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Description 

 

Title of Invention: MOTORIZED FURNITURE 

 

Technical Field 

[0001] 

 Embodiments of the present invention relate to a 

motorized furniture. 

Background Art 

[0002] 

 For example, there is a motorized furniture (such as 

a motorized bed or motorized chair) capable of changing its 

height and backrest inclination.  For example, there is 

proposed technique of helping a user fall asleep by performing 

a back dropping motion when it is judged that the user falls 

into a sleeping state.  Meanwhile, there is proposed technique 

of establishing an airway by dropping a headrest when snoring 

or apnea occurs.  There is a demand for providing the user with 

more comfortable sleep. 

Citation List 

Patent Literature 

[0003] 

 PTL 1: Japanese Patent Application Publication No. 

2012-34979 

 PTL 2: Japanese Patent Application Publication No. 
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2005-270627 

Summary of Invention 

Technical Problem 

[0004] 

 The embodiments of the present invention provide a 

motorized furniture capable of offering more comfortable 

sleep. 

Solution to Problem 

[0005] 

 A motorized furniture according to embodiments of the 

present invention includes a control unit.  The control unit 

transitions to a first falling asleep operation at second time 

where the elapse of time since first time, where the sleep of 

a user of the motorized furniture is detected, is equal to or 

larger than a first time threshold.  The control unit performs 

a second falling asleep operation when a variation of a signal 

corresponding to a biological signal of the user in a first 

period during the first falling asleep operation is smaller 

than the variation in a first prior period, which exists prior 

to the first period, during the first falling asleep operation 

or when the absolute value of a difference between the variation 

in the first period and the variation in the first prior period 

is smaller than a first variation threshold.  In the second 

falling asleep operation, the control unit performs at least 

one of: an operation of decreasing the inclination of a section 
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of the motorized furniture; an operation of decreasing the gap 

between the height of a head part of a mattress of the motorized 

furniture and the height of a waist part of the mattress; and 

an operation of decreasing the difference between the pressure 

in the head part and the pressure in the waist part.  The 

embodiments provide a motorized furniture capable of offering 

more comfortable sleep. 

Advantageous Effects of Invention 

[0006] 

 The embodiments of the present invention can provide 

a motorized furniture capable of offering more comfortable 

sleep. 

Brief Description of Drawings 

[0007] 

 [Fig. 1] Fig. 1 is a schematic perspective view 

illustrating a motorized furniture according to a first 

embodiment of the present invention. 

 [Figs. 2A to 2F] Figs. 2A to 2F are schematic diagrams 

illustrating control over the motorized furniture according 

to the first embodiment. 

 [Fig. 3] Fig. 3 is a block diagram illustrating the 

motorized furniture according to the first embodiment. 

 [Figs. 4A and 4B] Figs. 4A and 4B are schematic diagrams 

illustrating operations of the motorized furniture according 

to the first embodiment. 
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 [Fig. 5] Fig. 5 is a flowchart illustrating the 

operations of the motorized furniture according to the first 

embodiment. 

 [Fig. 6] Fig. 6 is a schematic perspective view 

illustrating a motorized furniture according to a second 

embodiment of the present invention. 

 [Figs. 7A and 7B] Figs. 7A and 7B are schematic side 

views illustrating the motorized furniture according to the 

second embodiment. 

 [Figs. 8A and 8B] Figs. 8A and 8B are schematic diagrams 

illustrating operations of the motorized furniture according 

to the second embodiment. 

 [Fig. 9] Fig. 9 is a flowchart illustrating the 

operations of the motorized furniture according to the second 

embodiment. 

 [Figs. 10A and 10B] Figs. 10A and 10B are schematic 

diagrams illustrating operations of a motorized furniture 

according to a third embodiment of the present invention. 

 [Figs. 11A and 11B] Figs. 11A and 11B are schematic 

diagrams illustrating the motorized furniture according to the 

embodiments. 

 [Figs. 12A to 12D] Figs. 12A to 12D are schematic 

diagrams illustrating another motorized furniture according 

to the embodiments. 

 [Fig. 13] Fig. 13 is a schematic perspective view 
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illustrating a motorized furniture according to another 

embodiment of the present invention. 

 [Fig. 14] Fig. 14 is a schematic diagram illustrating 

operations of the motorized furniture according to the 

embodiments. 

 [Fig. 15] Fig. 15 is another schematic diagram 

illustrating the operations of the motorized furniture 

according to the embodiments. 

 [Fig. 16] Fig. 16 is still another schematic diagram 

illustrating the operations of the motorized furniture 

according to the embodiments. 

Description of Embodiments 

[0008] 

 Hereinbelow, embodiments of the present invention are 

described with reference to the drawings. 

 The drawings are schematic or conceptual, and the 

relationship between the thickness and width of each part, the 

ratio between the sizes of parts, and the like are not 

necessarily the same as real ones.  Even when the different 

drawings represent the same parts, their dimensions and the 

ratio between them may be represented in different ways from 

one drawing to another. 

 Throughout the specification of the present application 

and the drawings, the same components as ones already described 

in the previously mentioned drawings are given the same 
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reference signs and their detailed description is omitted as 

appropriate. 

[0009] 

 (First Embodiment) 

 Fig. 1 is a schematic perspective view illustrating a 

motorized furniture according to a first embodiment of the 

present invention. 

 As illustrated in Fig. 1, a motorized furniture 310 

according to the first embodiment includes a controlled unit 

70C.  The controlled unit 70C includes a movable unit 70, for 

example.  The controlled unit 70C may include at least one of: 

the movable unit 70; a lighting unit 73a; and a temperature 

control unit 73b (such as a heater). 

[0010] 

 In this example, the motorized furniture 310 is provided 

with a control device 160.  The control device 160 can control 

the controlled unit 70C of the motorized furniture 310 (such 

as the movable unit 70).  The control device 160 is a remote 

controller of the motorized furniture 310, for example.  The 

control device 160 is a handy switch, for example. 

[0011] 

 The control device 160 is provided with a manipulation 

reception unit 20 (such as buttons or a touch panel).  The 

manipulation reception unit 20 is configured to receive user’s 

manipulation.  The controlled unit 70C (such as the movable 
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unit 70) is controlled by user’s operations on the manipulation 

reception unit 20. 

[0012] 

 The control device 160 may have various functions such 

as: a lighting on/off function; a nurse/carer call function; 

or a power on/off function. 

[0013] 

 The motorized furniture 310 is used in a location such 

as a house.  The motorized furniture 310 may alternatively be 

used in a location such as an accommodation facility, a hospital, 

or a nursing-care facility. 

[0014] 

 In this example, the motorized furniture 310 is a 

motorized bed.  The movable unit 70 described above is provided 

on the motorized bed.  The movable unit 70 includes a section 

71.  A mattress (not illustrated in Fig. 1) is placed on the 

section 71.  A user lies on the mattress. 

[0015] 

 The movable unit 70 includes sections such as: a back 

section 70a; an upper leg section 70b; a lower leg section 70c; 

and a height change section 70h.  The height change section 

70h is a bed lifting device, for example.  As in the example 

in Fig. 1, the movable unit 70 may further include a head section 

70d.  The multiple sections (the back section 70a, the upper 

leg section 70b, the lower leg section 70c, and the head section 
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70d) included in the section 71 can change their angles. 

[0016] 

 For example, the angle of the user’s back can be changed 

by the operation of the back section 70a.  The angle of the 

knees can be changed by the operations of the upper leg section 

70b and the lower leg section 70c.  The angle of the head part 

(or the height of the head part) of the user can be changed 

by the operation of the head section 70d.  These angles can 

change in conjunction with each other.  These angles are angles 

relative to a frame 75 of the bed.  The frame 75 is set 

substantially in parallel with the floor surface, for example.  

The above angles of the section 71 may be angles relative to 

the floor surface.  In this example, casters 70g are arranged 

below the frame 75.  The casters 70g may be replaced with 

“legs”. 

[0017] 

 The height change section 70h can change the distance 

(height) between the floor surface and the bed surface.  The 

height change section 70h may be capable of changing the height 

of the bed on the head side and the height of the bed on the 

foot side individually.  This makes it possible to change the 

inclination of the whole bed surface. 

[0018] 

 An actuator is used for these sections of the movable 

unit 70, for example.  The operation of the movable unit 70 



9 

enables at least one of motions including: a “back raising” 

motion; a “knee raising” motion; a “height adjustment” motion; 

an “inclination” motion; and the like.  The “inclination” 

motion includes at least done of a roll motion and a tilt motion. 

[0019] 

 The control device 160 is electrically connected to the 

controlled unit 70C (the movable unit 70, for example).  A 

control circuit may be provided between the control device 160 

and the movable unit 70.  The electrically connected state also 

includes such a case where another circuit is provided in 

between. 

[0020] 

 In the example of Fig. 1, the control device 160 is 

connected to the motorized furniture 310 via a cable 15.  The 

control device 160 may be connected to the motorized furniture 

310 via wireless communication.  The control device 160 may 

be capable of communicating with the controlled unit 70C by 

any method. 

[0021] 

 The control device 160 is manipulated by the user or 

the like (the user or a carer of the user).  This enables manual 

control over the controlled unit 70C (the movable unit 70, for 

example). 

[0022] 

 In the embodiment, automatic control is possible in 
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addition to the manual control by the user.  In the automatic 

control, the controlled unit 70C (the movable unit 70, for 

example) is controlled without operations by the user or the 

like, for example.  This control is carried out by a control 

unit 42, for example.  In the example illustrated in Fig. 1, 

the control unit 42 is provided below the section 71.  The 

control unit 42 may be provided in the control device 160 (a 

remote controller or a handy switch).  The control unit 42 may 

be provided at any location. 

[0023] 

 In the embodiment, the control unit 42 controls the 

controlled unit 70C (the movable unit 70, for example) based 

on a biological signal of the user. 

[0024] 

 The biological signal includes a signal (such as 

information) on the body movement of the user.  The biological 

signal includes a signal (such as information) on at least one 

of the respiratory rate and heartbeat rate of the user.  For 

example, the biological signal may include a signal (such as 

information) on at least one of motions of the arms, torso, 

and feet of the user.  For example, the biological signal may 

include a signal (such as information) on the rolling over of 

the user. 

[0025] 

 The biological signal is detected by a detection unit 
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60, for example.  As will be described later, a sensor 62 is 

used as the detection unit 60.  In the example illustrated in 

Fig. 1, the sensor 62 is placed on the section 71.  For example, 

the sensor 62 is provided between the section 71 and the 

mattress.  For example, a detection result detected by the 

detection unit 60 is supplied to an acquisition unit 43 (an 

I/O port, for example).  The detection result is supplied from 

the acquisition unit 43 to the control unit 42. 

[0026] 

 An example of the automatic control by the control unit 

42 will be described later.  First, an example of the manual 

control is described below. 

[0027] 

 Figs. 2A to 2F are schematic diagrams illustrating 

control over the motorized furniture according to the first 

embodiment. 

 In the example of Figs. 2A to 2F, the back section 70a, 

the upper leg section 70b, the lower leg section 70c, and the 

height change section 70h are arranged.  As illustrated in Fig. 

2A, the inclination (angle) of the back section 70a is changed 

by operations on the control device 160 (the manipulation 

reception unit 20, for example) by the user or the like.  For 

example, a “back raising motion” or a “back dropping motion” 

is performed.  The inclination of the section 71 (the back 

section 70a, for example) is inclination in relation to the 
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frame 75 of the bed.  The inclination of the section 71 (the 

back section 70a, for example) may be an angle relative to the 

floor surface. 

[0028] 

 For example, assume that the angle between the back 

section 70a and the frame 75 is a section angle θ.  The section 

angle θ is changed by operating the control device 160.  In 

the example illustrated in Fig. 2B, the section angle θ is a 

second angle θ2.  The second angle θ2 is equal to or larger than 

3 degrees and equal to or smaller than 10 degrees, for example.  

In the example illustrated in Fig. 2C, the section angle θ is 

a first angle θ1.  The first angle θ1 is substantially 0 degree 

(smaller than 3 degrees, for example). 

[0029] 

 As illustrated in Fig. 2D, the angles of the upper leg 

section 70b and the lower leg section 70c may be changed by 

operations on the manipulation reception unit 20.  A “knee 

raising motion” or a “knee dropping motion” is performed.  As 

illustrated in Fig. 2D, the head section 70d may incline in 

a reverse direction so as to be located below the back section 

70a. 

[0030] 

 As illustrated in Fig. 2E, the angles of the back section 

70a, the upper leg section 70b, and the lower leg section 70c 

may be changed in conjunction with each other by operations 
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on the manipulation reception unit 20. 

[0031] 

 As illustrated in Fig. 2F, the motion of the height 

change section 70h is controlled by operations on the 

manipulation reception unit 20.  Thereby, the height 

adjustment is performed.  Specifically, a height H1 of the bed 

surface is changed.  The angle of the section 71 and the height 

H1 may be changed at the same time. 

[0032] 

 As illustrated in Figs. 2A to 2F, a driving unit 72 (such 

as an actuator) is provided in the motorized furniture 310.  

The movable unit 70 is moved by the operation of the driving 

unit 72. 

[0033] 

 In one example, the driving unit 72 may include a load 

sensor (such as a load cell).  The biological signal of the 

user of the motorized furniture 310 may be detected by a load 

applied on the load sensor (the driving unit 72).  This 

corresponds to a case where the driving unit 72 that drives 

the movable unit 70 is provided with the detection unit 60.  

In this way, the detection unit 60 may be included in the driving 

unit 72. 

[0034] 

 Hereinbelow, a description is given of a case where the 

detection unit 60 includes the sensor 62.  The sensor 62 is 
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provided separately from the driving unit 72. 

[0035] 

 Hereinbelow, a functional block example of the 

motorized furniture 310 is described. 

[0036] 

 Fig. 3 is a block diagram illustrating the motorized 

furniture according to the first embodiment. 

 As illustrated in Fig. 3, the motorized furniture 310 

is provided with the control unit 42, the acquisition unit 43, 

the detection unit 60, the driving unit 72, the movable unit 

70 (the controlled unit 70C), and the control device 160, for 

example.  In this example, the detection unit 60 is included 

in the motorized furniture 310.  In the embodiment, the 

detection unit 60 may be provided separately from the motorized 

furniture 310. 

[0037] 

 The control device 160 that includes the manipulation 

reception unit 20 is connected to the control unit 42.  The 

control unit 42 is connected to the driving unit 72.  Based 

on a signal SM that is output in response to operations the 

manipulation reception unit 20 has received, a control signal 

SC is supplied from the control unit 42 to the driving unit 

72.  The driving unit 72 drives the movable unit 70 upon receipt 

of the control signal SC, whereby the movable unit 70 moves.  

As has been described, when the driving unit 72 (such as an 
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actuator) includes a load sensor, at least a part of the driving 

unit 72 may be regarded as the detection unit 60. 

[0038] 

 In the embodiment, a storage unit 48 may be provided.  

The storage unit 48 may store therein various kinds of user 

state information and movable unit information.  The user 

state information is information on user’s state.  The movable 

unit information is information on movable unit’s state.  The 

movable unit information is associated with the user state 

information.  The control unit 42 may perform processing while 

retrieving information stored in the storage unit 48 as needed.  

For example, a part of the operation of the movable unit 70 

may be prohibited for some users.  For example, the operation 

range (such as the angle range) of the movable unit 70 may be 

restricted.  The user state information includes such a 

prohibited matter or restricted matter.  The movable unit 

information includes information on the movable unit 70’s 

operation state associated with this user state information. 

[0039] 

 Meanwhile, the detection unit 60 is configured to detect 

the user’s state.  A signal SS (detection signal) 

corresponding to the biological signal detected and acquired 

by the detection unit 60 is supplied to the acquisition unit 

43.  The acquisition unit 43 is an I/O port, for example.  The 

acquisition unit 43 is an interface of the signal SS, for 
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example. 

[0040] 

 The signal SS acquired by the acquisition unit 43 is 

supplied to the control unit 42.  The control unit 42 is a 

processor, for example.  An electronic circuit (such as a 

computer) may be used as the control unit 42, for example.  The 

control unit 42 is configured to control the movable unit 70 

based on the signal SS corresponding to the biological signal. 

[0041] 

 The block diagram illustrated in Fig. 3 illustrates 

functional blocks.  Multiple functions may be implemented by 

one part (such as a circuit).  For example, at least a part 

of the function of the control unit 42 may be implemented by 

the detection unit 60.  The acquisition unit 43 may be regarded 

as a part of the control unit 42. 

[0042] 

 Hereinbelow, a description is given of an example of 

control based on the biological signal.  In the embodiment, 

the biological signal includes at least one of the respiratory 

rate and heartbeat rate of the user, for example.  The 

respiratory rate is the number of breaths per unit time.  The 

heartbeat rate is the number of heartbeats per unit time.  The 

unit time is one minute, for example.  These biological signals 

are associated with human’s (user’s) state. 

[0043] 



17 

 Further, the biological signal varies with time 

according to the human’s state.  For example, during waking 

hours, the biological signal is likely to vary with human 

activities.  For example, during sleep, the variation of the 

biological signal (such as the respiratory rate and the 

heartbeat rate) is smaller than that of the biological signal 

during waking hours.  For example, during sleep, the variation 

of at least one of motions of the arms, torso, and feet of the 

user is smaller than during waking hours. 

[0044] 

 During sleep, the biological signal also varies with 

a sleep state.  As one example, REM sleep and non-REM sleep 

occur during human sleep.  During REM sleep, a low-amplitude 

brain wave similar to that during waking hours occurs.  REM 

sleep is accompanied with rapid eye movement.  During non-REM 

sleep, a spindle wave or a high-amplitude δ wave occurs in a 

brain wave.  For example, a variation of the biological signal 

during REM sleep is larger than a variation of the biological 

signal during non-REM sleep. 

[0045] 

 More comfortable sleep can be assumed to be provided 

by establishing a state where REM sleep and non-REM sleep occur 

properly, for example. 

[0046] 

 In the embodiment, the motorized furniture 310 is 
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provided with the acquisition unit 43 and the control unit 42.  

The acquisition unit 43 is configured to acquire the signal 

SS (detection signal) corresponding to the biological signal 

of the user of the motorized furniture 310 that includes the 

movable section 71.  For example, the signal SS corresponding 

to the biological signal includes information on at least one 

of the respiratory rate and heartbeat rate of the user.  The 

signal SS may include information on the motion of at least 

one of the arms, torso, and feet of the user.  The signal SS 

may include information on the rolling over of the user.  The 

signal SS may include a signal on the number of the rolling 

over of the user. 

[0047] 

 The control unit 42 is configured to control the 

controlled unit 70C (such as the movable unit 70) according 

to a variation of this signal SS.  The control unit 42 supplies 

the control signal SC to the driving unit 72 based on the 

variation of the signal SS.  Thereby, the operation of the 

section 71 is controlled according to the variation of the 

signal SS.  Specifically, according to the variation of the 

signal SS, the control unit 42 controls the section 71 (e.g. 

the inclination of the section 71), for example.  The angle 

of the section 71 is the section angle θ illustrated in Fig. 

2A, for example.  For example, the control unit 42 increases 

or decreases the inclination of the section 71 (the section 
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angle θ) according to the variation of the signal SS.  As a 

result, the motorized furniture 310 is automatically driven 

according to the user’s sleep state. 

[0048] 

 Hereinbelow, a description is given of an example of 

changing the section angle θ according to the variation of the 

signal SS. 

[0049] 

 Figs. 4A and 4B are schematic diagrams illustrating 

operations of the motorized furniture according to the first 

embodiment. 

 The horizontal axis of these drawings is time tm. 

[0050] 

 The longitudinal axis of Fig. 4A indicates a variation 

∆S of the signal SS.  In the longitudinal axis of Fig. 4A, a 

variation ∆S1 is larger than a variation ∆S2.  The variation 

∆S includes at least one of a temporal change in the signal 

SS and a change in the amplitude of the signal SS.  For example, 

the variation ∆S observed when a period between the minimum 

value and the maximum value of the signal SS is short is larger 

than the variation ∆S observed when the period between the 

minimum value and the maximum value of the signal SS is long.  

For example, the variation ∆S observed when the difference 

(amplitude) between the minimum value and the maximum value 

of the signal SS is large is larger than the variation ∆S 
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observed when the difference (amplitude) between the minimum 

value and the maximum value of the signal SS is small. 

[0051] 

 The longitudinal axis of Fig. 4B is an angle (the section 

angle θ).  For example, a back raising angle changes according 

to the section angle θ.  For example, the first angle θ1 is 

substantially 0 degree.  At this time, the upper surface of 

the section 71 (bed) is flat.  The second angle θ2 is equal 

to or larger than 3 degrees and equal to or smaller than 10 

degrees, for example.  At this time, the upper surface of the 

section 71 (bed) slightly inclines.  For example, a third angle 

θ3 of the section angle θ is larger than the second angle θ2.  

The third angle θ3 is larger than 10 degrees, for example. 

[0052] 

 When the section angle θ is equal to or larger than 3 

degrees and smaller than 12 degrees, it has a curative effect 

against orthostatic hypotension, for example.  Experimental 

result shows that, when the section angle θ is 20 degrees, sleep 

becomes significantly uncomfortable as compared with when the 

section angle θ is 10 degrees, for example. 

[0053] 

 For example, it is assumed that the user can roll over 

easily when the upper surface of the section 71 (bed) is flat 

(the first angle θ1, for example).  On the other hand, the user 

can fall asleep easily when the section 71 (the back section 
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70a) inclines gently (the second angle θ2, for example).  

Further, when the user is awake, the user often finds it natural 

that the inclination of the section 71 (the back section 70a) 

is large (the third angle θ3, for example). 

[0054] 

 In the embodiment, the angle of the section 71 (the 

section angle θ, for example) is changed according to the 

variation ∆S of the signal SS that corresponds to the biological 

signal. 

[0055] 

 For example, the control unit 42 performs a first 

operation OP1.  The first operation OP1 is an operation 

performed when the variation ∆S of the signal SS decreases.  

In the first operation OP1, the control unit 42 increases the 

inclination of the section 71 (the section angle θ, for example) 

when the variation ∆S of the signal SS decreases.  For example, 

in the first operation OP1, the control unit 42 increases the 

section angle θ from the first angle θ1 to the second angle 

θ2.  For example, the control unit 42 increases the section 

angle θ when the variation ∆S of the signal SS tends to decrease 

after the peak (maximum) of the variation ∆S is over. 

[0056] 

 For example, the user’s sleep is becoming deeper when 

the variation ∆S of the signal SS decreases.  By increasing 

the section angle θ from the first angle θ1 to the second angle 
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θ2 at this stage, it is possible to help the user’s deeper sleep.  

For example, this can make the user sleep deeply earlier.  

Thereby, it is possible to provide more comfortable sleep. 

[0057] 

 The control unit 42 may further perform a second 

operation OP2.  The second operation OP2 is an operation 

performed when the variation ∆S of the signal SS increases.  

In the second operation OP2, the control unit 42 decreases the 

inclination of the section 71 (the section angle θ, for example) 

when the variation ∆S of the signal SS increases.  For example, 

in the second operation OP2, the control unit 42 decreases the 

section angle θ from the second angle θ2 to the first angle 

θ1.  For example, the control unit 42 decreases the section 

angle θ when the variation ∆S of the signal SS tends to increase 

after the section (minimum) of the variation ∆S is over. 

[0058] 

 When the variation ∆S of the signal SS increases, the 

user often tries to roll over.  At this time, the control unit 

makes the upper surface of the bed flat by decreasing the 

section angle θ to the first angle θ1.  This helps the user roll 

over more easily and reduces the user’s burden.  Thereby, it 

is possible to provide more comfortable sleep. 

[0059] 

 Further, the control unit performs the first operation 

OP1 after the second operation OP2.  This can help the user 
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sleep deeply earlier after he/she rolls over, for example.  The 

control unit iterates these first operation OP1 and second 

operation OP2.  Thereby, it is possible to provide 

high-quality sleep. 

[0060] 

 In this way, in the first operation OP1, the control 

unit 42 changes the angle (the section angle θ) from the first 

angle θ1 to the second angle θ2.  The first angle θ1 is an angle 

observed when the variation ∆S of the signal SS is in a first 

state.  The second angle θ2 is an angle observed when the 

variation ∆S of the signal SS is in a second state.  The second 

state comes after the first state, and the variation ∆S in the 

second state is smaller than the variation ∆S in the first 

state. 

[0061] 

 Further, in the second operation OP2, the control unit 

42 changes the angle (the section angle θ) to an angle smaller 

than the second angle θ2 (the first angle θ1, for example) in 

a third state.  The third state comes after the second state, 

and the variation ∆S in the third state is larger than the 

variation ∆S in the second state. 

[0062] 

 For example, the signal SS includes multiple states (e.g. 

a first signal state st1 and a second signal state st2: see 

Fig. 4A).  As illustrated in Fig. 4A, the variation ∆S of the 
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signal SS in the second signal state st2 is smaller than the 

variation ∆S of the signal SS in the first signal state st1. 

[0063] 

 For example, the first signal state st1 is assumed to 

correspond to REM sleep.  For example, the second signal state 

st2 is assumed to correspond to non-REM sleep. 

[0064] 

 For example, the first operation OP1 corresponds to the 

operation observed when the first signal state st1 transitions 

to the second signal state st2.  The first operation OP1 

corresponds to the operation observed when REM sleep 

transitions to non-REM sleep.  The second operation OP2 

corresponds to the operation observed when the second signal 

state st2 transitions to the first signal state st1.  The second 

operation OP2 corresponds to the operation observed when 

non-REM sleep transitions to REM sleep. 

[0065] 

 The control unit 42 may further perform a third operation 

OP3 in addition to these first operation OP1 and second 

operation OP2.  The third operation OP3 is an operation 

performed when the user gets up at predetermined time t1 (see 

Fig. 4A). 

[0066] 

 As described above, the signal SS includes the first 

signal state st1 and the second signal state st2.  The control 
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unit 42 performs the third operation OP3 when the signal SS 

becomes the first signal state st1 at the time before and 

closest to the predetermined time t1.  In the third operation 

OP3, the control unit sets the inclination of the section 71 

(the section angle θ) larger than the inclination increased 

as described above (the second angle θ2), for example.  The 

third operation OP3 helps the user wake up, for example.  In 

the third operation OP3, the section angle θ may be changed 

to the third angle θ3 by way of the state of the second angle 

θ2. 

[0067] 

 Thereby, the user can wake up comfortably.  For example, 

when the user is in REM sleep at the time closest to the 

predetermined time t1, an increase of the section angle θ can 

wake the user up. 

[0068] 

 In the third operation OP3, the section 71 may be 

inclined (the section angle θ) at a reverse angle (negative 

angle: a broken line in Fig. 4B) according to the state (or 

taste) of the user (see the head section 70d in Fig. 2D).  In 

this case, the head part of the user inclines below the torso.  

The angle in the third operation OP3 may be changed according 

to the state (such as the age, health conditions, and taste) 

of the user. 

[0069] 
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 As illustrated in Fig. 4B, the control unit 42 may 

perform a falling asleep operation OPs.  For example, at time 

ts, the user or the like makes an input indicating that the 

user wishes to fall asleep by manipulating the control device 

160.  In this example, the section angle θ is large (the third 

angle θ3, for example) in a state before the time ts.  In the 

state before the time ts, the section angle θ may be set at 

any value and may be 0 degree, for example.  When the falling 

asleep manipulation is made at the time ts, the control unit 

42 sets the section angle θ at the second angle θ2.  This helps 

the user fall asleep.  Then, when the variation ∆S of the signal 

SS corresponding to the biological signal becomes smaller, for 

example, the control unit 42 may decrease the section angle 

θ to the first angle θ1.  Alternatively, when the variation ∆S 

of the signal SS corresponding to the biological signal 

increases again after the decrease, the control unit 42 may 

increase the section angle θ to the second angle θ2.  This 

operation corresponds to the first operation OP1. 

[0070] 

 In the embodiment, for example, the control unit 42 may 

change the angle (the angle according to the variation ∆S of 

the signal SS) in the first operation OP1 or the second 

operation OP2 based on the relationship between past data on 

the variation ∆S of the signal SS and the angle of the section 

71 (the section angle θ).  For example, the section angle θ that 
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brings comfortable sleep sometimes differs from one user to 

another.  In addition, the section angle θ that brings 

comfortable sleep to each user sometimes differs between an 

initial period and later period of sleep.  In this case, for 

example, the control unit may change the section angle θ to 

be set based on the relationship between the past data on the 

variation ∆S of the signal SS and the angle of the section 71 

(the section angle θ).  In other words, the control unit may 

set more appropriate section angle θ by learning the 

relationship between the past data on the variation ∆S of the 

signal SS and the section angle θ.  For example, by learning, 

the control unit may customize and change the inclination (such 

as the angle) of at least one of the multiple factors included 

in the section 71 taken in at least one of the states where 

the user is falling asleep and where the user is already asleep. 

[0071] 

 In the above example, the angle that is changed according 

to the variation ∆S of the signal SS corresponding to the 

biological signal is the angle of the back section 70a.  In 

the embodiment, the angle of another portion included in the 

section 71 may be controlled according to the variation ∆S of 

the signal SS corresponding to the biological signal. 

[0072] 

 The motorized furniture 310 (see Fig. 1) according to 

this embodiment includes the control unit 42 capable of the 
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above operations.  The control unit 42 may include the above 

acquisition unit 43, or the acquisition unit 43 may be provided 

separately from the control unit 42.  The motorized furniture 

310 includes the controlled unit 70C (the movable unit 70, for 

example).  The motorized furniture 310 may further include the 

above detection unit 60.  An apneic state, snoring, or the like 

may be suppressed by the operations of the embodiment. 

[0073] 

 In the above example, the user’s sleep state is presumed 

based on the biological signal, and the movable unit 70 is 

controlled according to the sleep state.  In the embodiment, 

the user’s posture (such as a supine position, a prone position, 

or a lateral position) may be presumed.  The movable unit 70 

may be controlled according to the presumption result of the 

user’s posture. 

[0074] 

 Hereinbelow, a description is given of an example of 

a flowchart of the motorized furniture according to this 

embodiment. 

 Fig. 5 is a flowchart illustrating the operations of 

the motorized furniture according to the first embodiment. 

 For example, an input indicating that the user wishes 

to fall asleep is made by manipulating the control device 160.  

Thereby, as illustrated in Fig. 5, the section 71 (the back 

section 70a, for example) takes a small inclination (the second 
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angle θ2, for example)(Step S210). 

[0075] 

 For example, it is judged, in a predetermined period, 

whether or not manipulation on the control device 160 is 

performed (Step S211).  If the manipulation is performed (if 

“NO”), the control unit operates the section 71 according to 

the manipulation (Step S217).  For example, if a back raising 

manipulation input is made, the control unit performs back 

raising manual control.  Then, the process returns back to Step 

S211. 

[0076] 

 In Step S211, if no manipulation on the control device 

160 is performed (if “YES”), the control unit performs 

automatic control described below. 

[0077] 

 If no manipulation is performed (in the case of automatic 

control), the signal SS corresponding to the biological signal 

is acquired (Step S212).  Then, it is judged whether or not 

the variation ∆S of the signal SS is equal to or smaller than 

a threshold (Step S213).  If the variation ∆S of the signal 

SS is not equal to or smaller than the threshold, the process 

returns back to Step S211. 

[0078] 

 In Step S213, if it is judged that the variation ∆S of 

the signal SS is equal to or smaller than the threshold, the 
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control unit decreases the inclination of the section 71 (the 

back section 70a, for example)(Step S214).  For example, the 

control unit sets the section angle θ at the above first angle 

θ1.  Steps S213 and S214 correspond to the falling asleep 

operation OPs, for example. 

[0079] 

 It is further judged whether or not manipulation on the 

control device 160 is performed (Step S101).  If it is judged 

that manipulation is performed (if “NO”), the control unit 

operates the section 71 according to the manipulation (Step 

S102).  Then, the process returns back to Step S210, for example.  

The process may return back to Step S211 or Step S101 after 

Step S102. 

[0080] 

 In Step S101, if no manipulation is performed (if “YES”), 

the signal SS corresponding to the biological signal is 

acquired (Step S110). 

[0081] 

 It is further judged whether or not the variation ∆S 

of the signal SS is decreased, for example (Step S111).  If 

the variation ∆S is decreased, the control unit increases the 

inclination of the section 71 (the back section 70a) (Step S112).  

For example, the control unit sets the section angle θ at the 

above second angle θ2.  Whether or not the variation ∆S is 

decreased is judged using the threshold regarding the decrease 
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of the variation ∆S, for example.  Then, the process returns 

back to Step S101, for example.  Step S111 and Step S112 

correspond to the above first operation OP1.  The first 

operation OP1 helps the user sleep. 

[0082] 

 In Step S111, if the variation ∆S is not decreased, it 

is judged whether or not the variation ∆S is increased (Step 

S121).  Whether or not the variation ∆S is increased is judged 

using the threshold regarding the increase of the variation 

∆S, for example. 

[0083] 

 In Step S121, if the variation ∆S is not increased, it 

means there is substantially no change in the variation ∆S.  

In this case, the process returns back to Step S101. 

[0084] 

 In Step S121, if the variation ∆S is increased (i.e. 

if in the first signal state st1 where the variation ∆S is large), 

it is judged whether or not this first signal state st1 is the 

first signal state st1 at the time before and closest to the 

predetermined time t1 (Step S131). 

[0085] 

 In Step S131, if this first signal state is not at the 

time closest to the time t1 (if “NO”), the control unit 

decreases the inclination of the section 71 (Step S122).  For 

example, the control unit sets the section angle θ at the first 
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angle θ1.  Then, the process returns back to Step S101, for 

example.  Step S121 and Step S122 correspond to the above second 

operation OP2.  The second operation OP2 helps the user roll 

over more easily, for example. 

[0086] 

 In Step S131, if it is judged that this first signal 

state st1 is the first signal state st1 at the time before and 

closest to the time t1, the control unit increases the 

inclination of the section 71 (e.g. the control unit sets the 

section angle θ at the third angle θ3)(Step S132).  This helps 

the user wake up comfortably. 

[0087] 

 In the above process, some Steps may be swapped each 

other within a technically possible range.  For example, Step 

S111 and Step S121 may be swapped each other.  In this case, 

Step S112 and Step S122 are also swapped in conjunction with 

this. 

[0088] 

 (Second Embodiment) 

 In this embodiment, the shape of the mattress is changed 

based on the signal SS corresponding to the biological signal. 

[0089] 

 Fig. 6 is a schematic perspective view illustrating a 

motorized furniture according to a second embodiment of the 

present invention. 
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 As illustrated in Fig. 6, a motorized furniture 320 

according to this embodiment includes a mattress 76 and the 

control unit 42.  The motorized furniture 320 may be further 

provided with the acquisition unit 43.  The acquisition unit 

43 may be included in the control unit 42.  The mattress 76 

may be placed on the section 71 of the motorized bed.  

Alternatively, a surface located below the mattress 76 may be 

a horizontal surface. 

[0090] 

 For example, the mattress 76 includes multiple air cells 

76a.  For example, the multiple air cells 76a are arranged in 

a direction that connects the head part of the mattress 76 with 

the foot part thereof (e.g. in the X-axis direction).  For 

example, each of the multiple air cells 76a extends in the 

left-right direction of the mattress 76 (e.g. in the Y-axis 

direction).  For example, the volume of air inside each of the 

multiple air cells 76a is controlled by a pump unit 76b.  This 

changes the pressure inside each of the multiple air cells 76a.  

For example, this can change the height of each of the multiple 

air cells 76a (e.g. the position of the upper end of each of 

the multiple air cells in the Z-axis direction). 

[0091] 

 For example, a mattress driving unit 76f (e.g. an 

electrical circuit unit) is provided.  The pump unit 76b is 

connected to the mattress driving unit 76f through a cable 76c.  
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A control unit of the mattress driving unit 76f operates the 

pump unit 76b, thus making it possible to control the state 

of each of the multiple air cells 76a in various ways. 

[0092] 

 In this example, a mattress manipulation unit 76d is 

provided.  The mattress manipulation unit 76d is connected to 

the mattress driving unit 76f through a cable 76e.  The mattress 

manipulation unit 76d is configured to receive manipulation 

by a person such as the user of the mattress 76.  A signal SM 

corresponding to the manipulation the mattress manipulation 

unit 76d has received is supplied to the mattress driving unit 

76f, thus making it possible to manually control the state of 

the mattress 76 (e.g. the shape of each of the multiple air 

cells 76a). 

[0093] 

 In this embodiment, in addition to the manual control, 

the state (e.g. the shape) of the mattress 76 is controlled 

by automatic control performed by the control unit 42. 

[0094] 

 In the embodiment, the detection unit 60 (the sensor 

62, for example) is provided.  The detection unit 60 is provided 

below the mattress 76.  The detection unit 60 is configured 

to detect a biological signal including the body movement of 

the user of the mattress 76.  The detection unit 60 outputs 

a signal SS corresponding to the biological signal.  The 



35 

acquisition unit 43 acquires this signal SS.  This signal SS 

is supplied to the control unit 42.  In this example, the signal 

SS also includes information on at least one of the respiratory 

rate and heartbeat rate of the user.  The signal SS may include 

information on at least one of motions of the arms, torso, and 

feet of the user.  The signal SS may include information on 

the rolling over of the user.  The signal SS may include a signal 

on the number of the rolling over of the user. 

[0095] 

 The control unit 42 is configured to control the state 

(e.g. the shape) of the mattress 76 according to the variation 

∆S of the signal SS.  This control is performed in such a way 

that the control unit controls the mattress driving unit 76f 

to control the pump unit 76b, for example.  In this manner, 

the control unit 42 is capable of performing the automatic 

control based on the biological signal in addition to the manual 

control. 

[0096] 

 Hereinbelow, firstly, an example of the state of the 

mattress 76 is described. 

 Figs. 7A and 7B are schematic side views illustrating 

the motorized furniture according to the second embodiment. 

 These drawings illustrate the state (e.g. the shape) 

of the mattress 76.  Fig. 7A corresponds to one state (a first 

mattress state mt1) of the mattress 76.  Fig. 7B corresponds 
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to another state (a second mattress state mt2) of the mattress 

76. 

[0097] 

 A part of the multiple air cells 76a (a head part 77a) 

corresponds to the head part of the user.  Another part of the 

multiple air cells 76a (a waist part 77b) corresponds to the 

waist part of the user.  Still another part of the multiple 

air cells 76a (a foot part 77c) corresponds to the foot part 

of the user. 

[0098] 

 As illustrated in Fig. 7A, in the first mattress state 

mt1, the height (the height of the upper part) of the waist 

part 77b of the mattress 76 is low relative to the height (the 

height of the upper part) of the head part 77a of the mattress 

76.  For example, the height of the waist part 77b of the 

mattress 76 is lower than the height of the foot part 77c of 

the mattress 76.  In the first mattress state mt1, the shape 

of the mattress 76 has a gentle inclination.  When the user 

is laid on the mattress 76 in the first mattress state mt1, 

the back of the user becomes gently inclined.  In the first 

mattress state mt1, the height of the foot part 77c may also 

be lower than the height of the head part 77a. 

[0099] 

 On the other hand, as illustrated in Fig. 7B, in the 

second mattress state mt2, the height of the waist part 77b 
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of the mattress 76 is substantially the same as the height of 

the head part 77a of the mattress 76.  The height of the waist 

part 77b of the mattress 76 is substantially the same as the 

height of the foot part 77c of the mattress 76.  In the second 

mattress state mt2, the mattress 76 is substantially flat.  

When the user is laid on the mattress 76 in the second mattress 

state mt2, the back of the user turns substantially flat.  In 

the second mattress state mt2, the height of the waist part 

77b may be set slightly higher than the height of the head part 

77a. 

[0100] 

 For example, it is assumed that the user can roll over 

easily when the mattress 76 is flat (e.g. in the second mattress 

state mt2).  On the other hand, the user can fall asleep easily 

when the mattress 76 inclines gently (e.g. in the first mattress 

state mt1). 

[0101] 

 In the embodiment, the control unit 42 changes the shape 

of the mattress 76 based on the biological signal of the user.  

For example, the first mattress state mt1 and the second 

mattress state mt2 described above are switched each other.  

Thereby, it is possible to provide more comfortable sleep. 

[0102] 

 Figs. 8A and 8B are schematic diagrams illustrating 

operations of the motorized furniture according to the second 
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embodiment. 

 The horizontal axis of these drawings is time tm.  The 

longitudinal axis of Fig. 8A indicates a variation ∆S of the 

signal SS.  As illustrated in Fig. 8A, the signal SS includes 

multiple states (e.g. a first signal state st1 and a second 

signal state st2).  In this case, the variation ∆S of the signal 

SS in the second signal state st2 is also smaller than the 

variation ∆S of the signal SS in the first signal state st1. 

[0103] 

 The longitudinal axis of Fig. 8B indicates a height HR 

of the waist part 77b of the mattress 76 relative to the height 

of the head part 77a of the mattress 76.  In the first mattress 

state mt1, the waist part 77b is lower than the head part 77a, 

and the shape of the mattress 76 inclines gently.  In the second 

mattress state mt2, the height of the waist part 77b is 

substantially the same as the height of the head part 77a, and 

the shape of the mattress 76 is flat. 

[0104] 

 The control unit 42 performs a first operation OP1 when 

the variation ∆S of the signal SS decreases.  In the first 

operation OP1, the control unit decreases the height of the 

waist part 77b of the mattress 76 relative to the height of 

the head part 77a of the mattress 76.  For example, the control 

unit 42 decreases the height of the waist part 77b when the 

variation ∆S of the signal SS tends to decrease after the peak 
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(maximum) of the variation ∆S is over.  For example, in the 

first operation OP1, the control unit controls the mattress 

so that the mattress transitions from the second mattress state 

mt2 to the first mattress state mt1.  For example, in the first 

operation OP1, the control unit controls the shape of the 

mattress 76 so that the shape changes from a flat shape to a 

gently inclined shape, for example. 

[0105] 

 For example, the user’s sleep is becoming deeper when 

the variation ∆S of the signal SS decreases.  By controlling 

the shape of the mattress 76 so that the shape changes to a 

gently inclined shape at this stage, it is possible to help 

the user’s deeper sleep.  For example, this can make the user 

sleep deeply earlier.  Thereby, it is possible to provide more 

comfortable sleep. 

[0106] 

 The control unit 42 may further perform a second 

operation OP2.  The second operation OP2 is an operation 

performed when the variation ∆S of the signal SS increases.  

In the second operation OP2, the control unit 42 sets the height 

of the waist part 77b closer to the height of the head part 

77a.  For example, in the second operation OP2, the control 

unit 42 controls the mattress so that the mattress transitions 

from the first mattress state mt1 to the second mattress state 

mt2.  For example, in the second operation OP2, the control 
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unit controls the shape of the mattress 76 so that the shape 

changes from a gently inclined shape to a flat shape, for 

example.  For example, the control unit 42 decreases the height 

of the waist part 77b when the variation ∆S of the signal SS 

tends to increase after the section (minimum) of the variation 

∆S is over. 

[0107] 

 When the variation ∆S of the signal SS increases, the 

user often tries to roll over.  By controlling the shape of 

the mattress 76 so that the shape changes from a gently inclined 

shape to a flat shape at this stage, it is possible to help 

the user roll over more easily and reduce the user’s burden.  

Thereby, it is possible to provide more comfortable sleep. 

[0108] 

 Further, the control unit performs the first operation 

OP1 after the second operation OP2.  This can help the user 

sleep deeply earlier after he/she rolls over, for example.  The 

control unit iterates these first operation OP1 and second 

operation OP2.  Thereby, it is possible to provide 

high-quality sleep. 

[0109] 

 The control unit 42 may further perform a third operation 

OP3 in addition to these first operation OP1 and second 

operation OP2.  The third operation OP3 is an operation 

performed when the user gets up at predetermined time t1 (see 
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Fig. 8A). 

[0110] 

 As has been described previously, the signal SS includes 

a first signal state st1 and a second signal state st2.  For 

example, the first signal state st1 corresponds to REM sleep.  

The second signal state st2 corresponds to non-REM sleep.  The 

control unit 42 performs the third operation OP3 when the signal 

SS becomes the first signal state st1 at the time before and 

closest to the predetermined time t1.  In the third operation 

OP3, the control unit 42 keeps the state where the height of 

the waist part 77b is set closer to the height of the head part 

77a (flat state). 

[0111] 

 For example, REM sleep occurs at the time before and 

closest to the predetermined time t1.  Then, the control unit 

42 keeps the flat state of the mattress 76 even when the 

variation ∆S of the signal SS decreases. 

[0112] 

 Thereby, the user can wake up comfortably.  For example, 

when the user is in REM sleep at the time closest to the 

predetermined time t1, the user can wake up thanks to the flat 

state of the mattress 76. 

[0113] 

 In the third operation OP3, the control unit may change 

the shape of the mattress 76 to a reverse shape (a shape where 
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the head part 77a is lower than the waist part 77b) according 

to the state (or taste) of the user.  In this case, the head 

part of the user inclines below the torso.  The shape of the 

mattress 76 in the third operation OP3 may be changed according 

to the state (such as the age, health conditions, and taste) 

of the user. 

[0114] 

 As illustrated in Fig. 8B, the control unit 42 may 

perform a falling asleep operation OPs.  For example, at time 

ts, the user or the like makes an input indicating that the 

user wishes to fall asleep by manipulating the control device 

160.  For example, the mattress 76 is flat in a state before 

the time ts.  When the falling asleep manipulation is made at 

the time ts, the control unit 42 sets the waist part 77b lower 

than the head part 77a.  This helps the user fall asleep.  Then, 

the control unit 42 performs the first operation OP1 and the 

second operation OP2 described above. 

[0115] 

 In the embodiment, for example, the control unit 42 may 

change the shape of the mattress 76, formed according to the 

variation ∆S of the signal SS, based on the relationship between 

past data on the variation ∆S of the signal SS and the shape 

of the mattress 76.  For example, the control unit may change 

the shape of the mattress 76 in the first operation OP1 or the 

second operation OP2 based on the relationship between the past 
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data on the variation ∆S of the signal SS and the shape of the 

mattress 76.  For example, the shape of the mattress 76 that 

brings comfortable sleep sometimes differs from one user to 

another.  In addition, the shape of the mattress 76 that brings 

comfortable sleep to each user sometimes differs between an 

initial period and later period of sleep.  In this case, the 

control unit may change the shape of the mattress 76 to be set 

based on the relationship between the past data on the variation 

∆S of the signal SS and the shape of the mattress 76.  In other 

words, the control unit may set more appropriate shape of the 

mattress 76 by learning the relationship between the past data 

on the variation ∆S of the signal SS and the shape of the 

mattress. 

[0116] 

 In the above example, the heights of multiple portions 

of the mattress 76, which are located at different positions 

in the up-down direction thereof, are changed according to the 

variation ∆S of the signal SS corresponding to the biological 

signal. The up-down direction is a direction that connects the 

head part with the foot part, and corresponds to the X-axis 

direction of Fig. 6.  For example, in the above example, the 

pressure inside the multiple portions of the mattress 76 

(multiple air cells 76a), which are located at different 

positions in the up-down direction thereof, are changed 

according to the variation ∆S of the signal SS. 
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[0117] 

 In the embodiment, the multiple air cells 76a may be 

arranged in the left-right direction (the Y-axis direction in 

Fig. 6).  In the embodiment, the heights of multiple portions, 

which are located at different positions in the left-right 

direction, may be changed according to the variation ∆S of the 

signal SS corresponding to the biological signal.  In the 

embodiment, the pressure inside the multiple portions 

(multiple air cells 76a), which are located at different 

positions in the left-right direction, may be changed according 

to the variation ∆S of the signal SS corresponding to the 

biological signal. 

[0118] 

 The motorized furniture 320 (see Fig. 6) according to 

this embodiment includes the control unit 42 capable of the 

above operations.  The control unit 42 may include the above 

acquisition unit 43, or the acquisition unit 43 may be provided 

separately from the control unit 42.  The motorized furniture 

320 includes the controlled unit 70C (the movable unit 70, for 

example).  The motorized furniture 320 may further include the 

above detection unit 60.  An apneic state, snoring, or the like 

may be suppressed by the operations of the embodiment. 

[0119] 

 In the above example, the user’s sleep state is presumed 

based on the biological signal, and the shape of the mattress 
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76 is controlled according to the sleep state.  In the 

embodiment, the user’s posture (such as a supine position, a 

prone position, or a lateral position) may be presumed.  The 

shape of the mattress 76 may be controlled according to the 

presumption result of the user’s posture. 

[0120] 

 In the above example, the shape of the mattress 76 is 

controlled based on the biological signal of the user.  The 

stiffness of the mattress 76 may be controlled based on the 

biological signal of the user.  At least one of the shape and 

stiffness of a pillow may be controlled based on the biological 

signal of the user.  For example, the user has a taste in the 

shape or stiffness of the mattress 76.  At least one of the 

shape and stiffness of the mattress 76 may be controlled 

according to this taste.  For example, the user has a taste 

in the shape or stiffness of a pillow.  At least one of the 

shape and stiffness of the pillow may be controlled according 

to this taste. 

[0121] 

 Hereinbelow, a description is given of an example of 

a flowchart of the motorized furniture according to this 

embodiment. 

 Fig. 9 is a flowchart illustrating the operations of 

the motorized furniture according to the second embodiment. 

 For example, an input indicating that the user wishes 
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to fall asleep is made by manipulating the control device 160.  

Thereby, as illustrated in Fig. 9, the control unit decreases 

the height of the waist part 77b relative to that of the head 

part 77a (Step S610).  For example, the control unit sets the 

height of the waist part 77b lower than that of the head part 

77a. 

[0122] 

 Then, Steps S211 and S212 and Step S217 are executed.  

These steps are the same as steps described in relation to Fig. 

5. 

[0123] 

 As illustrated in Fig. 9, it is judged whether or not 

the variation ∆S of the signal SS is equal to or smaller than 

a threshold (Step S213).  If the variation ∆S of the signal 

SS is not equal to or smaller than the threshold, the process 

returns back to Step S211. 

[0124] 

 In Step S213, if it is judged that the variation ∆S is 

equal to or smaller than the threshold, the control unit sets 

the height of the waist part 77b closer to the height of the 

head part 77a (Step S614).  For example, the control unit makes 

the mattress 76 substantially flat.  Steps S213 and S614 

described above correspond to the above falling asleep 

operation OPs, for example. 

[0125] 
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 Then, Step S101 and Step S102 are executed.  These steps 

are the same as steps described in relation to Fig. 5. 

[0126] 

 As illustrated in Fig. 9, the signal SS corresponding 

to the biological signal is acquired (Step S110).  It is further 

judged whether or not the variation ∆S of the signal SS is 

decreased, for example (Step S111). 

[0127] 

 If the variation ∆S is decreased, the control unit 

decreases the height of the waist part 77b relative to that 

of the head part 77a (Step S512).  For example, the mattress 

76 turns substantially flat.  Then, the process returns back 

to Step S101, for example.  Step S111 and Step S512 correspond 

to the above first operation OP1.  The first operation OP1 helps 

the user sleep. 

[0128] 

 In Step S111, if the variation ∆S is not decreased, it 

is judged whether or not the variation ∆S is increased (Step 

S121).  Whether or not the variation ∆S is increased is judged 

using the threshold regarding the increase of the variation 

∆S, for example. 

[0129] 

 In Step S121, if the variation ∆S is not increased, it 

means there is substantially no change in the variation ∆S.  

In this case, the process returns back to Step S101. 
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[0130] 

 In Step S121, if the variation ∆S is increased (i.e. 

if in the first signal state st1 where the variation ∆S is large), 

it is judged whether or not this first signal state st1 is the 

first signal state st1 at the time before and closest to the 

predetermined time t1 (Step S131). 

[0131] 

 In Step S131, if this first signal state is not at the 

time closest to the time t1 (if “NO”), the control unit sets 

the height of the waist part 77b closer to the height of the 

head part 77a (Step S522).  For example, the control unit makes 

the mattress 76 substantially flat.  Then, the process returns 

back to Step S101, for example.  Step S131 and Step S522 

correspond to the above second operation OP2.  The second 

operation OP2 helps the user roll over more easily, for example. 

[0132] 

 In Step S131, if it is judged that this first signal 

state st1 is the first signal state st1 at the time before and 

closest to the time t1, the control unit changes at least one 

of the height of the waist part 77b and the height of the head 

part 77a (Step S532).  For example, the control unit makes the 

mattress 76 substantially flat.  Alternatively, the control 

unit changes the shape of the mattress 76 to a reverse shape. 

  This helps the user wake up comfortably. 

[0133] 
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 In this embodiment, some Steps may also be swapped each 

other within a technically possible range.  For example, Step 

S111 and Step S121 may be swapped each other.  In this case, 

Step S512 and Step S522 are also swapped in conjunction with 

this. 

[0134] 

 (Third Embodiment) 

 In this embodiment, the temperature of the motorized 

furniture is controlled based on the signal SS corresponding 

to the biological signal.  For example, as has been described 

in relation to Fig. 1, the temperature control unit 73b (such 

as a heater) is sometimes provided as the controlled unit 70C.  

The temperature control unit 73b is provided at a position 

corresponding to the foot part of the user, for example.  

Hereinbelow, a description is given of an example of changing 

the temperature of the temperature control unit 73b based on 

the signal SS corresponding to the biological signal. 

[0135] 

 Figs. 10A and 10B are schematic diagrams illustrating 

operations of the motorized furniture according to the third 

embodiment of the present invention. 

 The horizontal axis of these drawings is the time tm.  

The longitudinal axis of Fig. 10A indicates the variation ∆S 

of the signal SS.  In this case, the signal SS also includes 

multiple states (e.g. a first signal state st1 and a second 
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signal state st2).  In this case, the variation ∆S of the signal 

SS in the second signal state st2 is also smaller than the 

variation ∆S of the signal SS in the first signal state st1. 

[0136] 

 The longitudinal axis of Fig. 10B is temperature Tm of 

the motorized furniture 320.  In this example, the temperature 

Tm is the temperature of the temperature control unit 73b.  The 

control unit 42 is configured to control the temperature Tm 

of the motorized furniture 320 according to the variation ∆S 

of the signal SS.  The control unit 42 performs a first 

operation OP1.  The first operation OP1 is an operation 

performed when the variation ∆S of the signal SS decreases.  

In the first operation OP1, the control unit 42 decreases the 

temperature Tm when the variation ∆S of the signal SS decreases. 

[0137] 

 For example, the temperature of the user observed when 

the user is sleeping is lower than the temperature of the user 

observed when the user is awake.  By controlling the 

temperature of the motorized furniture according to the state 

of the user, it is possible to provide the user with more 

comfortable sleep. 

[0138] 

 The control unit 42 may further perform a second 

operation OP2.  The second operation OP2 is an operation 

performed when sleep is becoming gradually shallower.  For 
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example, during one sleep period, a sleep state in a sleep start 

period and a sleep state in a period near the end of sleep 

sometimes differ from each other.  For example, in the start 

period, the difference between the first signal state st1 (e.g. 

corresponding to REM sleep) and the second signal state st2 

(e.g. corresponding to non-REM sleep) is assumed to be large.  

For example, in the period near the end, the difference between 

the first signal state st1 and the second signal state st2 is 

assumed to be smaller than the difference in the start period.  

For example, it is possible to presume a sleep state based on 

a change in the difference between the first signal state st1 

and the second signal state st2. 

[0139] 

 For example, the control unit performs the second 

operation OP2 when the difference between the first signal 

state st1 and the second signal state st2 is smaller than a 

certain value (threshold).  In the second operation OP2, for 

example, the control unit increases the temperature Tm of the 

motorized furniture 320 (the temperature control unit 73b, for 

example).  Thereby, it is possible to provide the user with 

more comfortable sleep. 

[0140] 

 Besides, when the controlled unit 70C includes the 

lighting unit 73a (see Fig. 1), the control unit 42 may change 

the operation state (e.g. at least one of the lightness and 
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color) of the lighting unit 73a based on the variation ∆S of 

the signal SS corresponding to the biological signal. 

[0141] 

 The control unit may control at least one of the 

lightness and color of a display unit (or a light) of the control 

device 160 based on the biological signal of the user.  For 

example, the control unit may perform control such that the 

motorized furniture 310 emits a scent that helps the user sleep 

or wake up based on the biological signal of the user. 

[0142] 

 In the third embodiment, the signal SS also includes 

information on at least one of the respiratory rate and 

heartbeat rate of the user.  The signal SS may include 

information on at least one of motions of the arms, torso, and 

feet of the user.  The signal SS may include information on 

the rolling over of the user.  The signal SS may include a signal 

on the number of the rolling over of the user. 

[0143] 

 Hereinbelow, some examples of the sensor 62 are 

described. 

[0144] 

 Figs. 11A and 11B are schematic diagrams illustrating 

the motorized furniture according to the embodiments.  Fig. 

11A is a schematic perspective view illustrating the sensor 

62 and the layout of the sensor 62.  Fig. 11B is a schematic 
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plan view illustrating the sensor 62.  In Fig. 11A, 

constituents are drawn separately from each other for making 

the drawing easy to read and understand. 

[0145] 

 As illustrated in Fig. 11A, in a motorized furniture 

340, the section 71 is provided on a bed leg part 74 of a bed 

part 70B.  The mattress 76 is provided on the section 71.  A 

user 81 lies on the mattress 76.  The sensor 62 (the detection 

unit 60) is provided between the section 71 and the mattress 

76, for example.  In this example, the sensor 62 is in the shape 

of a sheet or plate. 

[0146] 

 As illustrated in Fig. 11B, the sensor 62 includes a 

circuit unit 62a and a sensor unit 62b.  The circuit unit 62a 

includes a communication unit 62c.  The communication unit 62c 

is configured to transmit and receive data to and from the 

control unit 42.  They transmit and receive data by any method 

including at least one of wired and wireless communications. 

[0147] 

 The sensor unit 62b includes a sensor device 62d, for 

example.  The sensor unit 62b is configured to detect a force 

(or characteristics corresponding to the force) received at 

the sensor unit 62b.  The force includes at least one of 

pressure and sound wave, for example.  The sensor unit 62b 

includes a pressure sensor, for example.  The sensor unit 62b 
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includes a microphone, for example. 

[0148] 

 The force (at least one of pressure and sound wave) 

charged by the user 81 is applied on the sensor unit 62b through 

the mattress 76.  For example, a signal based on the force 

detected by the sensor unit 62b is output from the circuit unit 

62a.  The signal thus output is supplied to the control unit 

42.  The control unit 42 presumes the state of the user 81 (such 

as a state where the user is away from the bed, the user is 

sleeping, or the user wakes up) based on at least one of the 

magnitude of the signal (force) and a temporal change in the 

magnitude of the signal (force).  Alternatively, the circuit 

unit 62a may presume the state of the user 81 (such as a state 

where the user is away from the bed, the user is sleeping, or 

the user wakes up) based on at least one of the force detected 

by the sensor 62b and a temporal change in the force.  The state 

of the user 81 may include a state where the user gets up, the 

user is preparing for getting out of the bed (e.g. the user 

is in a sitting position with his/her soles of feet on the floor), 

the user is away from the bed, the user is falling asleep, the 

user is sleeping, or the user wakes up. 

[0149] 

 Further, at least one of the control unit 42 and the 

circuit unit 62a detects the biological signal of the user 81 

based on at least one of the magnitude of the signal (force) 
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and a temporal change in the magnitude of the signal (force).  

The biological signal includes at least one of the respiratory 

rate and heartbeat rate of the user.  A sleep state may be 

presumed based on the biological signal.  The posture of the 

user 81 during sleep may be presumed based on the biological 

signal. 

[0150] 

 For example, vibrations according to the state of the 

user 81 are applied on the sensor unit 62b.  The vibrations 

correspond to the body movement of the user 81, for example.  

The sensor unit 62b detects the vibrations.  The vibrations 

may include sound. 

[0151] 

 For example, vibration detection means (the sensor unit 

62b) and a processing unit (at least a part of at least one 

of the circuit unit 62a and the control unit 42) are arranged.  

The processing unit includes a computer, for example.  The 

vibration detection means is configured to detect vibrations 

of a sleeper (the user 81) on bedding (the bed part 70B), for 

example.  The processing unit includes amount of activity 

calculation means, sleep judgment value calculation means, and 

sleep state judgment means.  These means are functionally 

separated from each other.  The amount of activity calculation 

means is configured to calculate the amount of activity of the 

sleeper per sampling unit time based on the vibrations detected 
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by the vibration detection means.  For example, the sleep 

judgment value calculation means is configured to calculate, 

as a sleep judgment value, the total sum of values that are 

obtained by respectively multiplying the amount of activity 

at first time (e.g. the current time) and the amount of activity 

calculated at second time (e.g. the time prior to the current 

time) by their modification coefficients each obtained by 

weighting according to the corresponding time.  For example, 

the sleep state judgment means is configured to judge that the 

user is awake if the sleep judgment value exceeds a 

predetermined threshold, and judge that the user is sleeping 

if the sleep judgment value is equal to or smaller than the 

predetermined threshold. 

[0152] 

 Figs. 12A to 12D are schematic diagrams illustrating 

another motorized furniture according to the embodiments. 

 Fig. 12A is a sectional view of an example of the sensor 

62.  Fig. 12B is a plan view of the example of the sensor 62.  

Fig. 12C is a perspective view illustrating the layout of the 

sensor 62.  Fig. 12D is a side view illustrating the layout 

of the sensor 62. 

[0153] 

 As illustrated in Fig. 12A, in this example, the sensor 

62 includes a first platy body 62p and a second platy body 62q.  

The second platy body 62q is opposed to the first platy body 
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62p.  These platy bodies may be sheet shaped. 

[0154] 

 The second platy body 62q includes support protrusions 

62s.  The support protrusions 62s are opposed to an outer edge 

part of the first platy body 62q.  The first platy body 62p 

includes an inner part located inside the outer edge part.  An 

air housing body 62r is provided between the inner part and 

the second platy body 62q.  In this example, a groove 62t is 

provided in the second platy body 62q.  The air housing body 

62r is provided in the space formed by (the space divided by) 

the groove 62t.  One end of a signal line 62u is connected to 

the air housing body 62r.  The other end of the signal line 

62u is connected to a detection circuit 62v (detection device). 

[0155] 

 As illustrated in Fig. 12B, the support protrusions 62s 

are opposed to a part of the outer edge of the first platy body 

62p.  In this example, the support protrusions 62s are arranged 

at four corner parts of the first platy body 62p.  The sensor 

62 is in the shape of a sheet or plate. 

[0156] 

 As illustrated in Fig. 12C, the above sensor 62 is placed 

on the section 71.  As illustrated in Fig. 12D, the sensor 62 

is placed on the section 71, and the mattress 76 is placed on 

the sensor.  The user 81 lies on the mattress 76. 

[0157] 



58 

 For example, a force corresponding to the body movement 

of the user 81 is applied on the air housing body 62r.  This 

force includes vibrations, for example.  The force (or the 

characteristics corresponding to the force) applied on the air 

housing body 62r is detected by the detection circuit 62v.  For 

example, the air housing body 62r is provided with a pressure 

detector, and a signal (detection result) acquired by the 

pressure detector is supplied to the detection circuit 62v.  

For example, the air housing body 62r is provided with a 

microphone, and a signal (detection result) acquired by the 

microphone is supplied to the detection circuit 62v.  For 

example, an output (signal) from the detection circuit 62v is 

supplied to the control unit 42.  The control unit 42 presumes 

the state of the user 81 (such as a state where the user is 

away from the bed, the user is sleeping, or the user wakes up).  

Alternatively, the detection circuit 62v may presume the state 

of the user 81 (such as a state where the user is away from 

the bed, the user is sleeping, or the user wakes up) based on 

at least one of the detected force and a temporal change in 

the force.  The state of the user 81 may include a state where 

the user gets up, the user is in a sitting position with his/her 

soles of feet on the floor (e.g. the user is preparing for 

getting out of the bed), the user is away from the bed, the 

user is falling asleep, the user is sleeping, or the user wakes 

up. 
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[0158] 

 The sensor 62 is a biological information collection 

device, for example.  In the sensor 62, the first platy body 

62p is disposed on the side close to the body of the user 81, 

for example.  The second platy body 62q is provided on the 

support side, for example.  The deformable air housing body 

62r for detecting the air pressure is provided between central 

parts of the first platy body 62p and the second platy body 

62q.  The groove 62t for mounting the air housing body 62r 

therein is provided in the central part of the second platy 

body 62q.  The support protrusions 62s protrude in the 

direction from the second platy body 62q toward the first platy 

body 62p.  The support protrusions 62s support the 

circumferential four corners of the first platy body 62p.  The 

support protrusions 62s constantly support the first platy body 

62p to keep it in a horizontal state (normal state), for 

example. 

[0159] 

 In the embodiments, various modifications of the sensor 

62 are possible. 

[0160] 

 In the embodiments, the control unit 42 may control, 

as the controlled unit 70C, at least one of the lighing unit 

73a and the temperature control unit 73b (see Fig. 1) based 

on the state of the user 81 detected by the detection unit 60. 
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[0161] 

 For example, the control unit may change the lightness 

(e.g. including on/off) of the lighting unit 73a based on the 

state (at least one of states where the user gets up, the user 

is in a sitting position with his/her soles of feet on the floor 

(e.g. the user is preparing for getting out of the bed), the 

user is away from the bed, the user is falling asleep, the user 

is sleeping, and the user wakes up) of the user 81 detected 

by the sensor 62.  For example, the control unit may change 

the direction of light, emitted from the lighting unit 73a, 

based on the state of the user 81 detected by the sensor 62.  

The lighting unit 73a includes at least one of ceiling light, 

reading light, and foot light, for example.  The lighting unit 

73a includes any light of the room the user 81 is in.  For 

example, the control unit controls the lighting unit 73a when 

the variation of the signal SS (detection signal) decreases.  

For example, the control unit may turn down the lighting unit 

73a when the variation of the signal SS (detection signal) 

decreases.  This makes it possible to provide a motorized 

furniture capable of facilitating ease of use, and makes it 

possible to provide a motorized furniture capable of offering 

more comfortable sleep. 

[0162] 

 For example, the control unit may change the temperature 

(e.g. including on/off) of the temperature control unit 73b 
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based on the state of the user 81 detected by the sensor 62.  

The temperature control unit 73b may control the temperature 

around the motorized furniture (e.g. the temperature of the 

room the user 81 is in), for example.  This makes it possible 

to provide a motorized furniture capable of facilitating ease 

of use, and makes it possible to provide a motorized furniture 

capable of offering more comfortable sleep. 

[0163] 

 Fig. 13 is a schematic perspective view illustrating 

a motorized furniture according to another embodiment of the 

present invention. 

 As illustrated in Fig. 13, a motorized furniture 330 

is a motorized chair.  The motorized furniture 330 includes 

the movable unit 70.  The movable unit 70 includes a backrest 

part 70p and a seating face part 70q.  The backrest part 70p 

corresponds to a section part capable of changing its angle.  

The seating face part 70q corresponds to a height change part.  

The seating face part 70q may be capable of changing its angle.  

The control device 160 according to the embodiments control 

these parts of the movable unit 70.  In the motorized furniture 

330, the movable unit 70 also moves according to the state of 

the user 81. 

[0164] 

 In the embodiments, in the case where the movable unit 

70 is provided, a drive device of the movable unit 70 (such 



62 

as a motor) is preferably provided on the foot side of the 

motorized furniture.  This makes sound generated by the 

operation of the drive device less likely to reach the head 

part of the user 81, and thereby makes the user more comfortable.  

In the embodiments, the movement speed of the movable unit 70 

in the case of the automatic control may be slower than the 

movement speed of the movable unit 70 in the case of the manual 

control.  This makes the user 81 less likely to feel a sense 

of discomfort.  For example, the user 81 becomes less likely 

to be woken up by the movement of the movable unit 70 by the 

automatic control. 

[0165] 

 In the embodiments, the state of the user 81 may include 

a state where the user gets up, the user is preparing for getting 

out of the bed (e.g. the user is in a sitting position with 

his/her soles of feet on the floor), the user is away from the 

bed, the user is falling asleep, the user is sleeping, the user 

wakes up, or the user rises from the bed. 

[0166] 

 In Fig. 5 and Fig. 9, the signal SS corresponding to 

the biological signal may be acquired (Step S212) before the 

judgment on whether or not manipulation is performed (Step 

S211).  For example, the process may proceed in such a way that 

the signal SS is acquired periodically, and the process 

proceeds to and after Step S213 according to the result in Step 
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S211. 

[0167] 

 When the section angle θ is equal to or larger than 3 

degrees and smaller than 12 degrees, it is effective in the 

treatment of orthostatic hypotension, for example.  For 

example, it is reported that the back raised state makes an 

airway less likely to be obstructed than the horizontal supine 

position, and thus sleeping in the back raised state improves 

respiratory conditions during sleep with regard to obstructive 

sleep apnea syndrome. 

[0168] 

 For example, it is assumed that the user can roll over 

easily when the upper surface of the section 71 (bed) is flat 

(the first angle θ1, for example).  On the other hand, it is 

assumed that, when the section 71 (the back section 70a) 

inclines gently (the second angle θ2, for example), the user 

81 finds it easy to breathe and easy to relax since the 

parasympathetic nerve becomes predominant, and thereby the 

user 81 can fall asleep easily. 

[0169] 

 As described above, in the first embodiment, in the first 

operation OP1, the control unit increases the section angle 

θ from the first angle θ1 to the second angle θ2 when the 

variation ∆S of the signal SS decreases, for example.  This 

makes it possible to improve the respiratory conditions of the 
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user 81 during sleep, for example.  This makes it possible to 

prevent the user 81 from becoming apneic and waking up during 

sleep, for example.  Thereby, it is possible to provide more 

comfortable sleep. 

[0170] 

 In the first embodiment, the control unit performs the 

first operation OP1 after the second operation OP2, for example.  

This makes it possible to prevent the user 81 from becoming 

apneic after he/she rolls over and waking up during sleep, for 

example.  The control unit iterates these first operation OP1 

and second operation OP2.  Thereby, it is possible to provide 

high-quality sleep. 

[0171] 

 As described above, in the second embodiment, the 

control unit controls the shape of the mattress 76 so that the 

shape changes to a gently inclined shape when the variation 

∆S of the signal SS decreases, for example.  This makes it 

possible to improve the respiratory conditions of the user 81 

during sleep, for example.  This makes it possible to prevent 

the user 81 from becoming apneic and waking up during sleep, 

for example.  Thereby, it is possible to provide more 

comfortable sleep. 

[0172] 

 In the second embodiment, the control unit performs the 

first operation OP1 after the second operation OP2, for example.  
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This makes it possible to prevent the user 81 from becoming 

apneic after he/she rolls over and waking up during sleep, for 

example.  The control unit iterates these first operation OP1 

and second operation OP2.  Thereby, it is possible to provide 

high-quality sleep. 

[0173] 

 As has been described in the above embodiments, the 

inclination of the section 71 may be the section angle θ.  As 

has been described, the inclination of the section 71 may be 

an inclination relative to the frame 75 of the bed, or may be 

an angle relative to the floor surface.  For example, the 

inclination of the section 71 may be changed by inclining the 

frame 75 relative to the floor surface.  The inclination of 

the section 71 may be an inclination including the inclination 

of the section 71 relative to the frame 75 and the inclination 

of the frame 75 relative to the floor surface. 

[0174] 

 In one example of the embodiments, the control unit 42 

performs the first operation OP1 when the variation ∆S of the 

signal SS decreases.  In the first operation OP1 or the second 

operation OP2, the control unit 42 decreases the height of the 

waist part 77b of the mattress 76 relative to the height of 

the head part 77a of the mattress 76.  As has been described, 

the height of each of the multiple air cells 76a of the mattress 

76 can be changed by changing the pressure inside the 
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corresponding one of the multiple air cells 76a.  Accordingly, 

this first operation OP1 may include decreasing the difference 

between the pressure in the head part 77a and the pressure in 

the waist part 77b. 

[0175] 

 As has been described, the signal SS corresponds to at 

least one of the respiratory rate, the heartbeat rate, and the 

body movement.  The variation ∆S of the signal SS may 

correspond to at least one of the respiratory rate, the 

heartbeat rate, and the body movement.  The pulse rate may be 

deemed as substantially the same as the heartbeat rate. 

[0176] 

 Hereinbelow, an example of the falling asleep operation 

Ops (Fig. 4B, for example) is described. 

 In one example, the user 81 or the like makes an input 

indicating that the user wishes to fall asleep by manipulating 

the control device 160.  The user 81 or the like includes the 

user 81 of the motorized furniture 310, 320, 330, or 340 and 

the carer of the user, for example.  For example, the control 

device 160 may include a reception button or the like for 

transition to the falling asleep judgment operation.  As has 

been described, the control device 160 can be connected to the 

control unit 42 by any method such as wired or wireless 

communication.  The control device 160 may be a “smartphone 

type”, for example. 
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[0177] 

 The control device 160 may include a touch panel type 

input unit (such as the manipulation reception unit 20), for 

example.  For example, an input area for transition to a 

“falling asleep mode” may be provided in a display unit of the 

touch panel.  The user 81 “touches” this input area to 

transition to the falling asleep judgment operation.  If 

“falling asleep” is judged in the falling asleep judgment 

operation, the control unit 42 performs the falling asleep 

operation Ops.  In the above example, the time when an input 

indicating that the user wishes to fall asleep is made 

corresponds to the time ts (see Fig. 4B). 

[0178] 

 In another example, the falling asleep operation Ops 

may start at the preset time.  For example, a time switch is 

set.  For example, specific time is set, and the control unit 

42 transitions to the falling asleep judgment operation at this 

time without manipulation of the user 81 or the like.  In this 

case, the control unit 42 also performs the falling asleep 

operation Ops if “falling asleep” is judged in the falling 

asleep judgment operation.  In this example, the preset 

specific time corresponds to the time ts (see Fig. 4B).  The 

specific time is set by the user 81 or the like, for example. 

[0179] 

 Hereinbelow, a description is given of some examples 
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of the “falling asleep mode” including “sleep” judgment, the 

falling asleep operation Ops, and the like. 

[0180] 

 Fig. 14 is a schematic diagram illustrating operations 

of the motorized furniture according to the embodiments. 

 Fig. 15 is another schematic diagram illustrating the 

operations of the motorized furniture according to the 

embodiments. 

 In Fig. 15, the horizontal axis is time tt. 

[0181] 

 As illustrated in Fig. 14, the control device 160 (or 

the control unit 42) has a standby state (Step ST00), for 

example.  In response to manipulation received by the 

manipulation reception unit 20 or by way of the time switch, 

the control unit 42 transitions to a falling asleep mode M01 

(Step ST01). 

[0182] 

 When the control unit 42 transitions to the falling 

asleep mode M01, the control unit performs a falling asleep 

detection operation HS0 (see Fig. 15) (Step ST10).  In the 

falling asleep detection operation HS0, the control unit 42 

detects the user 81’s sleep start.  In one example, the control 

unit 42 acquires the signal SS from the detection unit 60 (such 

as the sensor 62)(the signal corresponding to the biological 

signal of the user 81) to detect the user 81’s sleep.  In another 
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example, the control unit 42 may acquire “a signal indicating 

that the user 81 is sleeping” detected by the detection unit 

60 (such as the sensor 62).  For example, it is judged that 

the user is “sleeping” if the variation ∆S of the signal SS 

corresponding to the biological signal (such as the respiratory 

rate and heartbeat rate) is smaller than the threshold.  As 

has been described, the variation ∆S may include at least one 

of a temporal change in the signal SS and a change in the 

amplitude of the signal SS, for example.  The biological signal 

may include information on the body movement of the user 81.  

The biological signal may include a signal on the rolling over 

of the user (such as information on the user’s posture during 

sleep).  The falling asleep detection operation HS0 is, for 

example, a “sleep detection waiting state”.  The falling 

asleep detection operation HS0 corresponds to Step S212 and 

Step S213, for example (see Fig. 5 and Fig. 9). 

[0183] 

 In the falling asleep detection operation HS0, assume 

that the time when it is judged that “the user 81 is sleeping” 

is first time t01 (see Fig. 15).  As illustrated in Fig. 15, 

the control unit 42 (or the detection unit 60) performs a 

judgment operation Dc0 to judge whether or not the user 81 is 

sleeping.  The time when it is judged that “the user 81 is 

sleeping” corresponds to the first time t01.  The first time 

t01 is the time when the sleep of the user 81 of the motorized 
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furniture is detected. 

[0184] 

 As illustrated in Fig. 14, for example, the control unit 

42 measures the elapse of time since the first time t01 (“sleep 

duration”).  The “sleep duration” denotes a period of time in 

which sleep continues.  If the “sleep duration” becomes equal 

to or larger than a first time threshold (Step ST11), the 

control unit 42 transitions to a first falling asleep operation 

HS1 (see Fig. 15)(Step ST20).  This transition time is set at 

second time t02 (see Fig. 15).  The first time threshold is 

20 minutes, for example.  The first time threshold may take 

any value exceeding 0 minute and equal to or smaller than 120 

minutes. 

[0185] 

 For example, as illustrated in Fig. 15, the control unit 

42 performs a judgment operation Dc1 at the second time t02.  

The time when it is judged that “the elapse of time ∆t12 since 

the first time t01 is equal to or larger than the first time 

threshold” in the judgment operation Dc1 corresponds to the 

second time t02.  The second time t02 corresponds to the time 

of transition from the falling asleep detection operation HS0 

to the first falling asleep operation HS1. 

[0186] 

 The first falling asleep operation HS1 performed by the 

control unit 42 is the operation (e.g. monitor operation) of 



71 

acquiring the signal SS corresponding to the biological signal 

of the user 81, for example. 

[0187] 

 As illustrated in Fig. 14, if the variation of the 

biological signal satisfies a predetermined condition (first 

variation condition)(Step ST21), the control unit 42 performs 

a second falling asleep operation HS2 (see Fig. 15)(Step ST25). 

[0188] 

 For example, as illustrated in Fig. 15, a predetermined 

period D1 elapses after the second time t02.  When the 

predetermined period D1 elapses, the control unit 42 performs 

a judgment operation Dc2.  The predetermined period D1 is 60 

seconds, for example.  In the judgment operation Dc2, it is 

judged whether or not the variation ∆S of the signal SS 

corresponding to the biological signal of the user 81 in a first 

period p11 during the first falling asleep operation HS1 

satisfies the first variation condition.  The variation ∆S of 

the signal SS in the first period p11 during the first falling 

asleep operation HS1 satisfies the first variation condition 

if this variation ∆S satisfies at least one of conditions where 

the variation ∆S in the first period p11 is smaller than the 

variation ∆S in a first prior period p10 prior to the first 

period p11 during the first falling asleep operation HS1, where 

the absolute value of the difference between the variation ∆S 

in the first period p11 and the variation ∆S in the first prior 
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period p10 is smaller than a first variation threshold, and 

where the absolute value of the difference between the 

variation ∆S in the first period p11 and the variation ∆S in 

a period p_M prior to this period is smaller than the first 

variation threshold.  The control unit performs the second 

falling asleep operation HS2 (see Fig. 15) if the variation 

∆S satisfies this first variation condition (Step ST25 in Fig. 

14).  In one example, the variation ∆S is a heartbeat rate.  

The heartbeat rate may be a heartbeat rate per minute that is 

calculated from an average value of the number of heartbeats 

(the number of peaks R represented in a waveform in an 

electrocardiogram) in a certain period (e.g. 5 seconds), for 

example.  In the embodiments, the heartbeat rate may be 

obtained by averaging the number of heartbeats in a period 

between peaks (between R-R) of the waveform. 

[0189] 

 In one example, the length of each of the first period 

p11 and the first prior period p10 may be equal to or longer 

than 10 seconds and equal to or shorter than 5 minutes. 

[0190] 

 In the above example, in the judgment of operation (Step 

ST21) on whether or not the variation of the biological signal 

satisfies the predetermined condition (first variation 

condition), the control unit evaluates the variation ∆S of the 

signal SS between the first period p11 and the period prior 
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to the first period p11 during the first falling asleep 

operation HS1.  As will be described later, the way of judgment 

using the first variation condition may be modified in various 

ways.  As will be described later, the control unit may make 

judgments according to the result of evaluation of the 

variation ∆S of the signal SS in the first period p11 during 

the first falling asleep operation HS1.  Then, if the variation 

of the biological signal satisfies the predetermined condition 

described above (first variation condition)(Step ST21), the 

control unit performs the second falling asleep operation HS2. 

[0191] 

 In the second falling asleep operation HS2, the control 

unit 42 performs at least one of: the operation of decreasing 

the inclination of the section 71 of the motorized furniture; 

the operation of decreasing the gap between the height of the 

head part 77a of the mattress 76 of the motorized furniture 

and the height of the waist part 77b of the mattress; and the 

operation of decreasing the difference between the pressure 

in the head part 77a and the pressure in the waist part 77b 

(Step ST26 in Fig. 14). 

[0192] 

 In Step ST26, the operations such as decreasing the 

inclination by a predetermined amount and decreasing the 

difference by a predetermined amount are performed.  After 

Step ST26 is over, the control unit stops the second falling 
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asleep operation HS2 (Step ST27 in Fig. 14). 

[0193] 

 In this manner, in the embodiments, for example, the 

control unit 42 performs the second falling asleep operation 

HS2 if the variation ∆S satisfies the first variation condition 

described above in the first falling asleep operation HS1.  In 

the second falling asleep operation HS2, the control unit 42 

decreases the inclination at the user 81’s back, for example.  

Thereby, the user 81’s posture turns close to flat, whereby 

the user finds it easy to roll over. 

[0194] 

 As illustrated in Fig. 14, if the variation ∆S does not 

satisfy the first variation condition described above (Step 

ST22) in the first falling asleep operation HS1, the process 

proceeds to Step ST27 and the control unit does not perform 

the second falling asleep operation HS2 (Steps ST25 and ST26).  

For example, the control unit 42 does not perform the second 

falling asleep operation HS2 if, in the first falling asleep 

operation HS1, the absolute value (difference value) of the 

difference between the variations ∆S described above exceeds 

the first variation threshold and the variation ∆S in the first 

period p11 is larger than the variation ∆S in the first prior 

period p10. 

[0195] 

 If the variation ∆S satisfies the first variation 
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condition described above in the first falling asleep operation 

HS1 (Step ST21), the user 81’s sleep is presumed to deep, for 

example.  On the other hand, if the variation ∆S does not 

satisfy the first variation condition described above in the 

first falling asleep operation HS1 (e.g. Step ST22), the user 

81’s sleep is presumed to shallow.  By performing the second 

falling asleep operation HS2 described above when the user 81’s 

sleep is presumed to deep, it is possible to inhibit the user 

81 from being woken up by the second falling asleep operation 

HS2. 

[0196] 

 In one example according to the embodiments, the control 

unit may perform the above control operation (such as the second 

falling asleep operation HS2) when the section angle θ in the 

falling asleep detection operation (Step ST10) is equal to or 

larger than 0 degree and equal to or smaller than 30 degrees.  

For example, if the section angle θ in the falling asleep 

detection operation (ST10) is smaller than 0 degree (negative 

angle) or larger than 30 degrees, the control unit may perform 

no control operation (such as the second falling asleep 

operation HS2) even when the process proceeds to the falling 

asleep mode M01.  By not performing the control operation (such 

as the second falling asleep operation HS2) when the section 

angle θ takes the above angle, it is possible to reduce a sense 

of discomfort. 
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[0197] 

 As illustrated in Fig. 14, if the detected signal SS 

does not satisfy the predetermined condition in the first 

falling asleep operation HS1 (Step ST23), the control unit may 

continue the first falling asleep operation HS1 (Step ST20).  

For example, when the signal SS is the heartbeat rate, an 

average heartbeat rate is calculated from three successive 

heartbeats.  For example, in Step ST23, the process returns 

back to Step ST20 if the detected number of heartbeats is two 

or smaller.  For example, the process may return back to Step 

ST20 if the average heartbeat rate thus detected does not fall 

within a predetermined range.  For example, the process may 

return back to Step ST20 if the average heartbeat rate thus 

detected is smaller than 40 times/minute or larger than 100 

times/minute. 

[0198] 

 On the other hand, for example, in Step ST21, the control 

unit transitions to the second falling asleep operation HS2 

(Step ST25) if the difference between the average heartbeat 

rate in the first period p11 (see Fig. 15) and the average 

heartbeat rate in the first prior period p10 (see Fig. 15) is 

smaller than 5 times/minute.  In this case, the first variation 

threshold is 5 times/minute. 

[0199] 

 In the embodiments, for example, the inclination angle 
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decreased at a time is set small.  For example, the difference 

between the angle of the section 71 (e.g. the section angle 

θ) after the decrease of inclination and the angle of the 

section 71 (the section angle θ) in the period prior to this 

period is 1 degree or smaller.  This angle difference may be 

0.6 degrees or smaller.  This angle difference may be 0.3 

degrees or smaller. 

[0200] 

 For example, during one change of the section angle θ, 

the change speed of the section angle θ in an “initial period” 

may be lower than the change speed of the section angle θ in 

a “later period” after this “initial period”.  For example, 

during one change of the section angle θ, the change speed of 

the section angle θ in the “later period” may be higher than 

the change speed of the section angle θ in a “further later 

period”.  The operation may be performed slowly at the start 

of the operation and the end of the operation. 

[0201] 

 In one example, a period of time needed from Step ST25 

to Step ST27 is equal to or longer than 1 second and equal to 

or shorter than 3 seconds. 

[0202] 

 The control unit stops the control operation once one 

second falling asleep operation HS2 (the control operation such 

as the decrease of inclination) is over (Step ST27).  When a 
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threshold period (such as 60 seconds) elapses after this stop 

(Step ST28), the process returns back to the first falling 

asleep operation HS1 (Step ST20).  For example, the control 

unit performs the second round’s first falling asleep operation 

HS1 (Step ST20). 

[0203] 

 During one cycle (Steps ST20 to ST27), the user 81’s 

sleep state is detected in Steps ST21 to ST23.  Then, when the 

user 81’s sleep is presumed to deep, the control unit performs 

the second falling asleep operation HS2 (the control operation 

such as the decrease of inclination)(Steps ST25 and ST26).  The 

degree of control (such as the degree of the decrease of 

inclination) in one control operation is set small.  The cycle 

as described above is iterated.  In other words, as illustrated 

in Fig. 15, the control unit may iterate the first falling 

asleep operation HS1 and the second falling asleep operation 

HS2.  An example of iteration of the first falling asleep 

operation HS1 and the second falling asleep operation HS2 will 

be described later. 

[0204] 

 For example, by the iteration of the above Steps ST20 

to ST27, the section 71 turns flat, or the mattress 76 turns 

flat.  When the section 71 turns flat or the mattress 76 turns 

flat, the change of the inclination, height, or stiffness 

reaches its limit and becomes no longer available.  In this 
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case, the process may return back to the standby state (Step 

ST00). 

[0205] 

 In the embodiments, the process may return back to the 

standby state (Step ST00) upon receipt of manipulation for 

cancelling the falling asleep mode M01 (Step ST43). 

[0206] 

 The process may return back to the standby state (Step 

ST00) upon receipt of manipulation for cancelling the falling 

asleep mode M01 (Step ST41) in the falling asleep detection 

operation (Step ST10).  The process may return back to the 

standby state (Step ST00) upon receipt of manipulation for 

cancelling the falling asleep mode M01 (Step ST42) in Step ST20. 

[0207] 

 The control unit may continue the falling asleep 

detection operation HS0 (Step ST10) upon detection of at least 

one of states where the user 81 wakes up and the user is away 

from the bed (Step ST31) in the falling asleep detection 

operation (Step ST10).  The process may return back to the 

falling asleep detection operation HS0 (Step ST10) upon 

detection of at least one of states where the user 81 wakes 

up and the user is away from the bed (Step ST33) in Step ST27.  

The process may return back to the standby state (Step ST00) 

upon detection of a state where the user 81 is away from the 

bed and upon lapse of a predetermined period in the falling 
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asleep detection operation (Step ST10). 

[0208] 

 As has been described, the control unit may iterate the 

first falling asleep operation HS1 and the second falling 

asleep operation HS2.  For example, as illustrated in Fig. 15, 

when the first round’s predetermined period D1 elapses, the 

control unit performs the judgment operation Dc2 in the first 

round’s first falling asleep operation HS1 as described above.  

For example, the control unit performs the second falling 

asleep operation HS2 according to the judgment operation Dc2, 

for example.  Then, the control unit performs the second 

round’s first falling asleep operation HS1.  When the second 

round’s predetermined period (period D2) elapses, the control 

unit performs the judgment operation Dc2 in the second round’s 

first falling asleep operation HS1.  In this judgment 

operation Dc2, the following first difference is evaluated.  

The first difference indicates the difference between the 

signal SS in a second period p21 and the signal SS in a second 

prior period p20 prior to the second period p21, for example.  

Alternatively, the first difference may be the difference 

between the signal SS in the second period p21 and the signal 

SS in a period prior to the second period p21 (e.g. the first 

period p11), for example.  The control unit performs the second 

round’s judgment operation Dc2 based on the result of the first 

difference. 
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[0209] 

 The control unit performs the second round’s second 

falling asleep operation HS2 based on the result of the second 

round’s judgment operation Dc2, then further performs the 

judgment operation when the third round’s predetermined period 

(period D3) elapses, and then performs the third round’s first 

falling asleep operation HS1. 

[0210] 

 In the third round’s judgment operation, the following 

second difference is evaluated.  The second difference 

indicates the difference between the signal SS in a third period 

p31 and the signal SS in a third prior period p30 prior to the 

third period p31 in the third round’s first falling asleep 

operation HS1, for example.  Alternatively, the second 

difference may be the difference between the signal SS in the 

third period p31 in the third round’s first falling asleep 

operation HS1 and the signal SS in a period prior to the third 

period p31 (e.g. the second period p21).  The second difference 

is evaluated, and the control unit performs the third round’s 

judgment operation based on the result of the second 

difference. 

[0211] 

 In this way, the control unit detects the user 81’s sleep 

state, and performs the second falling asleep operation HS2 

(user’s back control) to a slight degree when the user 81’s 
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sleep is deep.  This makes it possible to inhibit the user 81 

from being woken up by the second falling asleep operation HS2.  

By iterating the above cycle, the section 71 turns flat, for 

example.  The mattress 76 turns flat, for example.  In the flat 

state, the user 81 can roll over easily.  Then, the control 

unit may perform operations such as the first operation OP1 

and the second operation OP2 described in relation to Fig. 4A 

and Fig. 4B, for example.  The control unit may further perform 

the third operation OP3. 

[0212] 

 The above Steps ST20 to ST27 may be performed in the 

second operation OP2 (the decrease of inclination). 

[0213] 

 As has been described, the second angle θ2 is equal to 

or larger than 3 degrees and equal to or smaller than 10 degrees, 

for example.  The inclination of the section 71 (the section 

angle θ) may be set at the second angle θ2 when the control 

unit transitions to the first falling asleep operation HS1 

(Step ST20).  The user 81 can fall asleep easily when the 

section 71 (the back section 70a) inclines gently (the second 

angle θ2, for example). 

[0214] 

 In another example according to the embodiments, as 

illustrated in Fig. 15, the control unit may evaluate, in the 

falling asleep detection operation HS0, the variations ∆S of 
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the signal SS, corresponding to the biological signal of the 

user 81, in two successive periods (e.g. a period p_M and a 

prior period p_(M-1)) between the first time t01 and the second 

time t02.  The control unit may perform the judgment operation 

Dc1 or the second falling asleep operation HS2 based on this 

evaluation result.  In this case, the sleep of the user 81 of 

the motorized furniture is also detected at the first time t01.  

The control unit transitions to the first falling asleep 

operation HS1 at the second time t02 after the first time t01.  

The user 81’s sleep state at the second time t02 satisfies at 

least one of first and second conditions.  The first condition 

is that the elapse of time from the first time t01 to the second 

time t02 is equal to or larger than the first time threshold.  

The second condition is satisfied when the absolute value of 

the difference between the variations ∆S of the signal SS, 

corresponding to the biological signal of the user 81, in the 

two successive periods (e.g. the period p_M and the prior period 

p_(M-1)) between the first time t01 and the second time t02 

is smaller than a threshold (second condition threshold). 

[0215] 

 In this way, in another example of the embodiments, the 

control unit may transition from the falling asleep detection 

operation HS0 to the first falling asleep operation HS1 based 

on not only the elapse of time since the first time t01 but 

also the degree of stability of the signal SS during the falling 
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asleep detection operation HS0. 

[0216] 

 In this example, the control unit 42 also performs the 

second falling asleep operation HS2 when the variation ∆S of 

the signal SS in the first period p11 during the first falling 

asleep operation HS1 satisfies the predetermined condition 

(signal variation condition).  As illustrated in Fig. 15, this 

condition is satisfied when the variation ∆S of the signal SS 

in the first period p11 is smaller than the variation ∆S in 

the period prior to the first period (e.g. the first prior 

period p10) or when the absolute value of the difference between 

the variation ∆S in the first period p11 and the variation ∆S 

in the above prior period (e.g. the period p_M) is smaller than 

the first variation threshold. 

[0217] 

 In this case, in the second falling asleep operation 

HS2, the control unit 42 also performs at least one of: the 

operation of decreasing the inclination of the section 71 of 

the motorized furniture; the operation of decreasing the gap 

between the height of the head part 77a of the mattress 76 of 

the motorized furniture and the height of the waist part 77b 

of the mattress; and the operation of decreasing the difference 

between the pressure in the head part 77a and the pressure in 

the waist part 77b. 

[0218] 
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 In this case, the control unit also detects the user 

81’s sleep state, and performs the second falling asleep 

operation HS2 (user’s back control) to a slight degree when 

the user 81’s sleep is deep.  This makes it possible to inhibit 

the user 81 from being woken up by the second falling asleep 

operation HS2. 

[0219] 

 In this example, the above prior period may be a period 

during the first falling asleep operation HS1.  The above prior 

period may be a period between the first time t01 and the second 

time t02 (e.g. a period during the falling asleep detection 

operation). 

[0220] 

 Fig. 16 is still another schematic diagram illustrating 

the operations of the motorized furniture according to the 

embodiments. 

 In the example illustrated in Fig. 16, as is the case 

with the above, the control unit 42 performs the judgment 

operation Dc1 at the second time t02.  The control unit 

transitions from the falling asleep detection operation HS0 

to the first failing asleep operation HS1 at the second time 

t02. 

[0221] 

 As illustrated in Fig. 16, the predetermined time D1 

elapses after the second time t02.  After the predetermined 
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time D1 elapses, the control unit 42 performs the judgment 

operation Dc2.  In this example, the signal SS in the first 

period p11 is detected.  If the signal SS detected in the first 

period p11 satisfies the predetermined condition, the control 

unit 42 performs the second falling asleep operation HS2 

described above (Step ST26 in Fig. 14).  In this example, in 

Step ST21 of Fig. 14, the variation ∆S of the signal SS in the 

first period p11 during the first falling asleep operation HS1 

is used as the variation of the biological signal, for example, 

and this variation ∆S is compared with the predetermined value 

(the first variation threshold). 

[0222] 

 For example, when the signal SS is the heartbeat rate, 

it is detected that the heartbeat rate in the predetermined 

range is calculated successively three times in the first 

period p11.  Based on this result, the control unit 42 performs 

the second falling asleep operation HS2.  As has been described, 

in the second falling asleep operation HS2, the control unit 

42 performs at least one of: the operation of decreasing the 

inclination of the section 71 of the motorized furniture 310; 

the operation of decreasing the gap between the height of the 

head part 77a of the mattress 76 of the motorized furniture 

320 and the height of the waist part 77b of the mattress; and 

the operation of decreasing the difference between the pressure 

in the head part 77a and the pressure in the waist part 77b. 
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[0223] 

 As illustrated in Fig. 16, after the predetermined time 

D2 elapses after the judgment operation Dc2, the control unit 

42 performs the judgment operation Dc3.  In this example, the 

signal SS in the second period p21 prior to the judgment 

operation Dc3 is detected.  For example, if the difference 

between the signal SS in the second period p21 and the signal 

SS in the first period p11 satisfies the predetermined 

condition, the control unit 42 performs the second round’s 

second falling asleep operation HS2. 

[0224] 

 As illustrated in Fig. 16, after the predetermined time 

D3 elapses after the judgment operation Dc3, the control unit 

42 performs the second round’s judgment operation Dc3.  In this 

example, the signal SS in the third period p31 prior to the 

second round’s judgment operation Dc3 is detected.  For 

example, if the difference between the signal SS in the third 

period p31 and the signal SS in the second period p21 satisfies 

the predetermined condition, the control unit 42 performs the 

third round’s second falling asleep operation HS2. 

[0225] 

 In this way, the judgment operation Dc3 may be iterated 

multiple times after the judgment operation Dc2.  By iterating 

the judgment operation Dc3 multiple times, the inclination of 

the section 71 is slowly decreased little by little, for 
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example. 

[0226] 

 Iterating the above judgment operation multiple times 

corresponds to iterating the processing from Step ST20 to Step 

ST27 in Fig. 14 multiple times, for example.  In the iteration 

of the processing multiple times, the “variation of the 

biological signal” and the “first variation threshold” in Step 

ST21 may be changed, for example.  In the example of Fig. 16, 

in the initial judgment, the variation ∆S of the signal SS in 

the first period p11 is compared with the predetermined value.  

Then, in the second or later judgment, the variation ∆S between 

the corresponding period and the period prior to this period 

is compared with the predetermined value. 

[0227] 

 The embodiments can provide a motorized furniture 

capable of facilitating ease of use when the user falls asleep. 

[0228] 

 The reference signs in the drawings are as follows. 

 15: cable, 20: manipulation reception unit, 42: control 

unit, 43: acquisition unit, 48: storage unit, 60: detection 

unit, 62: sensor, 62a: circuit unit, 62b: sensor unit, 62c: 

communication unit, 62d: sensor device, 62p: first platy body, 

62q: second platy body, 62r: air housing body, 62s: support 

protrusion, 62t: groove, 62u: signal line, 62v: detection 

circuit, 70: movable unit, 70B: bed part, 70C: controlled unit, 
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70a: back section, 70b: upper leg section, 70c: lower leg 

section, 70d: head section, 70g: caster, 70h: height change 

section, 70p: backrest part, 70q: seating face part, 71: 

section, 72: driving unit, 73a: lighting unit, 73b: temperature 

control unit, 74: bed leg part, 75: frame, 76: mattress, 76a: 

air cell, 76b: pump unit, 76c: cable, 76d: mattress 

manipulation unit, 76e: cable, 76f: mattress driving unit, 77a: 

head part, 77b: waist part, 77c: foot part, 81: user, ∆S, ∆S1, 

∆S2: variation, ∆t12: elapse of time, θ: section angle, θ1 and 

θ2: first to third angles, 160: control device, 310, 320, 330, 

340: motorized furniture, D1, D2, D3: time, Dc0, Dc1, Dc2, Dc3: 

judgment operation, H1, HR: height, HS0: falling asleep 

detection operation, HS1, HS2: first and second falling asleep 

operations, M01: falling asleep mode, OP1 to OP3: first to third 

operations, Ops: falling asleep operation, SC: control signal, 

SM: signal, SS: signal, Tm: temperature, mt1, mt2: first and 

second mattress states; p_(M-1): prior period, p_M: period, 

p10, p20, p30: first to third periods, p11, p21, p31: first 

to third periods, st1, st2: first and second signal states, 

t01: first time, t02: second time, t1: time, tm: time, ts: time, 

tt: time. 

[0229] 

 The embodiments may include the following configuration 

(e.g. technique) ideas, for example. 

 (Configuration 1) 
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 A motorized furniture including a control unit, in which  

 the control unit transitions to a first falling asleep 

operation at second time where the elapse of time since first 

time, where the sleep of a user of the motorized furniture is 

detected, is equal to or larger than a first time threshold,  

 the control unit performs a second falling asleep 

operation when a variation of a signal corresponding to a 

biological signal of the user in a first period during the first 

falling asleep operation is smaller than the variation in a 

first prior period, which exists prior to the first period, 

during the first falling asleep operation or when the absolute 

value of a difference between the variation in the first period 

and the variation in the first prior period is smaller than 

a first variation threshold, and  

 in the second falling asleep operation, the control unit 

performs at least one of: an operation of decreasing the 

inclination of a section of the motorized furniture; an 

operation of decreasing the gap between the height of a head 

part of a mattress of the motorized furniture and the height 

of a waist part of the mattress; and an operation of decreasing 

the difference between the pressure in the head part and the 

pressure in the waist part. 

[0230] 

 (Configuration 2) 

 A motorized furniture including a control unit, in which  
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 the control unit transitions to a first falling asleep 

operation at second time after first time where the sleep of 

a user of the motorized furniture is detected, the state of 

the sleep of the user at the second time satisfies at least 

one of a first condition and a second condition, the first 

condition is that the elapse of time from the first time to 

the second time is equal to or larger than a first time threshold, 

the second condition is satisfied when the absolute value of 

a difference between variations of a signal, corresponding to 

a biological signal of the user, in two successive periods 

between the first time and the second time is smaller than a 

threshold of the second condition,  

 the control unit performs a second falling asleep 

operation when the variation in a first period during the first 

falling asleep operation is smaller than the variation in a 

period prior to the first period or when the absolute value 

of a difference between the variation in the first period and 

the variation in the prior period is smaller than a first 

variation threshold, and  

 in the second falling asleep operation, the control unit 

performs at least one of: an operation of decreasing the 

inclination of a section of the motorized furniture; an 

operation of decreasing the gap between the height of a head 

part of a mattress of the motorized furniture and the height 

of a waist part of the mattress; and an operation of decreasing 
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the difference between the pressure in the head part and the 

pressure in the waist part. 

[0231] 

 (Configuration 3) 

 The motorized furniture described in the configuration 

2, in which the prior period exists during the first falling 

asleep operation. 

[0232] 

 (Configuration 4) 

 The motorized furniture described in the configuration 

2, in which the prior period exists between the first time and 

the second time. 

[0233] 

 (Configuration 5) 

 The motorized furniture described in any one of the 

configurations 1 to 4, in which the control unit iterates the 

first falling asleep operation and the second falling asleep 

operation. 

[0234] 

 (Configuration 6) 

 The motorized furniture described in any one of the 

configurations 1 to 5, in which  

 in the second falling asleep operation, the control unit 

performs the operation of decreasing the inclination of the 

section of the motorized furniture, and  
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 the difference between the angle of the section after 

the decrease of inclination and the angle of the section in 

a period prior to the decrease of inclination is 1 degree or 

smaller. 

[0235] 

 (Configuration 7) 

 The motorized furniture described in any one of the 

configurations 1 to 6, in which  

 the motorized furniture further includes a manipulation 

reception unit that is capable of communicating with the 

control unit, and  

 once the manipulation reception unit receives 

manipulation, the control unit starts detecting the sleep of 

the user. 

[0236] 

 (Configuration 8) 

 The motorized furniture described in any one of the 

configurations 1 to 6, in which the control unit starts 

detecting the sleep of the user at preset time. 

[0237] 

 (Configuration 9) 

 The motorized furniture described in any one of the 

configurations 1 to 8, in which the control unit finishes the 

first falling asleep operation if at least one of states where 

the user wakes up and the user is away from the bed continues 
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for a second time threshold or longer. 

[0238] 

 (Configuration 10) 

 The motorized furniture described in any one of the 

configurations 1 to 8, in which the control unit finishes the 

second falling asleep operation if at least one of states where 

the user wakes up and the user is away from the bed continues 

for a second time threshold or longer. 

[0239] 

 (Configuration 11) 

 The motorized furniture described in any one of the 

configurations 1 to 8, in which the control unit finishes 

detecting the sleep of the user if at least one of states where 

the user wakes up and the user is away from the bed continues 

for a second time threshold or longer. 

[0240] 

 (Configuration 12) 

 The motorized furniture described in any one of the 

configurations 1 to 11, in which the length of the first period 

is equal to or longer than 10 seconds and equal to or shorter 

than 5 minutes. 

[0241] 

 (Configuration 13) 

 The motorized furniture described in any one of the 

configurations 1 to 12, in which the first time threshold is 
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equal to or longer than 5 minutes and equal to or shorter than 

30 minutes. 

[0242] 

 (Configuration 14) 

 The motorized furniture described in any one of the 

configurations 1 to 13, in which the signal includes 

information on the heartbeat rate of the user. 

[0243] 

 (Configuration 15) 

 The motorized furniture described in any one of the 

configurations 1 to 13, in which the signal includes 

information on the respiratory rate of the user. 

[0244] 

 (Configuration 16) 

 The motorized furniture described in any one of the 

configurations 1 to 13, in which the signal includes 

information on at least one of motions of the arms, torso, and 

feet of the user. 

[0245] 

 (Configuration 17) 

 The motorized furniture described in any one of the 

configurations 1 to 13, in which the signal includes 

information on the rolling over of the user. 

[0246] 

 (Configuration 18) 



96 

 The motorized furniture described in the configuration 

1, in which, in the first falling asleep operation, the control 

unit does not perform the second falling asleep operation if 

the absolute value is equal to or larger than the first 

variation threshold. 

[0247] 

 (Configuration 19) 

 The motorized furniture described in the configuration 

1, in which the control unit does not perform the second falling 

asleep operation if the variation in the first period during 

the first falling asleep operation is smaller than the 

variation in the first prior period. 

[0248] 

 (Configuration 20) 

 The motorized furniture described in any one of the 

configurations 1 to 19, in which  

 after the first falling asleep operation and the second 

falling asleep operation, the signal includes a first signal 

state and a second signal state,  

 the variation of the signal in the second signal state 

is smaller than the variation of the signal in the first signal 

state, and  

 when the signal becomes the first signal state at the 

time before and closest to predetermined time, the control unit 

sets the inclination of the section larger than the inclination 
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increased. 

[0249] 

 According to the embodiments, it is possible to provide 

a motorized furniture capable of facilitating ease of use. 

[0250] 

 The embodiments of the present invention have been 

described above with reference to the specific examples.  

However, the present invention is not limited to these specific 

examples.  For example, any specific configuration of the 

constituents, such as the control unit, the acquisition unit, 

the movable unit, the section, and the mattress, included in 

the motorized furniture falls within the scope of the present 

invention as long as such a configuration is selected 

appropriately by those skilled in the art within a known range 

and can implement the present invention in the same way as those 

in the specific examples and bring about the same effect as 

those in the specific examples. 

[0251] 

 Any combination of any two or more constituents of the 

specific examples that are combined within a technically 

possible range also falls within the scope of the present 

invention as long as such a combination includes the essence 

of the present invention. 

[0252] 

 In addition, any motorized furniture that those skilled 
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in the art can embody by appropriately changing the design of 

the motorized furniture described above in the embodiments of 

the present invention also falls within the scope of the present 

invention as long as such a motorized furniture includes the 

essence of the present invention. 

[0253] 

 Besides, those skilled in the art can conceive of various 

change examples and modification examples within the concept 

of the present invention, and such change examples and 

modification examples are also deemed to fall within the scope 

of the present invention. 
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Claims 

[Claim 1] 

 A motorized furniture comprising a control unit, 

wherein  

 the control unit transitions to a first falling asleep 

operation at second time where an elapse of time since first 

time, where sleep of a user of the motorized furniture is 

detected, is equal to or larger than a first time threshold,  

 the control unit performs a second falling asleep 

operation when a variation of a signal corresponding to a 

biological signal of the user in a first period during the first 

falling asleep operation is smaller than the variation in a 

first prior period, which exists prior to the first period, 

during the first falling asleep operation or when the absolute 

value of a difference between the variation in the first period 

and the variation in the first prior period is smaller than 

a first variation threshold, and  

 in the second falling asleep operation, the control unit 

performs at least one of: an operation of decreasing an 

inclination of a section of the motorized furniture; an 

operation of decreasing a gap between a height of a head part 

of a mattress of the motorized furniture and a height of a waist 

part of the mattress; and an operation of decreasing a 

difference between a pressure in the head part and a pressure 

in the waist part. 
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[Claim 2] 

 The motorized furniture according to claim 1, wherein 

the control unit iterates the first falling asleep operation 

and the second falling asleep operation. 

[Claim 3] 

 The motorized furniture according to claim 1, wherein  

 in the second falling asleep operation, the control unit 

performs the operation of decreasing the inclination of the 

section of the motorized furniture, and  

 a difference between an angle of the section after the 

decrease of inclination and an angle of the section in a period 

prior to the decrease of inclination is 1 degree or smaller. 

[Claim 4] 

 The motorized furniture according to claim 1, wherein  

 the motorized furniture further comprises a 

manipulation reception unit that is capable of communicating 

with the control unit, and  

 once the manipulation reception unit receives 

manipulation, the control unit starts detecting the sleep of 

the user. 

[Claim 5] 

 The motorized furniture described in claim 1, wherein 

the control unit starts detecting the sleep of the user at 

preset time. 

[Claim 6] 



101 

 The motorized furniture according to claim 1, wherein 

the control unit finishes the first falling asleep operation 

if at least one of states where the user wakes up and the user 

is away from a bed continues for a second time threshold or 

longer. 

[Claim 7] 

 The motorized furniture according to claim 1, wherein 

the control unit finishes the second falling asleep operation 

if at least one of states where the user wakes up and the user 

is away from a bed continues for a second time threshold or 

longer. 

[Claim 8] 

 The motorized furniture according to claim1, wherein 

the control unit finishes detecting the sleep of the user if 

at least one of states where the user wakes up and the user 

is away from a bed continues for a second time threshold or 

longer. 

[Claim 9] 

 The motorized furniture according to claim 1, wherein 

a length of the first period is equal to or longer than 10 seconds 

and equal to or shorter than 5 minutes. 

[Claim 10] 

 The motorized furniture according to claim 1, wherein 

the first time threshold is equal to or longer than 5 minutes 

and equal to or shorter than 30 minutes. 
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[Claim 11] 

 The motorized furniture according to claim 1, wherein 

the signal includes information on a heartbeat rate of the user. 

[Claim 12] 

 The motorized furniture according to claim 1, wherein 

the signal includes information on a respiratory rate of the 

user. 

[Claim 13] 

 The motorized furniture according to claim 1, wherein 

the signal includes information on at least one of motions of 

arms, torso, and feet of the user. 

[Claim 14] 

 The motorized furniture according to claim 1, wherein 

the signal includes information on rolling over of the user. 

[Claim 15] 

 The motorized furniture according to claim 1, wherein, 

in the first falling asleep operation, the control unit does 

not perform the second falling asleep operation if the absolute 

value is equal to or larger than the first variation threshold. 

[Claim 16] 

 The motorized furniture according to claim 1, wherein 

the control unit does not perform the second falling asleep 

operation if the variation in the first period during the first 

falling asleep operation is smaller than the variation in the 

first prior period. 
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[Claim 17] 

 The motorized furniture according to claim 1, wherein  

 after the first falling asleep operation and the second 

falling asleep operation, the signal includes a first signal 

state and a second signal state,  

 the variation of the signal in the second signal state 

is smaller than the variation of the signal in the first signal 

state, and  

 when the signal becomes the first signal state at the 

time before and closest to predetermined time, the control unit 

sets the inclination of the section larger than the inclination 

increased. 


