a cushion module
20 separable from the bedframe 300. A topper 12 and
the cushion module 20 may be held together by a bed-
sheet 11 (e.g., a fitted or elastic sheet or a mattress pro-
tector) to form a mattress set MS.
[0260] The bed 10b may include a guard frame 60 and
a bedframe 300 coupled to the guard frame 60. The mat-
tress set MS may be detachably seated in the bedframe
300. According to design conditions, the bed 10b may
optionally include a plurality of legs 70 extending from
the lower four corners of the guard frame 60.
[0261] The guard frame 60, the bedframe 300, and the
drying module 500 coupled to the bedframe 300 may be
similar to the bed 10a described with reference to Figures
33-44. Accordingly, redundant descriptions of these con-
figurations are omitted, and the contents described in the
second embodiment are applied mutatis mutandis.
[0262] The mattress set MS may include a mattress
(i.e., the cushion module 20 and the topper 12) and a
seat plate 80 on which the mattress is placed. The mat-
tress set MS may be interpreted as further including the
bed cover 11 surrounding the mattress and the module
seating plate 80.
[0263] According to design conditions, the mattress set
MS may further include a safe guard 13 surrounding side
surfaces of the cushion module 20 and the seat plate 80.
Since the safe guard 13 has already been described
when describing the bed 10 according to the first embod-
iment with reference to Figures 1-32, redundant descrip-
tions will be omitted. The cushion module 20 may include
a plurality of firmness adjusters M1 and a plurality of par-
titions 40 provided between the plurality of firmness ad-
justers M1 as described above.
[0264] Referring to Figures 49 to 51, the plurality of
firmness adjusters M1 (FIG. 48) may be fixed to an upper
surface of the seat plate 80. The seat plate 80 may have
a plate structure formed by a plurality of plates 810, 820,
830, 840 that are hinged or rotatably coupled to each
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other, the plurality of plates 810, 820, 830, 840 corre-
sponding to sections of the bed frame 300 configured to
be adjustable. The seat plate 80 may include an upper
body plate 81 and a lower body plate 82, which may be
provided on the upper body frame 3330 and lower body
frame 3320 (Figures 33-44), respectively.
[0265] The upper body plate 81 may include a front
plate 810 and a rear plate 820 rotatably connected to the
front plate 810. The front plate 810 may be provided on
a section of the upper body frame 3320 having the front
frame 3322, and the rear plate 820 may be provided on
a section of the upper body frame 3320 having the rear
frame 3321 (see also FIG. 54).
[0266] The lower body plate 82 may include a front
plate 830 and a rear plate 840 rotatably connected to the
front plate 830. The front plate 830 may be provided on
a section of the lower body frame 3330 having the front
frame 3331, and the rear plate 840 may be provided on
a section of the lower body frame 3330 having the rear
frame 3332 (FIG. 54).
[0267] A plurality of fastening holes 811, 821, 831 and
841 may be formed in each of the plates 810, 820, 830,
and 840, respectively. When the plurality of firmness ad-
justers M1 are seated on the seat plate 80, a plurality of
fastening members (e.g., bolts or screws) may penetrate
the fastening holes 811, 821, 831, 841 and the firmness
adjusters M1. As an example, the structure described in
FIG. 42 may be applied. A fastening boss may extend
from the bottom surface of the bottom case 23 to be in-
serted into the fastening holes 811, 821, 831, 841, and
the fastening members may be inserted into the fastening
boss and holes 811, 821, 831, 841. The plates 810, 820,
830, and 840 may optionally include a plurality of holes
through which air discharged from the dying module 50
may flow, depending on a configuration of the drying
module 50.
[0268] As shown in FIGS. 50 and 51, adjacent plates
among the plates 810, 820, 830, and 840 may be con-
nected by one or more joint plates 85 and a plurality of
joint hinges 86. A plurality of extension ends or protru-
sions 832, 842 may protrude from each of the ends of
the plates 810, 820, 830, and 840. The plurality of exten-
sion ends 832, 842 may be spaced apart from each other
at a predetermined interval in a width direction of the seat
plate 80. The joint plates 85 may have a plurality of ex-
tension ends 851 which extend past the joint hinge 86,
and the plurality of extension ends 851 may be configured
to fit within or be engaged with the plurality of extension
ends 832, 842 of the plates 810, 820, 830, and 840.
[0269] The plurality of extension ends 851, 821, and
842 may have teeth that engage or mesh with each other
like gears. The plurality of extensions ends 851, 832, and
842 may be formed to have a plurality of protrusions and
recesses. The plurality of extensions ends 851 may fit
with the plurality of extension ends 832, 842 like pieces
to a puzzle, as the protrusions of the extension ends 851
may fit within the recesses formed in the extension ends
832, 842.

[0270] The joint hinge 86 may pass through the exten-
sion ends 832, 842, 851 so that two abutting plates of
the plates 810, 820, 830, and 840 may rotate or pivot
relative to each other. When two plates of the plates 810,
820, 830, and 840 are directly connected by one joint
hinge 86, a degree of freedom of bending of the plates
810, 820, 830, and 840 may be low. A bending degree
of freedom of the plates 810, 820, 830, and 840 may be
defined as a radius of curvature of a curve (as shown by
the dotted line in FIG. 51). A high degree of bending free-
dom may correspond to a large a radius of curvature.
The higher the degree of bending freedom, the smoother
the plates 810, 820, 830, and 840 may appear when bent.
When the joint plate 85 is provided, the degree of bending
freedom may be increased. As a number of joint plates
85 increases, the degree of bending freedom may in-
crease. The figures show three joint plates 85 between
two adjacent plates (in Figures 50-51, between front and
rear plates 830 and 840 of the lower body plate 82), but
embodiments disclosed herein are not limited to a
number of joint plates 85, and an appropriate number
may be selected according to a desired tilting angle or
degree of bending freedom.
[0271] A plurality of grooves of the extension ends 851
may engage with the plurality of extension ends 832 and
842 protruding from the side surfaces of the plates 810,
820, 830, and 840. The extension ends 851 may be
formed at both front and rear ends or sides of the joint
plate 85. Accordingly, the joint plate 85 and a side surface
or end of a plate among the plates 810, 820, 830, and
840 may be meshed with each other. The joint hinge 86
may be a cylindrical rod passing through the grooves of
the extension ends 832, 842, and 851. The joint hinge
86 may be a rotation axis between a joint plate 85 and
an adjacent plate 810, 820, 830, and/or 840.
[0272] A portion where two adjacent plates are con-
nected by one or more joint plates 85 may be defined as
a joint bending portion. The joint bending portion may be
a section including a plurality of joint plates 85 (e.g., three)
and a plurality of joint hinges 86 (e.g., four) coupling the
plurality of joint plates 85 to two adjacent plates 810, 820,
830, and/or 840.
[0273] Referring to Figures 52 and 53, a bottom of the
bed cover 11 may be formed with a plurality of guide or
air holes 111 so that air supplied from the drying module
500 may be guided toward the topper 12. The plurality
of guide holes 111 may align with joint bending portions
in the seat plate 80 and/or the discharge ducts 550. A
number of guide holes 111 may correspond to a number
of discharge ducts 550.
[0274] When the mattress set MS is seated on the bed-
frame 300, the guide hole 111 and the discharge duct
550 may be aligned in a vertical direction so that the air
discharged from the discharge duct 550 may be supplied
into the mattress set MS through the guide hole 111. Air
discharged from the discharge duct 550 may rise through
gaps formed in the joint bending portion and may be guid-
ed to the partition 40. As shown in FIG. 44, when a plu-
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rality of ventilation holes 44 are formed in the partition
40, air may be easily transferred to the topper 12.
[0275] The fan 5300 may be provided under the user’s
feet when the user is lying down so that a disruption of
noise from the fan 5300 during sleep may be reduced. A
distance from an inner surface of the head frame 62 to
an inner surface of the toe frame 63 may be designed to
be longer than a length of the mattress set SM. While the
mattress set SM is placed on the bedframe 300, an upper
end of the toe frame 63 may be higher than a bottom of
the mattress set SM. When the upper body frame 3320
is tilted upward, a rear end of the mattress set MS may
be caught by the toe frame 63 and prevented from slip-
ping downward.
[0276] As previously described, a stopper guard 68
may protrude from the upper end of the toe frame 63 to
further prevent slipping. In addition, when the legs 70 are
included, the dryer module 5000 may not require a suc-
tion duct, and air may be suctioned directly into the fan
5300.
[0277] Referring to FIG. 54, as previously described,
an upper blocking film or layer 75 and a lower blocking
film or layer 77 may cover gaps during an operation of
the seating frame 3300. A part of the supply duct 5200
fixed to the upper body frame 3320 and/or the lower frame
3330 may be made of a hard duct 5210, and a part of
the supply duct 5200 provided under the joint bending
portions may be made of a soft or flexible duct 5220.
[0278] Referring to Figures 55 and 56, at least one buff-
er plate 700 may be provided on top of the cushion mod-
ule 20 to prevent or reduce discomfort from a back or
waist pressing against the cushions C while the topper
12 is compressed. For example, there may be one buffer
plate 700 that covers two adjacent firmness adjusters
M1, as shown in FIG. 55, which may correspond to a
section of the seating frame 3300 (e.g., a section above
the upper body frame 3200, or a section above the front
frames 332 2) However, embodiments disclosed herein
are not limited with respect to an arrangement of the buff-
er plate 700 and firmness adjusters M1.
[0279] The topper 12 may be a memory foam material
that is pressed flat by a vertical load and then returns or
decompresses to an initial or original state when the load
is removed. When a thickness of the topper 12 is too thin
or the user’s weight exceeds average, an amount of com-
pression of the topper 12 may be large, and an upper
surface of the cushion C, which includes outer and inner
springs 93 and 94, may press against the user’s back or
waist, resulting in discomfort. Since there may be gaps
between the plurality of cushions C, when lying down for
a long time, the user’s back or waist may be stiffened by
the cushions C, causing discomfort.
[0280] In order to prevent such discomfort, the buffer
plate 700 may be interposed between the topper 12 and
the cushions C. The buffer plate 700 may be provided
over firmness adjusters M1 of one row.
[0281] A length of the buffer plate 700 may correspond
to the width of the topper 12, and a width of the buffer

plate 700 may correspond to the width of the firmness
adjuster M1. The width of the buffer plate 700 may mean
the shorter side, while the length may mean the longer
side. The buffer plates 700 may be arranged to reduce
spaced or a height difference between cushions C, which
may cause discomfort, while still allowing firmness ad-
justment of the firmness modules M1.
[0282] The buffer plate 700 may include a buffer body
710 having a predetermined thickness, width, and length,
and a plurality of cushion receiving grooves or recesses
711 formed on the bottom surface of the buffer body 710.
The buffer body 710 may have a rectangular shape with
rounded corners, but embodiments disclosed herein are
not limited.
[0283] Upper ends of the cushions C may be inserted
into the plurality of cushion receiving grooves 711, which
may provide added security to an arrangement of cush-
ions C. Even if a portion of the mattress set SM is tilted
by the bedframe 300, collisions between adjacent cush-
ions C may be reduced or prevented by the cushion re-
ceiving grooves 711. The cushion receiving groove 711
may be similar to the cushion receiving groove or recess
123 described in FIGS. 5 and 6.
[0284] Hereinafter, a description of automatically ad-
justing the firmness of the bed by monitoring a sleeping
position of the user will be described according to an
embodiment. Such a method may be applicable to the
beds 10, 10a, 10b described with reference to Figures
1-56.
[0285] Referring to FIGS. 57 and 58, the beds 10, 10a,
and 10b according to an embodiment may further include
a body pressure sensing sheet PA configured to sense
a pressure at particular regions or sections. The top sheet
11 may be implemented as the body pressure sensing
sheet PA, or the body pressure sensing sheet PA may
be an additional sheet provided above or below the top
sheet 11. Embodiments disclosed herein are not limited.
[0286] The body pressure sensing sheet PA may in-
clude a fibrous pressure sensor that is thin and has high
flexibility. The body pressure sensing sheet PA may feel
like cloth. The body pressure sensing sheet PA may in-
clude a first layer having a plurality of first electrode lines
arranged in a first (e.g., horizontal) direction, a second
layer having a plurality of second electrode lines ar-
ranged in a second (e.g., vertical) direction, and an in-
termediate later provided between the first and second
layers to reduce or prevent direct contact between the
first and second electrode lines. The intermediate layer
may include a conductive fabric whose resistance value
may be changed by vertical pressure. Points where the
first electrode line and the second electrode line intersect
may be pressure measurement points.
[0287] Embodiments disclosed here are not limited to
measuring pressure via the intersecting first and second
electrode lines described above. The body pressure de-
tection sheet PA may have various structures and/or in-
clude various types of fibrous body pressure detection
sensors (e.g., weight or tension sensors) capable of
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measuring a body pressure or weight of the user.
[0288] A body pressure distribution may be sensed us-
ing the fiber-type body pressure sensor of the body pres-
sure detection sheet PA, and based on a collective result
of multiple measures at the pressure measurement
points, different pressures in different sections of the bed
that correspond to different firmness adjusters M1 may
be sensed. A corresponding firmness adjuster M1 may
be independently controlled based on a desired firmness
and sensed pressure above the corresponding firmness
adjuster M1. The body pressure sensing sheet PA may
be attached to the top surface of the topper 12 or may
be alternatively embedded in the topper 12.
[0289] A control box may be mounted on one side of
the guard frame 60, and a microcomputer or a controller
may be installed inside the control box. A body pressure
value measured by the body pressure detection sheet
PA may be transmitted to the controller, and the controller
may process collected body pressure data through sam-
pling and filtering processes.
[0290] The controller may create an image represent-
ing a distribution of body pressure for each body area of
the user based on the processed data and output the
image to a display. The display may be provided in the
guard frame 60, remote controller, or may be a separate
screen pad. Alternatively or in addition thereto, the image
may be accessible via a mobile or web application that
communicates with the controller, which may have a
communication module (e.g., a WiFi or Bluetooth mod-
ule). The body pressure distribution image as shown in
FIGS. 57 and 58 may be displayed on the display. The
display may be connected (e.g., wired or wirelessly via
WiFi or Bluetooth) to the controller.
[0291] As shown in FIGS. 57 and 58, weight may be
concentrated to specific parts P1 to P5 of the body ac-
cording to a user’s lying position. Body pressure may
increase where weight is concentrated, so the body pres-
sure detection sheet PA may sense relatively high pres-
sure values at parts or sections P1 to P5. The controller
may increase the firmness by operating corresponding
firmness adjusters M1 that support a body part where
body weight is concentrated and body pressure increas-
es.
[0292] Hereinafter, a method of automatically or man-
ually adjusting the firmness at an area where weight is
concentrated will be described in detail through the flow-
chart of FIG. 59. During firmness control according to a
first embodiment, the controller may automatically adjust
firmness of the bed so that the bed may have a uniform
firmness. The automatic control may be based on the
body pressure distribution data transmitted from the body
pressure detection sheet PA described above. However,
embodiments disclosed herein are not limited. For ex-
ample, the firmness of the bed may be adjusted so that
a left side corresponding to a left user has a first uniform
firmness, and the firmness of the bed at a right side cor-
responding to a right user may be adjusted to have a
second uniform firmness. In other embodiments, the user

may be able to select via a user interface (e.g., provided
on the display and/or the guard 60) predetermined firm-
ness levels for each region of the bed that corresponds
to a firmness adjuster M1.
[0293] Referring to FIG. 59, first, the user may turn on
the bed to supply power to the bed 10, 10a, or 10b (S110).
The user may lie on the bed 10, 10a, or 10b before or
after turning the bed 10, 10a, or 10b on. For example,
the user may be able turn the bed 10, 10a, or 10b on via
a remote control or a button on an inner surface of the
head frame 62.
[0294] When the bed 10, 10a, or 10b is turned on, the
motion controller 30 or 300 may be turned on, along with
the body pressure sensing sheet PA and a body pressure
regulator or controller 800 to be described later. The body
pressure regulator 800 may be a user interface (e.g.,
remote control, mobile or web application) through which
the user may select desired firmness levels. The control-
ler may also be turned on.
[0295] The user may select an "automatic mode" by
operating the body pressure regulator 800 (S120). For
convenience of description, the body pressure regulator
800 will be described as a remote controller (shown in
FIG. 60) that is wirelessly connected to the controller
(e.g., via Bluetooth or WiFi). One of ordinary skill in the
art will know that the controller may include a microcom-
puter and/or processer mounted on a printed circuit board
(PCB) provided in the control box.
[0296] Referring quickly to FIG. 60, the body pressure
regulator 800 may include a main body 8100, a power
button 8200 provided on the front side of the main body
8100, and a display 8300 provided on the front side of
the main body 8100. The body pressure regulator 800
may be provided with a plurality of mechanical input but-
tons below the display 8300 and/or or a plurality of touch
input buttons on the display 8300. The power button may
be a mechanical button that the user must press with a
certain amount of force. Embodiments disclosed herein
are not limited to an implementation of the power button
8200 or other buttons.
[0297] When the user presses the power button 8200,
the display 8300 may be activated, and the body pressure
regulator 800 and the controller may be wirelessly con-
nected or coupled to communicate (via, e.g., communi-
cation modules having WiFi or Bluetooth modules). The
display 8300 may display menu items or regions.
[0298] For example, while the display 8300 is activat-
ed, the user may operate a menu button 8310 to select
between the "automatic mode" and a "manual mode" dis-
played on different sides of the screen display 8300. The
body pressure regulator 800 may optionally include a
speaker or a light indicator.
[0299] The user may initiate the automatic mode by
touching a menu button 8310 provided below the auto-
matic mode display (e.g., the left button 8310), and an
automatic mode command may be transmitted to the
controller through a short-range wireless communication
module embedded in the control box. The short-range
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wireless communication module may include Wi-Fi,
Bluetooth, ZigBee, etc. Hereinafter, the controller provid-
ed in the control box of the bed will be referred to as a
main controller.
[0300] Referring back to FIG. 59, when the automatic
mode command is received by the main controller, the
main controller may transmit a body pressure detection
command to a controller of the body pressure detection
sheet PA. A body pressure scanning process of detecting
body pressure at a plurality of body pressure detection
points or areas formed on the body pressure detection
sheet PA may be performed (S130). The controller of the
body pressure sensing sheet PA may be referred to as
a sub controller. The body pressure scanning operation
may be performed repeatedly a predetermined number
of times within a predetermined time frame, and a plurality
of measurement data corresponding to a plurality of times
may be extracted for any given point.
[0301] The scan may be determined to be complete
when measurement data corresponding to a given point
is maintained in a predetermined range, indicating that
pressure or detection has stabilized at the given point.
Whether the body pressure has stabilized based on
sensed pressure values being inside the predetermined
range may be determined (S140) by the sub controller.
For example, when a person lying in bed turns, sensed
body pressure values may fluctuate in a very large range
outside of the predetermined range, and in this state, an
accurate body pressure value may not be obtained. In
this example, the sub controller may determine that the
body pressure is not stable ("No" after S140). If the body
pressure is detected a predetermined number of times
at a predetermined time interval and a variation of the
body pressure values determined number of times hether
thethe predetermined range, the sub controller may de-
termine that the body pressure scan process has been
normally performed and/or that the body pressure has
stabilized ("Yes" after S140).
[0302] If it is determined that the pressure has not sta-
bilized ("No" after S140), the sub controller may stop the
body pressure scan for a predetermined time and wait
(S141), and when a predetermined time elapses, the
body pressure scanning process (S130) may be resumed
or repeated. If it is determined that a fluctuation range of
the body pressure values , the body pressure scanning
prochin the predetermined range (ngetermined nge o, an
average value of the body pressure values ues , the body
pressure scanning prochin the 0) nge of a plurality of
body pressure values t must be maa certReferring quickly
to FIG. 61, when an automatic mode is selected and a
body pressure scan is started, information indicating that
a body pressure scan is currently in progress may be
output on the display 8300 of the body pressure regulator
800.
[0303] The information may be provided by any one of
text, image, sound, video, or a combination thereof.
[0304] Referring back to FIG. 59, once it is determined
that the body pressure scan has been completed be-

cause the pressure has stabilized ("Yes after S140), and
after the body pressure values at points are determined
based on an average of values, the controller may trans-
mit the determined body pressure values to the main sub
controller (S150). The main controller may extract body
pressure values for each body region by processing and
analyzing the body pressure values ned time are per-
formed at Icontroller (S160).
[0305] The main controller may generate a body pres-
sure distribution image using the extracted body pressure
values for each body region and transmit the body pres-
sure distribution image to the body pressure regulator
800. The transmitted body pressure distribution image
may be output on the display 8300 of the body pressure
regulator 800 (S170).
[0306] Referring to FIG. 62, a body pressure distribu-
tion image generated by the main controller may be ex-
pressed as a color or graded image. For example, a point
or area determined to have a relatively high pressure
value due to a concentration of body weight may have a
red color, and a point or area determined to have a rel-
atively low pressure value may have a blue color. Pres-
sure values in between may have colors in between red
and blue on the color spectrum. The main controller may
optionally normalize sensed pressures over time or
across the points or areas to determine which pressures
may be considered high for a user and which pressures
may be considered low, but embodiments disclosed
herein are not limited.
[0307] Referring to the dotted line portion of the body
pressure distribution image shown in FIG. 62, body pres-
sure may be detected high at the user’s head, shoulders,
and hips while the user is lying down. Referring back to
FIG. 59, the main controller may determine whether there
is an area where body pressure is concentrated com-
pared to other areas based on the extracted body pres-
sure data for each body area (S180).
[0308] When it is determined that there is an area in
which the body pressure value exceeds a predetermined
range or value ("Yes" after S180), the main controller
may operate the cushion module 20 to adjust (e.g., in-
crease) the firmness at the corresponding area (S181).
A range may be determined as a difference between a
highest determined pressure and a lowest determined
pressure among the areas, and if such a range is larger
than the predetermined range, the corresponding area
to be adjusted may correspond to the area having the
highest determined pressure. As an alternative example,
the predetermined range be a difference between a high-
est determined pressure and an average pressure
among the areas or points, and if such a range is larger
than the predetermined range, the corresponding area
to be adjusted may correspond to the area having the
highest determined pressure. In yet another example, if
a pressure value sensed in an area exceeds a predeter-
mined pressure, the firmness of such an area may be
adjusted. Embodiments disclosed herein are not limited.
[0309] Referring back to FIGS. 21 and 27, the main
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controller may generate a control signal to the motor 24
of the cushion module 20 so that the motor 24 rotates in
one direction. A rotational force of the motor 24 may be
transmitted to the drive gear 251 and the transmission
gear 990 so that the inner case 92 of the cushion C rises.
[0310] As the inner case 92 rises, the inner spring 94
also rises, thereby increasing the firmness of the cushion
C. As the firmness of the cushion C may increase, the
body pressure value sensed in the area above the cush-
ion C may decrease. During an adjustment process
(S181), pressure may be continuously sensed (e.g., in
short time increments), and when the sensed body pres-
sure value at the area decreases such that a determined
range (as described above) falls within the predeter-
mined range, the adjustment process S181 may stop.
When the body pressure adjustment in the area is com-
pleted through this method, a current firmness of the
cushion module 20 and/or the firmness adjuster M1 at
the corresponding area may be stored and maintained
in a memory of the main controller or controller (S190).
Alternatively or in addition thereto, a firmness adjuster
M1 may be controlled to lower the inner case 92 based
on a comparison between the sensed pressure and a
predetermined pressure or predetermined pressure
range.
[0311] Referring to FIG. 63, when the body pressure
adjustment is completed, a message indicating that the
body pressure adjustment is completed may be dis-
played on the display 8300 of the body pressure regulator
800. In addition, a message recommending that the user
touch or operate the manual mode button may be dis-
played if the body pressure control is to be manually re-
adjusted.
[0312] In a method of controlling the firmness of the
bed according to a second embodiment, the manual
mode may be selected after the automatic adjustment
method described above, or the manual mode may be
selected by the user at the beginning so that the user
may directly adjust the firmness of the bed.
[0313] Referring to FIG. 64, first, the power of the beds
10, 10a, and 10b may be turned on by the user (S210),
and the user may select the manual mode (S220). If the
user selects the manual mode right after the automatic
mode is completed, the process of turning on the bed
may be omitted.
[0314] When the manual mode is selected by the user
while the bed is powered on (S220), a body pressure
detection command may be transmitted from the main
controller to the body pressure detection sheet PA. The
body pressure detection sheet PA may perform a pres-
sure scan (S230), and, like the previous steps S140 and
S141, whether the sensed pressure values may be de-
termined (S240), and if the pressure values have not sta-
bilized, the scan may be paused for a predetermined
amount of time (S241) before the pressure scan is re-
sumed or repeated (S230). Once the sensed pressure
values have stabilized, the body pressure detection data
may be calculated and transmitted to the main controller

(S250). The main control may extract the body pressure
for each body area through processing (S260) and a body
pressure distribution image may be generated and output
(S270).
[0315] Steps S210 through S270 may be similar to
Steps S110 - S170 in FIG. 59 and repetitive details may
be omitted. However, under the manual mode, there is
a difference in that the body pressure distribution image
may be output as a part of a body pressure control screen
of the display 8300, which may be optionally interactive
(see FIG. 65). When the body pressure control screen is
output on the display 8300 (S270), the user may select
a body pressure control area to be adjusted (S280) and
a firmness level at the selected area (S290).
[0316] The controller or main controller may periodi-
cally sense whether a complete command has been input
(S300), and when the command has been input ("Yes"
after S300), the manual control mode may end. Other-
wise, ("No" after S300), the body pressure detection
sheet PA may continue to sense body pressures and
update the image output on the display 8300.
[0317] Referring to FIG. 65, on the display 8300 of the
body pressure controller 800, an adjustment region
search screen 8400 and an adjustment region menu
screen 8500 may be displayed together. The adjustment
region menu screen 8500 may include an adjustment
region change button 8510 used for the user to select a
firmness level, and a cushion firmness change button
8520 to newly set the firmness in a selected area or re-
gion. A completion button 8530 may be used to input a
command to complete a manual firmness adjustment
process.
[0318] The adjustment region change button 8510 may
include an upper movement button 8510a and a lower
movement button 8510b to raise or lower, respectively,
a position of the cursor 8420. The adjustment region
search screen 8400 may show a body pressure distribu-
tion image 8410 divided into a plurality of areas from head
to toe, and a cursor 8420 provided at an edge of the
adjustment region search screen 8400
[0319] In order to select a point at which the user wants
to change the firmness of a firmness adjustor M1 of the
cushion module 20, when the user touches or presses
the adjustment region change button 8510, the cursor
8420 may appear on the screen and/or move. When the
user touches the upper movement button 8510a several
times for a short time or continuously for a long time, the
cursor 8420 may moves upward in steps or rapidly move
upward, respectively. Through this operation, the cursor
8420 may be positioned at a vertical position correspond-
ing to a region to be selected.
[0320] When the cursor 8420 is positioned at a point
or area where body pressure is selected to be concen-
trated, the user may increase the firmness at the selected
point by operating the cushion firmness change button
8520. For example, when a firmness increasing button
8520a is pressed several times or pressed for a long
time, the firmness at the point indicated by the cursor
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8420 may be increased, and the firmness adjustor M1
may be controlled accordingly, When a firmness de-
creasing button 8520b is pressed several times or
pressed for a long time, the firmness at the point indicated
by the cursor 8420 may be decreased. As an example,
the firmness at some areas may be selected to be at a
stronger level than other areas by using the cursor 8420
to independently control various firmness adjustors M1
corresponding to the selected areas.
[0321] During the manual adjustment process, a pres-
sure scan (S230) may be repeatedly performed, and
steps 240 through 270 may be repeatedly performed so
as to update the body pressure distribution image on the
display 8400. The user may readjust firmness based on
the updated body pressure distribution image on the dis-
play 8400.
[0322] This process may be repeated many times be-
fore the user touches the completion button 8530 to com-
plete the body pressure adjustment process. In addition,
the firmness adjustment completion command may be
transmitted to the main controller.
[0323] When the firmness or body pressure adjust-
ment process is all completed, a message indicating that
the firmness adjustment process has been completed
may be displayed on the display 8300, as shown in FIG.
66. Further, when the firmness is automatically or man-
ually re-changed, a message recommending the user to
touch a button to select a desired mode may be displayed
together. Embodiments disclosed herein may facilitate
an improved sleeping condition and posture.
[0324] It will be understood that when an element or
layer is referred to as being "on" another element or layer,
the element or layer can be directly on another element
or layer or intervening elements or layers. In contrast,
when an element is referred to as being "directly on" an-
other element or layer, there are no intervening elements
or layers present. As used herein, the term "and/or" in-
cludes any and all combinations of one or more of the
associated listed items.
[0325] It will be understood that, although the terms
first, second, third, etc., may be used herein to describe
various elements, components, regions, layers and/or
sections, these elements, components, regions, layers
and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Thus, a first element, component, region,
layer or section could be termed a second element, com-
ponent, region, layer or section without departing from
the teachings of the present invention.
[0326] Spatially relative terms, such as "lower", "upper"
and the like, may be used herein for ease of description
to describe the relationship of one element or feature to
another element(s) or feature(s) as illustrated in the fig-
ures. It will be understood that the spatially relative terms
are intended to encompass different orientations of the
device in use or operation, in addition to the orientation
depicted in the figures. For example, if the device in the

figures is turned over, elements described as "lower" rel-
ative to other elements or features would then be oriented
"upper" relative to the other elements or features. Thus,
the exemplary term "lower" can encompass both an ori-
entation of above and below. The device may be other-
wise oriented (rotated 90 degrees or at other orientations)
and the spatially relative descriptors used herein inter-
preted accordingly.
[0327] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.
[0328] Embodiments of the disclosure are described
herein with reference to cross-section illustrations that
are schematic illustrations of idealized embodiments
(and intermediate structures) of the disclosure. As such,
variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or toler-
ances, are to be expected. Thus, embodiments of the
disclosure should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to in-
clude deviations in shapes that result, for example, from
manufacturing.
[0329] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.
[0330] Any reference in this specification to "one em-
bodiment," "an embodiment," "example embodiment,"
etc., means that a particular feature, structure, or char-
acteristic described in connection with the embodiment
is included in at least one embodiment of the invention.
The appearances of such phrases in various places in
the specification are not necessarily all referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
any embodiment, it is submitted that it is within the pur-
view of one skilled in the art to effect such feature, struc-
ture, or characteristic in connection with other ones of
the embodiments.
[0331] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
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skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, var-
ious variations and modifications are possible in the com-
ponent parts and/or arrangements of the subject combi-
nation arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to
variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims

1. A method of controlling mattress firmness, compris-
ing:

sensing a pressure at a plurality of points on a
mattress;
determining a plurality of average pressure val-
ues for a plurality of regions of the mattress
based on the sensed pressure at the plurality of
points; and
independently operating a plurality of motors
(24) based on the determined average pressure
values, wherein a corresponding motor (24) is
provided in a corresponding region.

2. The method of claim 1, wherein each motor (24) ro-
tates a gear (251) among a plurality of gears (251,
252, 990) engaged with each other, and wherein
some of the plurality of gears are coupled to a plu-
rality of cushions (C) corresponding to a region
among the plurality of regions such that, when the
motor (24) in the region is powered to rotate the gear
(251), a firmness of the cushions (C) in the region is
adjusted.

3. The method of claim 2, wherein each cushion (C)
includes an outer spring (93), an inner spring (94)
provided in a case (92), and a screw (99) provided
between the case (92) and a gear (990) of the plu-
rality of gears such that, when the motor (24) is pow-
ered to rotate the gear (990), a height of the inner
spring (94) changes with respect to the outer spring
(93) to adjust the firmness of the cushion (C).

4. The method of any one of claims 1 to 3, wherein a
pressure sensing sheet (PA) is provided on the mat-
tress to sense the pressure at the plurality of points,
the pressure sensing sheet (PA) having a plurality
of first electrode lines that intersect with a plurality
of second electrode lines, wherein intersections be-
tween the plurality of first and second electrode lines
correspond to the plurality of points.

5. The method of any one of claims 1 to 4, further com-
prising:

processing the average pressure values;
generating a pressure distribution image based
on the processed average pressure values; and
outputting the pressure distribution image on a
display (8300).

6. The method of claim 5, wherein generating the pres-
sure distribution image includes generating a color
coded image, wherein a spectrum of colors corre-
sponds to a range of the average pressure values.

7. The method of any one of claims 1 to 6, wherein a
user interface is provided on a remote controller
(800) having a display (8300).

8. The method of any one of claims 1 to 7, wherein,
upon receiving an automatic command based on a
user input into a user interface, the step of independ-
ently operating the plurality of motors (24) based on
the determined average pressure value includes:

determining a range value of the determined av-
erage pressure values, the range value being a
difference between the highest average pres-
sure and the lowest average pressure,
comparing the determined range value to a pre-
determined range value, and
when the determined range exceeds the prede-
termined range, operating the motor (24) to
change the firmness in the region having the
highest pressure or operating the motor (24) to
change the firmness in the region having the
lowest pressure,
wherein optionally, after independently operat-
ing the plurality of motors (24) based on the de-
termined average pressure value, repeating the
sensing the pressure, determining the average
pressure, and independently operating until the
determined range does not exceed the prede-
termined range.

9. The method of any one of claims 1 to 8, wherein,
upon receiving an automatic command based on a
user input into a user interface, the step of independ-
ently operating the plurality of motors (24) based on
the determined average pressure value includes:

comparing the determined average pressure
value for a region to a predetermined maximum
pressure value for the region, and
when the determined average pressure value
for the region exceeds the predetermined max-
imum pressure value for the region, operating
the motor (24) in the region to change the firm-
ness,
wherein optionally, after independently operat-
ing the plurality of motors (24) based on the de-
termined average pressure value, repeating the
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sensing the pressure, determining the average
pressure, and independently operating until the
determined average pressure values for the re-
gions do not exceed the predetermined maxi-
mum pressure values for the regions.

10. The method of any one of claims 1 to 9, wherein,
upon receiving an automatic command based on a
user input into a user interface, the step of independ-
ently operating the plurality of motors (24) based on
the determined average pressure value includes:

comparing the determined average pressure
value for a region to a predetermined minimum
pressure value for the region, and
when the determined average pressure value
for the region is less than the predetermined
minimum pressure value for the region, operat-
ing the motor (24) in the region to change the
firmness,
wherein optionally, after independently operat-
ing the plurality of motors (24) based on the de-
termined average pressure value, repeating the
sensing the pressure, determining the average
pressure, and independently operating until the
determined average pressure values for the re-
gions are not below the predetermined minimum
pressure values for the regions.

11. The method of any one of claims 1 10, wherein, upon
receiving a manual command based on a user input
into a user interface and receiving a selected pres-
sure value for a region via the user interface, the step
of independently operating the plurality of motors
(24) based on the determined average pressure val-
ue includes:

comparing the determined average pressure
value for a region to the desired pressure value,
and
operating the motor (24) for the region to change
the firmness to the selected pressure value,
, wherein optionally, after independently operat-
ing the plurality of motors (24) based on the de-
termined average pressure value, repeating the
sensing the pressure, determining the average
pressure, and independently operating until the
determined average pressure values for the re-
gions are within a predetermined error range of
the selected pressure value.

12. The method of any one of claims 1 to 11, wherein
sensing the pressure at the plurality of points on the
mattress includes:

repeatedly sensing the pressure;
determining a difference between a current
sensed pressure and a previous sensed pres-

sure;
comparing the determined difference to a pre-
determined error range;
when the determined difference is within the pre-
determined error range for a predetermined time
period, proceeding to the step of determining
the average pressure value; and
when the determined difference is not within the
predetermined error range for the predeter-
mined time period, stopping sensing for a pre-
determined waiting period, and repeating the
step of repeatedly sensing the pressure after the
predetermined waiting period.

13. A method of controlling a mattress firmness, com-
prising:

receiving a command to adjust a firmness of the
mattress;
performing a pressure scan of the mattress;
storing data from the pressure scan;
processing the stored data;
determining, using the stored data, pressure val-
ues corresponding a plurality of regions of the
mattress, each region having a plurality of elastic
members (93, 94);
generating, via the processed data, a pressure
distribution image;
outputting the pressure distribution image on a
display (8300);
comparing the determined pressure values to
predetermined pressure values; and
independently controlling a corresponding mo-
tor (24) for a corresponding region based on the
comparison between the determined pressure
values and the predetermined pressure values,
each motor (24) being configured to change a
height of some of the elastic members (93, 94)
in a region compared to the other elastic mem-
bers (93, 04) in the region.

14. The method of claim 13, wherein the predetermined
pressure values are selected based on a user selec-
tion via a user interface provided on a remote con-
troller (800), the remote controller (800) having the
display (8300), and/or
wherein the predetermined pressure values are de-
termined based on at least one of past user selec-
tions provided via a user interface, a weight of a user
entered via a user interface, or a comparison of all
of the determined pressure values to each other.

15. The method of claim 13 or 14, wherein the pressure
scan includes sensing a plurality of pressures using
a pressure sensor sheet (PA) provided on the mat-
tress.

59 60 



EP 3 892 161 A1

32

5

10

15

20

25

30

35

40

45

50

55

Amended claims in accordance with Rule 137(2) EPC.

1. A method of controlling mattress firmness, compris-
ing:

sensing a pressure at a plurality of points on a
mattress;
determining a plurality of average pressure val-
ues for a plurality of regions of the mattress
based on the sensed pressure at the plurality of
points; and
independently operating a plurality of motors
(24) based on the determined average pressure
values, wherein a corresponding motor (24) is
provided in a corresponding region.

2. The method of claim 1, wherein each motor (24) ro-
tates a gear (251) among a plurality of gears (251,
252, 990) engaged with each other, and wherein
some of the plurality of gears are coupled to a plu-
rality of cushions (C) corresponding to a region
among the plurality of regions such that, when the
motor (24) in the region is powered to rotate the gear
(251), a firmness of the cushions (C) in the region is
adjusted.

3. The method of claim 2, wherein each cushion (C)
includes an outer spring (93), an inner spring (94)
provided in a case (92), and a screw (99) provided
between the case (92) and a gear (990) of the plu-
rality of gears such that, when the motor (24) is pow-
ered to rotate the gear (990), a height of the inner
spring (94) changes with respect to the outer spring
(93) to adjust the firmness of the cushion (C).

4. The method of any one of claims 1 to 3, wherein a
pressure sensing sheet (PA) is provided on the mat-
tress to sense the pressure at the plurality of points,
the pressure sensing sheet (PA) having a plurality
of first electrode lines that intersect with a plurality
of second electrode lines, wherein intersections be-
tween the plurality of first and second electrode lines
correspond to the plurality of points.

5. The method of any one of claims 1 to 4, further com-
prising:

processing the average pressure values;
generating a pressure distribution image based
on the processed average pressure values; and
outputting the pressure distribution image on a
display (8300).

6. The method of claim 5, wherein generating the pres-
sure distribution image includes generating a color
coded image, wherein a spectrum of colors corre-
sponds to a range of the average pressure values.

7. The method of any one of claims 1 to 6, wherein a
user interface is provided on a remote controller
(800) having a display (8300).

8. The method of any one of claims 1 to 7, wherein,
upon receiving an automatic command based on a
user input into a user interface, the step of independ-
ently operating the plurality of motors (24) based on
the determined average pressure value includes:

determining a range value of the determined av-
erage pressure values, the range value being a
difference between the highest average pres-
sure and the lowest average pressure,
comparing the determined range value to a pre-
determined range value, and
when the determined range exceeds the prede-
termined range, operating the motor (24) to
change the firmness in the region having the
highest pressure or operating the motor (24) to
change the firmness in the region having the
lowest pressure,
wherein optionally, after independently operat-
ing the plurality of motors (24) based on the de-
termined average pressure value, repeating the
sensing the pressure, determining the average
pressure, and independently operating until the
determined range does not exceed the prede-
termined range.

9. The method of any one of claims 1 to 8, wherein,
upon receiving an automatic command based on a
user input into a user interface, the step of independ-
ently operating the plurality of motors (24) based on
the determined average pressure value includes:

comparing the determined average pressure
value for a region to a predetermined maximum
pressure value for the region, and
when the determined average pressure value
for the region exceeds the predetermined max-
imum pressure value for the region, operating
the motor (24) in the region to change the firm-
ness,
wherein optionally, after independently operat-
ing the plurality of motors (24) based on the de-
termined average pressure value, repeating the
sensing the pressure, determining the average
pressure, and independently operating until the
determined average pressure values for the re-
gions do not exceed the predetermined maxi-
mum pressure values for the regions.

10. The method of any one of claims 1 to 9, wherein,
upon receiving an automatic command based on a
user input into a user interface, the step of independ-
ently operating the plurality of motors (24) based on
the determined average pressure value includes:
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comparing the determined average pressure
value for a region to a predetermined minimum
pressure value for the region, and
when the determined average pressure value
for the region is less than the predetermined
minimum pressure value for the region, operat-
ing the motor (24) in the region to change the
firmness,
wherein optionally, after independently operat-
ing the plurality of motors (24) based on the de-
termined average pressure value, repeating the
sensing the pressure, determining the average
pressure, and independently operating until the
determined average pressure values for the re-
gions are not below the predetermined minimum
pressure values for the regions.

11. The method of any one of claims 1 10, wherein, upon
receiving a manual command based on a user input
into a user interface and receiving a selected pres-
sure value for a region via the user interface, the step
of independently operating the plurality of motors
(24) based on the determined average pressure val-
ue includes:

comparing the determined average pressure
value for a region to the desired pressure value,
and
operating the motor (24) for the region to change
the firmness to the selected pressure value,
wherein optionally, after independently operat-
ing the plurality of motors (24) based on the de-
termined average pressure value, repeating the
sensing the pressure, determining the average
pressure, and independently operating until the
determined average pressure values for the re-
gions are within a predetermined error range of
the selected pressure value.

12. The method of any one of claims 1 to 11, wherein
sensing the pressure at the plurality of points on the
mattress includes:

repeatedly sensing the pressure;
determining a difference between a current
sensed pressure and a previous sensed pres-
sure;
comparing the determined difference to a pre-
determined error range;
when the determined difference is within the pre-
determined error range for a predetermined time
period, proceeding to the step of determining
the average pressure value; and
when the determined difference is not within the
predetermined error range for the predeter-
mined time period, stopping sensing for a pre-
determined waiting period, and repeating the
step of repeatedly sensing the pressure after the

predetermined waiting period.
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