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(54) MODULAR ROCKING BED WITH PROGRAMMABLE CONTROL

(57) A modular rocking device (10) which can be
used in conjunction with an existing bed or cot (9), without
structural alteration of the same, to enable the later to be
rocked. The modular rocking device (10) comprises two
motion imparting legs (1, 3), two passive legs (2), two
pairs of connecting rods (4, 5) and a motion and commu-
nication control unit (6). The oscillatory motion is gener-
ated within the supporting legs (1, 3) in a horizontal plane
using an actuator mechanism which comprise a worm
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gear reducer (1.2, 1.4), or a timing pulley gear reducer
(3.7, 3.12, 3.13). Motion sensors (7, 16), temperature,
heart rate, blood pressure sensors (12), brain activity
sensors (15), and weight sensors (2.40) detect the user
presence and sleep status, and activate the rocking mo-
tion using an automated method. The motion parameters
are user configurable through a control panel (6), or re-
motely from a terminal (13) connected to a data commu-
nication network (11).
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Description
Field of the Invention

[0001] This invention relates to rocking mechanisms
for beds, cribs, and the like, and more particularly to an
apparatus and a method of controlling the same, which
imparts an oscillatory movement in a horizontal plane.
[0002] The invention also relates to a device for auto-
matically moving at least one piece of furniture, wherein
the device is connected in a detachable manner to the
piece of furniture.

[0003] The presentinvention uses modular supporting
legs which can be readily attached to a standard bed
frame without altering the last. Furthermore, specifically
to the object of the invention, the bed oscillatory motion
is generated within the supporting legs.

[0004] The oscillatory motion may be activated, deac-
tivated and parameterized based on the user sleep status
in an automated manner using motion, temperature,
heart rate, blood pressure, brain activity and weight sen-
sors. The oscillatory motion characteristics are also user
configurable through a control panel, or remotely from a
terminal connected to a data communication network.

Description of Prior Art

[0005] It is well known that a slow oscillatory motion
applied to a bed for adults or babies induces sleep, and
a calming effect as well. A rocking or swinging bed may
also help those with sleep disorders to achieve a full night
sleep without the need of using medication.

[0006] The rocking beds main technical problem is the
size and complexity of the device which produces the
oscillatory motion. Many of the known devices require a
special construction which imply large production costs
and storage space.

[0007] Nevertheless, most of the rocking beds repli-
cate the gentle swaying of a boat at sea, either through
the means of a slow oscillatory mechanism or inducing
a vibration.

[0008] The patent US3934283 uses two vibrator mo-
tors which are attached to opposite rail portions of the
bed frame. This has the disadvantage of inducing the
vibration to the whole bed structure including the legs
and implicitly also the floor. This is prone to quick me-
chanical wear, which is not the case of the present in-
vention that has the advantage of inducing the oscillatory
motion through an actuator mechanism which decouples
the fixed supporting structure which lies on the floor from
the moving apparatus which connects to the bed frame.
[0009] The patents US8856982 and TWM360624
have the advantage of a large degree of movement but
imply a very large and complex mechanical structure.
Similarly, the patent US2007094792 uses two support
structures which have the disadvantage of being large
and heavy. The proposed invention has the advantage
of a small hardware footprint which can be easily stored
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and shipped at low costs, by the means of a medium size
parcel.

[0010] Some of the rocking devices for babies have
the disadvantage of being applicable only to some par-
ticular types of cots, and assume that the cots have spe-
cific legs shape. This is the case of patents EP1900311,
US4793010 and W0O2005084497 which assume thatthe
cot legs would fit inside the rocking apparatus. The pro-
posed invention has the advantage of being applicable
also to any baby cot legs shape and size, by proposing
ageneric leg holder mechanism. Furthermore, unlike the
proposed invention, the technical solutions adopted by
these three existing patents are not suitable for the weight
and size of an adult rocking bed.

[0011] The object of the present invention is achieved
by the rocking apparatus with the features of Claim 1, 3,
8, and the motion control method with the features of
Claim 9.

Summary of the Invention

[0012] Accordingly, a primary object of the present in-
vention is to provide a modular rocking apparatus, com-
prising of a support structure, which include four support-
ing legs, atleast one of supporting legs including or being
associated with a motion imparting mechanism.

[0013] The leg with a motion imparting mechanism
contains a support structure, an electric motor, a gear
reducer coupled to the motor, a leadscrew rod which is
coupled to the gear reducer, a moving block which con-
tains a screw nut in which the leadscrew rod is accom-
modated, two guiding rods on which the moving block
slides mounted on linear bearings, a frame supporting
structure which is mounted on the moving block, a dec-
orative housing, and a linkage assembly which is mount-
ed on top of the decorative housing. The linkage assem-
bly may be adjusted against the decorative housing in
order to accommodate any bed frame shape and bed
linkage mechanism. The motion is imparted by the as-
sembly of the electric motor, gear reducer and leadscrew
rod which form an actuator mechanism, and which trans-
forms the electric motor rotation motion into a linear mo-
tion.

[0014] The modular rocking apparatus may also use
passive legs. The term "passive leg" as used throughout
the specification imply any form of supporting structure
which doesn’t include a motion imparting mechanism,
and which facilitates the continuation of the motion im-
parted by the motion imparting leg. The passive leg con-
tains a support structure, a motion blocking mechanism
which disables the leg free motion before the installation,
a moving block which is coupled to the motion blocking
mechanism, two guiding rods on which the moving block
slides mounted on linear bearings, a frame supporting
structure which is mounted on the moving block, a dec-
orative housing, and a linkage assembly which is mount-
ed on top of the decorative housing. The linkage assem-
bly may be adjusted against the frame decorative hous-
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ing in order to accommodate any bed frame shape, and
bed linkage mechanism.

[0015] In a preferred form of the modular rocking ap-
paratus, two legs include or are associated with motion
imparting means, and two legs are passive. Each motion
imparting leg may be connected to a passive leg through
one or more connectingrods. Therods are made of small-
er segments with screws and nuts endings, which could
accommodate several joints to form a variable length rod.
This approach has the advantage that the variable length
rods could fit any bed width. One of the rods is connected
to the lower leg supporting structure which resides on
the floor and the other rod is connected to the higher part
of the leg which moves in an oscillatory manner. This
mechanism that uses rods to transmit the rocking motion
force from the motion imparting leg to a passive leg keeps
the legs aligned and reduce the force which is applied to
the bed frame. The rods are optional provided that the
bed frame could handle the force generated by the motion
imparting legs towards the passive legs, and the passive
leg bases are not misaligned accidentally by the user
during operation.

[0016] Advantageously, due to the modular nature of
the proposed apparatus, the lastis applicable to any adult
or child bed size and shape. In the case of large and
heavy beds which require larger rocking forces, all the
legs could be motion imparting legs. In this case it is not
necessary to use the connecting rods between the legs,
as all the legs impart a synchronous motion, which is
synchronized electronically by the electric motor drivers
and the motion control unit.

[0017] The motion imparted to the bed is an oscillating
or reciprocating motion.

[0018] In order to achieve the objective mentioned
above, the present invention provides an apparatus
which comprise an electric motor driver for each electric
motor, a microcontroller unit which synchronizes further
all the electric motor drivers, and a pair of switches inside
each leg which detect the end of the oscillatory motion
path. These switches are triggered at the end of the mo-
tion path, and they command the rotation sense for all
the motion imparting motors in a synchronous manner.
[0019] As will be more particularly described below,
the present invention provides a method for controlling
the rocking bed apparatus activation, deactivation and
motion parameters. The method comprises: firstly, the
method determines whether the user lies down on the
bed by the means of a weight sensor and at least one
motion detector sensor, and secondly it sets the user
desired rocking motion characteristics by the means of
the apparatus control panel settings, or remotely from
the settings at a terminal through a wireless or wired data
network, or based on parameters derived from sensors
which monitor the user temperature, heart rate, blood
pressure and brain activity. The displacement of the rock-
ing motion may be changed based on configuration com-
mands which contain and are notlimited to motion speed,
rocking duration after the user falls asleep, and the total
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desired sleep duration after which the rocking motion is
disabled.

[0020] Another advantage and feature of the invention
is the possibility to monitor remotely the user through the
means of information provided by motion, temperature,
heart rate, blood pressure and brain activity sensors. This
could be applicable for monitoring infants, patients in hos-
pitals, or elderly people in care homes.

[0021] Further benefits and advantages of the present
invention will become apparent after a careful reading of
the detailed description with appropriate reference to the
accompanying drawings.

Brief description of drawings

[0022] Thefeaturesofthe invention believedto be nov-
el are set forth with particularity in the appended claims.
The invention itself, however, may be best understood
by reference to the following detailed description of the
invention, which describes an exemplary embodiment of
the invention, taken in conjunction with the accompany-
ing drawings, in which:

Fig. 1 is a perspective view of the rocking apparatus
in accordance with the preferred embodiment of the
present invention.

Fig. 2 is a perspective view of a bed mounted on the
rocking apparatus in accordance with the preferred
embodiment of the present invention.

Fig. 3 is a perspective view of a transparent bed
mounted on the rocking apparatus in accordance
with the preferred embodiment of the present inven-
tion.

Fig. 4 is a perspective view of the rocking apparatus
in accordance with the second embodiment of the
present invention.

Fig. 5 is a perspective view of the preferred embod-
iment of the motion imparting leg.

Fig. 6 is a perspective view of the preferred embod-
iment of the motion imparting leg, without the linkage
assembly and the decorative housing.

Fig. 7 is a perspective internal view of the preferred
embodiment of the motion imparting leg.

Fig. 8 is a further internal view of the preferred em-
bodiment of the motion imparting leg.

Fig. 9 is a side view of the preferred embodiment of
the motion imparting leg.

Fig. 10 is a perspective section view of the preferred
embodiment of the motion imparting leg.
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Fig. 11is a perspective view of a supporting structure
for holding an existing bed leg to be used in conjunc-
tion to the presentinvention motion imparting or pas-
sive leg.

Fig. 12 is a perspective view of a second embodiment
of the linkage assembly for the motion imparting leg.

Fig. 13 is a perspective view of the preferred embod-
iment of the passive leg.

Fig. 14 is a perspective view of the preferred embod-
iment of the passive leg, without the linkage assem-
bly and the decorative housing.

Fig. 15is a perspective internal view of the preferred
embodiment of the passive leg.

Fig. 16 is a further internal view of the preferred em-
bodiment of the passive leg.

Fig. 17 is a side view of the preferred embodiment
of the passive leg.

Fig. 18 is a perspective section view of the preferred
embodiment of the passive leg.

Fig. 19 is a perspective internal view of the passive
leg which includes the weight sensor.

Fig. 20 is a transparent internal view of the passive
leg which includes the weight sensor.

Fig. 21 is a perspective view of the second embod-
iment of the motion imparting leg.

Fig. 22 is a perspective view of the second embod-
iment of the motion imparting leg, without the linkage
assembly and the decorative housing.

Fig. 23 is a perspective internal view of the second
embodiment of the motion imparting leg.

Fig. 24 is a further internal view of the second em-
bodiment of the motion imparting leg.

Fig. 25 is a side view of the second embodiment of
the motion imparting leg.

Fig. 26 is a perspective section view of the second
embodiment of the motion imparting leg.

Fig. 27 is an electrical block schematic of the pre-
ferred embodiment for the modular rocking bed sys-
tem.

Fig. 28 is an electrical block schematic of the second
embodiment for the modular rocking bed system.
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Fig. 29 is a flowchart of the rocking bed motion state
machine.

Detailed Description of the Invention

[0023] Incooperationwith attached drawings, the tech-
nical contents and detailed description of the present in-
vention are described thereinafter according to a prefer-
able embodiment, being not used to limit its executive
scope. Any equivalent variation and modification made
according to appended claims is all covered by the claims
claimed by the present invention.

[0024] Referring to the drawings and initially to Figs.
1-3, a rocking apparatus 10 for a bed 9 in accordance
with the preferred embodiment of the present invention
comprises two motion imparting legs 1, two passive legs
2, two pairs of rods which comprise multiple connected
segments 4 and 5, a motion and communication control
unit 6, two motion sensors 7, and the electric wires 8
which connect the motion imparting legs 1 and passive
legs 2 to the motion and communication control unit 6.
The last communicates with a data network 11 and other
connected devices which are further described in relation
to Fig. 27.

[0025] As illustrated in the Fig. 1 the motion imparting
leg 1includes aflatbase 1.21, a decorative housing 1.24,
and a linkage assembly 1.20 that is used for securing the
bed frame to the motion imparting leg 1. The passive leg
2includes aflatbase 2.1, a decorative housing 2.13, and
alinkage assembly 2.10 that is used for securing the bed
frame to the passive leg 2. Each motion imparting leg 1
is connected to a passive leg 2 through two rods that
include alternated segments which are ended on both
ends with nuts 4, and segments ended on both ends with
screws 5, that are screwed into each other in order to
form any desired length, in accordance with any bed
width. The segments 4 and 5 are secured and tightened
together by the nuts 4.1. One of the rod assemblies keeps
the lower part of the motion imparting legs base 1.21
equally spaced and aligned to the passive leg lower part
2.1. The other rod assembly keeps the motion imparting
legs decorative housing 1.24 along with the upper moving
mechanism, equally spaced and aligned to the passive
leg upper moving mechanism and decorative housing
2.13. The rods coupling to the legs will become apparent
from the following descriptions of Fig 5-10, 13-18, and
21-26.

[0026] ReferringtothedrawingintheFig.4,itdiscloses
the second embodiment of the present invention which
is the rocking apparatus 10 that comprises four motion
imparting legs 1, a motion and communication control
unit 6, two motion sensors 7, and the electric wires 8
which connect the motion imparting legs 1 to the motion
and communication control unit 6. The last communi-
cates with a data network 11 and other connected devic-
es which are further described in relation to Fig. 28. Given
that in this embodiment all the legs 1 contain a motion
imparting mechanism, there is no need for connecting
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rods in between the legs 1, as all the last impart synchro-
nously a rocking motion to the bed. The rocking appara-
tus 10 may use either the motion imparting legs 1 or 3.
[0027] Referring to the drawings in Fig. 5-10, the mo-
tion imparting leg 1 comprises a flat base 1.21 which is
welded to a rectangular pipe 1.12, that accommodates
internally the motion imparting actuator and a supportive
structure. The motion imparting mechanism comprise an
electric motor 1.1 which is mounted on a U shape support
structure 1.11, a worm gear reducer which includes a
worm 1.2 mounted on the motor 1.1 shaft and a toothed
wheel 1.4 mounted on the shaft of the leadscrew rod 1.5.
The worm 1.2 is secured on the motor shaft by the screw
1.3, and the toothed wheel 1.4 is secured to the shaft of
the leadscrew rod 1.5, by the screw 1.6. The leadscrew
rod 1.5 is supported at both ends by the bearings 1.7 and
1.15. These bearings are accommodated and secured
by the U shape support structure 1.11. The leadscrew
rod 1.5 is supported as well by the bearing 1.7 which is
mounted on the side of the worm gear housing 1.14. The
motion is imparted in a horizontal plane along the axis of
the two supporting rods 1.10, by the transformation of
the rotary motion of the leadscrew rod 1.5 into a linear
motion induced to the moving block 1.8. The moving
block 1.8 includes a nut threading which accommodates
the leadscrew rod 1.5, two cylindrical housings for the
linear bearings 1.9, and six threaded holes which accom-
modate the screws 1.32, 1.33 and 1.3 8. The linear bear-
ings 1.9 slide along with the moving block 1.8 on the two
supporting rods 1.10, in accordance with the motion in-
duced by the rotation of the leadscrew rod 1.5. The sup-
porting rods 1.10 are fastened on both sides against the
U shape support structure 1.11 and the leg rectangular
pipe 1.12 by the screws 1.13. The end of the oscillatory
motion path is detected electronically by the means of
two switches "single-pole, single-throw" (on or off) 1.22
which are mounted on the U shape support structure
1.11. On the lower side of the moving block 1.8 there are
two perpendicular flat boards 1.23 arranged on opposite
sides, that trigger the switches 1.22 when the moving
block 1.8 reaches either end of the motion path. The
switches 1.22 may be used only for the first round that
the rocking apparatus imparts an oscillating motion. The
subsequent oscillating motions don’'t need to use the
switches 1.22 to detect the end of the movement path,
as the control logic of the motion control unit 6 (Fig. 1)
stores in its memory the location of the switches 1.22.
More information regarding the switches logic will be in-
cluded further down in the motion control and communi-
cation unit 6 description.

[0028] The motor 1.1 electric cables and the switches
1.22 electric cables are protected by a housing 1.29
which is mounted on the flat base 1.21. The housing 1.29
shields the electric cables for being tangled by the dec-
orative housing 1.24 when the last moves against the flat
base 1.21.

[0029] The frame supporting structure 1.18 is mounted
on the moving block 1.8 using the screws 1.38 (as seen
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in Fig. 7). The flat sheet 1.19 is welded to the frame sup-
porting structure 1.18 in order to increase the last me-
chanical resistance. The decorative housing 1.24 wraps
and hides the supporting structure 1.18 and the internal
leg mechanism. As shown in Fig 9, there is no physical
contact between the decorative housing 1.24 and the leg
lower side which includes the flat base 1.21, the electric
cables housing 1.29 and the rectangular pipe 1.12.
[0030] Theoscillatory motionisimpartedina horizontal
plane to the moving block 1.8, to the connected support-
ing structure 1.18, to the decorative housing 1.24, to the
linkage assembly 1.20 and to the bolt 1.25. The bolt 1.25
is rigidly mounted on the supporting structure 1.18 and
passes unobstructed through the decorative housing
1.24. The other bolt 1.30 is mounted onto the U shape
supportstructure 1.11 and passes through the frame sup-
porting structure 1.18 and the decorative housing 1.24.
There is no physical contact between the bolt 1.30 and
the frame supporting structure 1.18 and neither the dec-
orative housing 1.24.

[0031] The bolt 1.25 is connected to the leg 1 moving
apparatus, and the bolt 1.30 is connected to the leg 1
static lower part. The legs connecting rods that comprise
rod segments 4 (see Fig. 1) may be screwed into the bolt
1.25 and tightened with the nut4.1. The other connecting
rod is screwed into the bolt 1.30. As mentioned above,
the connection between the motion imparting leg 1 and
the passive leg 2 is done through the connecting rod seg-
ments 4 and 5 which keep the legs mobile and static parts
synchronized.

[0032] The linkage assembly 1.20 is tightened against
the decorative housing 1.24 and the moving block 1.8
using the screws 1.32 and 1.33. The linkage assembly
1.20 comprise two parallel groove cuts which allow to
adjust the linkage assembly 1.20 relative position against
the decorative housing 1.24. By loosening the screws
1.32 and 1.33 the linkage assembly 1.20 may be moved
inwards or outwards the leg’s edge in order to match any
bed frame width.

[0033] Referring to the drawing in Fig. 11, it discloses
ageneric supporting structure for holding an existing bed
9 leg, which could be applicable to a motion imparting
leg or a passive leg. Some beds for adults and children
have preassembled legs which could be mounted (as
shown in Fig. 11) on a supporting structure 1.35 and 1.36.
In this case the supporting structure 1.35 replaces the
existing supporting structure 1.18 (Fig. 6), and 1.36 re-
places 1.19 (Fig. 6). The internal leg mechanism remains
the same and implies that the moving block 1.8 is con-
nected to the supporting structure 1.35 by the screws
1.32 and 1.33. There is no decorative housing in this
apparatus, and the supporting structure 1.35 is welded
to the supporting structure 1.36. The linkage mechanism
accommodates any existing bed leg shape and size, by
the means of an adjustable U shaped holder 1.37 which
immobilize the existing leg against the supporting struc-
ture 1.36. The U shaped holder 1.37 may slide in and out
the leg structure 1.35 and is fastened against the support
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structure 1.35 by four screws 1.34.

[0034] Referring to the drawing in Fig. 12, it discloses
another linkage assembly embodiment 1.39 which could
replace the above mentioned linkage assembly 1.20.
This linkage assembly is applicable to the motion impart-
ing legs 1 and 3, as well to the passive leg 2 and may
connect any of them to bed frames which comprise a
vertical flat surface. The linkage assembly 1.39 is tight-
ened against the decorative housing 1.24 and the moving
block 1.8 using the screws 1.32 and 1.33, in the same
manner as the linkage assemblies 1.20.

[0035] Referring to the drawings in Fig. 13-18, the pas-
sive leg 2 comprises a flat base 2.1 which is connected
to a rectangular pipe 2.2 that accommodates internally
a motion blocking mechanism and a supportive rocking
structure. The connection between the flat base 2.1 and
the rectangular pipe 2.2 comprises the bars 2.3 which
accommodate for each bar 2.3 two buried screws 2.26
into the rectangular pipe 2.2, and one buried screw 2.26
into the flat base 2.1.

[0036] The motion blocking mechanism comprise a U
shape blocker 2.19, a friction pad 2.18 mounted on the
U shape blocker 2.19, two compression springs 2.15 and
2.20 one on each side of the U shape blocker 2.19, and
a spring blocker rod 2.21. The motion blocking mecha-
nism has the role to block the free movement of the mov-
ing block 2.6 and implicitly the whole passive leg moving
structure when the leg 2 is not installed. The U shape bar
2.19 endings pass freely through the flat base 2.1 and
extend beyond the flat base 2.1 lower surface. The U
shape bar 2.19 endings will be pushed upwards when
the leg is installed on a floor flat surface. The springs
2.15 and 2.20 are compressed against the U support
structure 2.30 and the spring blocker rod 2.21. When the
passive leg is not installed, the U shape blocker 2.19 is
pushed downwards in the direction of the flat base 2.1,
which imply that the friction pad 2.18 blocks the moving
block 2.6. After the installation, the U shape blocker 2.19
endings are pushed upwards to the same level as the
flat base 2.1, which remove the contact between the fric-
tion pad 2.18 and the moving block 2.6.

[0037] The moving block 2.6 includes a groove which
accommodates the U shape bar 2.19 along with the fric-
tion pad 2.18, two cylindrical housings for the linear bear-
ings 2.5, and six threaded holes which accommodate the
screws 2.24,2.28,and 2.29. The linear bearings 2.5 slide
along with the moving block 2.6 on the two supporting
rods 2.4. The supporting rods 2.4 are fastened on both
sides against the U shape support structure 2.30 and the
leg rectangular pipe 2.2 by the screws 2.7. The screw
2.25 secures further along with the screws 2.7 and the
screw 2.23, the U shape support structure 2.30 against
the rectangular pipe 2.2. The nut 2.32 screws into the
bolt 2.22 and the nut 2.8 tightens the opposite side of the
U shape support structure 2.30 against the rectangular
pipe 2.2.

[0038] The end of the oscillatory motion path is detect-
ed electronically by the means of two switches "single-
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pole, single-throw" (on or off) 2.11 which are mounted
on the U shape support structure 2.30. On the lower side
of the moving block 2.6 there are two perpendicular flat
boards 2.12 arranged on opposite sides, that trigger the
switches 2.11 when the moving block 2.6 reaches either
end of the motion path. The switches 2.11 may be used
only for the first round when the passive leg 2 starts to
move. The subsequent oscillating motions don’t need to
use the switches 2.11 to detect the end of the movement
path, as the control logic of the motion control unit 6 (Fig.
1) stores in its memory the location of the switches 2.11.
More information regarding the switches logic will be in-
cluded further down in the motion control and communi-
cation unit 6 description. The switches 2.11 electric ca-
bles are protected by a housing 2.17 which is mounted
on the flat base 2.1. The housing 2.17 is secured against
the flat base 2.1 by two screws 2.27. The housing 2.17
shields the electric cables for being tangled by the dec-
orative housing 2.13.

[0039] The frame supporting structure 2.31 (see Fig.
14) is mounted on the moving block 2.6 using the screws
2.24, 2.28, and 2.29. The flat sheet 2.9 is welded to the
frame supporting structure 2.31 in order to increase the
last mechanical resistance. The decorative housing 2.13
wraps and hides the frame supporting structure 2.31 and
the internal leg mechanism. As shown in Fig 17, there is
no physical contact between the decorative housing 2.13
and the leg lower side which includes the flat base 2.1,
the electric cables housing 2.17, and the rectangular pipe
2.2.

[0040] The oscillatory motion is transmitted from the
motion imparting leg 1 or 3 to the passive leg 2 through
the connecting rod segments 4 and 5 and further through
the passive leg bolt 2.14. The motion is imparted further
to the supporting structure 2.31, linkage assembly 2.10,
the decorative housing 2.13, and the moving block 2.6.
The bolt 2.16 is rigidly mounted on the frame supporting
structure 2.31 and passes through the decorative hous-
ing 2.13. The bolt 2.22 is mounted onto the U shape sup-
port structure 2.22 using the nuts 2.23, 2.32 and passes
unobstructed through the frame supporting structure
2.31 and the decorative housing 2.13. There is no phys-
ical contact between the bolt 2.21 and the frame support-
ing structure 2.31, and neither the decorative housing
2.13.

[0041] The bolt 2.14 is connected to the leg 2 moving
apparatus, and the bolt 2.22 is connected to the leg 2
static supporting structure. One of the legs connecting
rods that comprise the rod segment 4 (see Fig. 1) may
be screwed into the bolt 2.14 and tightened with the nut
4.1. The other connecting rod is screwed into the bolt
2.22. As mentioned above, the connection between the
motion imparting leg 1 or 3 and the passive leg 2 is done
through the connecting rod segments 4 and 5 which keep
the legs mobile and static parts equally spaced and syn-
chronized.

[0042] The linkage assembly 2.10 is tightened against
the decorative housing 2.13 and the moving block 2.6
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using the screws 2.28 and 2.29. The linkage assembly
2.10 comprise two parallel groove cuts which allow to
adjustthe linkage assembly 2.10 relative position against
the decorative housing 2.13. By loosening the screws
2.28 and 2.29 the linkage assembly 2.10 may be moved
inwards or outwards the leg’s edge in order to match any
bed frame width.

[0043] Referring to the drawing in Fig. 19-20, they dis-
close a weight sensor, which comprises a flat polymer
surface 2.40 which has the property of changing the elec-
trical resistivity in function of the force which is applied
to the polymer surface. The electrical resistivity is mon-
itored by the motion control and communication unit 6,
as indicated in Fig. 27-28. The last monitors the resistivity
differential value over time, and by this mean tracks
whether the user lies or not in the bed. The term "weight
sensor" as used throughout the specification implies an
apparatus to detect the bed weight and comprise a pol-
ymer flat surface 2.40 mounted between the flat base 2.1
and an additional flat plate 2.34. The rectangular pipe
2.2 is mounted on top of the flat plate 2.34. The flat base
2.1, the flat polymer surface 2.40 and the flat plate 2.34
are tightened together using four screws 2.35. The weight
sensor apparatus as described above is applicable as
well to the motion imparting legs 1 or 3, if the rocking
apparatus doesn’tcomprise passive legs, asitisthe case
of the embodiment disclosed in Fig. 4.

[0044] Referring to the drawings in Figs. 21-26, there
is illustrated an alternative motion imparting leg 3, which
is similar to the leg 1 of Fig 5-12, with the exception of
the actuator mechanism which uses a timing pulley gear
reducer. The motion imparting leg 3 comprises aflatbase
3.1 which is connected to a rectangular pipe 3.2, that
accommodates internally the motion imparting actuator
mechanism and a motion supportive structure. The con-
nection between the flat base 3.1 and the rectangular
pipe 3.2 comprises the bars 3.3 which accommodate for
each bar 3.3 two buried screws 3.31 into the rectangular
pipe 3.2, and one buried screw 3.31 into the flat base
3.1. The motion imparting mechanism comprise an elec-
tric motor 3.6 which is mounted on a L shape support
structure 3.5, atiming pulley gear reducer which includes
a timing pulley 3.7 mounted on the motor 3.6 shaft, a
timing belt 3.13, and a second timing pulley 3.12 mounted
on the shaft of the leadscrew rod 3.11. The timing pulley
3.7 is secured on the motor shaft by the screw 3.41, and
a second timing pulley 3.12 is secured to the shaft of the
leadscrew rod 3.11, by the screw 3.28. The motor 3.6 is
mounted using four screws 3.30 on the L shape support
structure 3.5 which is mounted on the flat base 3.1 using
four screws 3.33, four nuts 3.35 and four washers 3.46.
The L shape support structure 3.5 lies between two layers
of rubber 3.4, one underneath rubber layer 3.4 that re-
duces the motor 3.6 vibration towards the flat base 3.1,
and an upper rubber layer 3.4 which reduces the motor
3.6 vibration towards the four washers 3.46, the screws
3.33, and the four nuts 3.35.

[0045] The leadscrew rod 3.11 is supported at both
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ends by the bearings 3.43. These bearings are accom-
modated and secured by the U shape support structure
3.42. The motion is imparted in a horizontal plane along
the axis of the two supporting rods 3.8, by the transfor-
mation of the rotary motion of the leadscrew rod 3.11 into
a linear motion induced to the moving block 3.10. The
moving block 3.10 includes a nut threading which accom-
modates the leadscrewrod 3.11, two cylindrical housings
for the linear bearings 3.9, and seven threaded holes
which accommodate the screws 3.27, 3.36, 3.37 and
3.45. The linear bearings 3.9 slide along with the moving
block 3.10 on the two supporting rods 3.8, in accordance
with the motion induced by the leadscrew rod 3.11. The
supporting rods 3.8 are fastened on both sides against
the U shape support structure 3.42 and the leg rectan-
gular pipe 3.2 by the screws 3.14. The L shape support
structure 3.40 supports as well the rods 3.8, and the first
is connected to the U shape support structure 3.42
through the screws 3.38. The leadscrew rod 3.11 passes
unobstructed through the L shape support structure 3.40.
[0046] The end of the oscillatory motion path is detect-
ed electronically by the means of two switches "single-
pole, single-throw" (on or off) 3.18 which are mounted
on the U shape support structure 3.42. On the lower side
of the moving block 3.10 there are two perpendicular flat
boards 3.19 arranged on opposite sides, that trigger the
switches 3.18 when the moving block 3.10 reaches either
end of the motion path. The switches 3.18 may be used
only for the first round that the rocking apparatus imparts
an oscillating motion. The subsequent oscillating motions
don’t need to use the switches 3.18 to detect the end of
the movement path, as the control logic of the motion
control unit 6 (Fig. 1) stores in its memory the location of
the switches 3.18. More information regarding the switch-
es logic will be included further down in the motion control
and communication unit 6 description.

[0047] The motor 3.6 electric cables and the switches
3.18 electric cables are protected by a housing 3.24 (Fig.
21) which is mounted on the flat base 3.1. The housing
3.24 is secured againstthe flat base 3.1 using two screws
3.32, and shields the electric cables against being tan-
gled by the decorative housing 3.20.

[0048] The frame supporting structure 3.39 is mounted
on the moving block 3.10 using the screws 3.27, 3.36,
3.37 and 3.45. The flat sheet 3.16 is welded to the frame
supporting structure 3.39 in order to increase the last
mechanical resistance. The decorative housing 3.20
wraps and hides the frame supporting structure 3.39 and
the internal leg mechanism. As shown in Fig 25, there is
no physical contact between the decorative housing 3.20
and the leg lower side which includes the flat base 3.1,
the electric cables housing 3.24, and the rectangular pipe
3.2,

[0049] Theoscillatory motionisimpartedin a horizontal
plane to the moving block 3.10, to the connected sup-
porting structure 3.39, to the decorative housing 3.20, to
the linkage assembly 3.17 and to the bolt 3.21. The bolt
3.21 is rigidly mounted on the frame supporting structure
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3.39 and passes through the decorative housing 3.20.
The bolt 3.25 is mounted onto the U shape support struc-
ture 3.42 using the nut 3.26 and passes unobstructed
through the frame supporting structure 3.39 and the dec-
orative housing 3.20. There is no physical contact be-
tween the bolt 3.25 and the frame supporting structure
3.39, and neither the decorative housing 3.20.

[0050] The bolt 3.21 is connected to the leg 3 moving
apparatus and the bolt 3.25 is connected to the leg 3
static structure. One of the legs connecting rods that com-
prise the rod segment 4 (see Fig. 1) may be screwed into
the bolt 3.21 and tightened with the nut 4.1. The other
connecting rod is screwed into the bolt 3.25. As men-
tioned above, the connection between the motionimpart-
ing leg 3 and the passive leg 2 is done through connecting
rod segments 4 and 5, which keep the legs mobile and
static parts synchronized.

[0051] Thelinkage assembly 3.17 (Fig.21)istightened
against the decorative housing 3.20 and the moving block
3.10 using the screws 3.36 and 3.37. The linkage assem-
bly 3.17 comprise two parallel groove cuts which allow
to adjust the linkage assembly 3.17 relative position
against the decorative housing 3.20. By loosening the
screws 3.36 and 3.37 the linkage assembly 3.17 may be
moved inwards or outwards the leg’s edge in order to
match any bed frame width.

[0052] The motionimparting leg 3 may replace the mo-
tion imparting leg 1 in any of the present invention em-
bodiments.

[0053] Referring to the drawing in Fig. 27, it shows the
electrical block schematic of the preferred embodiment
of the modular rocking bed system. The last corresponds
to the apparatus disclosed in the Figs. 1-3 and comprises
two motion imparting legs 1, two passive legs 2, the mo-
tion control and communication unit 6, a data communi-
cation network 11, motion sensors 7, 16, a weight sensor
2.40, a passive infrared sensor (PIR) 16, a headband
brain activity sensor 15, a wrist temperature, heart rate
and blood pressure sensor 12, and a user terminal 13.
The electrical parts of the motion imparting leg 1 are the
motor 1.1 and two switches 1.22. The electrical parts of
the passive leg 2 are the two switches 2.11. The motion
control and communication unit 6 comprise two motor
drivers 6.7, a network data communication module 6.2,
a microcontroller 6.1, three potentiometers 6.3, 6.4, 6.5,
and a switch 6.6. The motion control and communication
unit 6 is connected to two motion imparting legs 1, two
passive legs 2, two motion sensors 7, and the weight
sensor 2.40. The weight sensor 2.40 may be part of a
motion imparting leg 1, 3, or a passive leg 2. In this sche-
matic it is part of the passive leg 2.

[0054] The electric motors 1.1 are controlled by the
motor drivers 6.7, that are part of the motion control and
communication unit 6. The microcontroller 6.1 maintains
the synchronization between the motors 1.1 through a
motion control software. The last ensures that both mo-
tors 1.1 instantaneous speed and implicitly the relative
distance between all the legs moving parts is maintained
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constant at any time. The oscillatory rocking motion is
achieved by changing the motors 1.1 rotation sense at
the end of the motion path. The last is bordered by the
switches 1.22 and 2.11. The switches 1.22 detect the
end of the motion paths for the legs 1 and the switches
2.11 detect the end of the motion path for the legs 2. The
microcontroller 6.1 detects whether any of them is trig-
gered on a given motion path, that imply the end of the
motion path is reached. In that case the motors 1.1 are
stopped and the last rotation is reversed. Subsequently
the rocking apparatus starts to move in the opposite di-
rection until the switches 1.22 and 2.11 are triggered
again at the other end of the motion path. The switches
may be used only for the first round that the rocking ap-
paratus imparts an oscillating motion. The subsequent
oscillating motions don’t need to use the switches to de-
tect the end of the oscillation path, as the control logic of
the motion control unit 6 stores inits memory the switches
location.

[0055] The motion control and communication unit 6
provides the basic user controls for the rocking motion
system. The controls comprise the potentiometer 6.3 that
controls the rocking speed, the potentiometer 6.4 that
controls the amount of time after which the rocking motion
ceases following a state of no motion from the motion
sensors, the potentiometer 6.5 that controls the total ex-
pected sleep duration after which the rocking motion is
disabled, and a switch 6.6 which forces the rocking mo-
tion activation or deactivation. Further details related to
the user controls usage are explainedinrelation to Fig 29.
[0056] The user controls 6.3, 6.4, 6.6 may be overrid-
denby an application which runs onthe terminal 13, along
with other user customized controls. The application that
runs on the terminal 13 may include a sleep tracking func-
tionality, and a database that contains the history of the
sleep and the motion related data over a period of time.
[0057] The motion sensors 7, 16, along with the tem-
perature, heart rate, blood pressure sensor 12, and the
brain activity sensor 15 are used to track the user status,
inrelation to sleep and alertness. The weight sensor 2.40
uses a method which measures the differential of the
total bed weight over time, and based on that detects
whether the user lies or not on the bed. This information
along with the user settings is used for starting and stop-
ping the rocking motion in an automated way. The
present invention doesn’t limit the type of sensors which
may be used for tracking the user status. Further details
regarding the relation between the information provided
by the motion, temperature, heart rate, blood pressure
and weight sensors, and the induced rocking motion are
explained in relation to Fig. 29.

[0058] Referring to the drawing in Fig. 28, it shows the
electrical block schematic of the second embodiment of
the modular rocking bed system. The last corresponds
to the apparatus disclosed in the Fig. 4 and comprise
four motion imparting legs 1, the motion control and com-
munication unit 6, a data communication network 11, mo-
tion sensors 7, a weight sensor 2.40, a passive infrared
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sensor (PIR) 16, a headband brain activity sensor 15, a
wrist temperature, heart rate and blood pressure sensor
12, and a user terminal 13. The motion control and com-
munication unit 6 comprise four motor drivers 6.7, one
corresponding to each of the motion imparting leg motors
1.1. Similarly, to the functionality disclosed in relation to
Fig. 27, the microcontroller 6.1 maintains the synchroni-
zation between the motors 1.1 through a motion control
software. The last ensures that all the four motors 1.1
instantaneous speed and implicitly the relative distance
between the legs moving parts is maintained constant at
any time. The remaining blocks and system functionality
in Fig. 28 is identical to the one described in relation to
Fig. 27.

[0059] Referring to the drawing in Fig. 29, it discloses
aflowchartof the rocking bed motion state machine. First-
ly, the method detects whether the bed total weight has
increased or the user 14 switches on manually the bed
rocking movement using the switch 6.6 (100). The term
"bed total weight" as used throughout the specification
imply the sum of the bed and the user weights. The bed
total weight is monitored by the weight sensor 2.40, and
the assumption is that when the user 14 lies on the bed
9, the last total weight increases. This triggers the notifi-
cation that the user lies on the bed and afterward, the
bed starts to move on a predefined direction, which imply
that all the motion imparting legs will start to push the
bed in the same direction (102). Afterward, the method
detects whether the bed total weight has decreased, or
the user switched off manually the bed rocking using the
switch 6.6, or there is no user motion detected using the
motion sensors 7, 16 for a predefined time set by the
potentiometer 6.4, or the total desired sleep time set by
the potentiometer 6.5 elapsed (104). If not so, the method
detects further whether any of the switches 1.22 or 2.11
or 3.18 have been triggered (106). The switches are trig-
gered at the end of the current moving direction path
which imply that the moving direction has to be changed
(110). The switches index 1.22, 2.11 and 3.18 corre-
spond to all the possible legs 1 or 2 or 3 that could be
part of the rocking apparatus. It is understood that de-
pending on a particular instantiation, some of the switch-
es 1.22, 2.11 or 3.18 might not be part of the system.
[0060] The method executes the bed 9 rocking motion
by looping back to state (102) until any of the conditions
in state (104) are true. In that case the bed stops the
movement (108) and gets back into the mode (100). The
flowchart discloses a simplified rocking bed state ma-
chine that doesn’t cover complex scenarios which imply
and are not limited to user defined controls, motion or
oscillation patterns which use the information provided
by motion sensors 7, 16, temperature, heart rate and
blood pressure sensors 12, brain activity sensors 15, or
settings from an application running on a control terminal
13.

[0061] Another important method for controlling the
bed 9 rocking motion characteristics, consists in using
the periodicity and level information of the wave signals
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that are captured by one or more brain activity sensors
15, for setting and synchronizing the bed 9 oscillatory
motion periodicity and speed.

Claims

1. A motion imparting leg (1, 3) which imparts an oscil-
lating or reciprocating rocking motion, in a horizontal
plane to a rocking bed (9), comprising an electric
motor (1.1, 3.6),amovingblock (1.8, 3.10), a support
structure (1.12, 3.2), a flat base (1.21, 3.1) and a
linkage assembly (1.20, 3.17), characterized in that
it further comprises a worm gear reducer (1.2, 1.4),
or a timing pulley gear reducer (3.7, 3.12, 3.13).

2. A motion imparting leg (1, 3) according to claim 1,
wherein it further comprises a leadscrew rod (1.5,
3.11) which is coupled to the worm gear toothed
wheel (1.4) or to the timing pulley (3.12), two guiding
rods (1.10, 3.8) on which the moving block (1.8, 3.10)
slides mounted on linear bearings (1.9, 3.9), a U
shape support structure (1.11, 3.42) on which two
on/off switches (1.22, 3.18) are mounted on opposite
sides, a frame supporting structure (1.18, 3.39)
which is mounted on the moving block (1.8, 3.10), a
decorative housing (1.24, 3.20) which covers the
frame supporting structure (1.18, 3.39), and a link-
age assembly (1.20, 3.17) which is mounted on top
of the decorative housing (1.24, 3.20).

3. A passive leg (2) for a rocking bed (9) comprising a
moving block (2.6), a support structure (2.2), a flat
base (2.1), and a linkage assembly (2.10), charac-
terized in that it further comprises a motion blocking
mechanism (2.19) that prevents the moving block
(2.6) to move freely before the passive leg (2) instal-
lation.

4. A passive leg (2) for a rocking bed (9) according to
claim 3, whereinit further comprises two guiding rods
(2.4) on which the moving block (2.6) slides mounted
on linear bearings (2.5), a U shape support structure
(2.22) on which two on/off switches (2.11) are mount-
ed on opposite sides, a frame supporting structure
(2.31) which is mounted on the moving block (2.6),
a decorative housing (2.13) which covers the frame
supporting structure (2.31), a linkage assembly
(2.10) which is mounted on top of the decorative
housing (2.13), and a sensor that detects the bed
weight (2.40).

5. An apparatus according to any of the preceding
claims, wherein the motion imparting leg (1, 3) or the
passive leg (2) comprises a leg holder supporting
structure (1.35, 1.36), which replaces the legs sup-
porting structure (1.18, 1.19; 2.31. 2.9; 3.16, 3.39).
The apparatus further contains an adjustable U
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shaped holder 1.37 which slides in and out of the
supporting structure (1.35), in order to fasten and
immobilize an existing bed (9) leg against the sup-
porting structure (1.36).

An apparatus (10) for rocking an adult or baby bed
(9), that comprises two motion imparting legs (1, 3)
according to any one ofthe claims 1,2, 5, two passive
legs (2) according to any one of the claims 3, 4, 5,
and further comprises two pairs of connecting rod
segments (4, 5) which connect each motion impart-
ing leg (1, 3) to a passive leg (2), a motion control
and communication unit (6), one or more motion sen-
sors (7, 16), one or more temperature, heart rate and
blood pressure sensors (12), and one or more brain
activity sensors (15).

An apparatus (10) for rocking an adult or baby bed
(9), that comprises four motion imparting legs (1, 3)
according to any one of the claims 1, 2, 5, a motion
control and communication unit (6), one or more mo-
tion sensors (7, 16), one or more temperature, heart
rate and blood pressure sensors (12), and one or
more brain activity sensors (15).

A motion control and communication unit (6) for con-
trolling a rocking bed (9), characterized in that it
comprises a microcontroller (6.1), one or more motor
drivers (6.7), a communication module (6.2), one or
more user control potentiometers (6.3, 6.4, 6.5), and
one or more user switches (6.6).

A method for controlling a rocking bed (9), wherein
the motion control and communication unit (6):

* maintains the synchronization between the
motors (1.1, 3.6),

» monitors the end of oscillation path switches
(1.22, 2.11, 3.18),

« tracks the activity of the sensors (7, 12, 15, 16,
2.40),

* reads the user control potentiometer (6.3, 6.4,
6.5) and switch (6.6) values,

» sends and receives data towards a wired or
wireless communication network (11), through
a data communication module (6.2).

The method of claim 9, which controls a rocking bed
(9) oscillatory and reciprocating motion, by changing
the motors (1.1, 3.6) rotation sense at the end of the
motion path, that is triggered by the end of path
switches (1.22, 2.11, 3.18).

The method of claim 9 or 10 for activating, deacti-
vating and adjusting a bed (9) rocking motion, where-
in the motion control and communication unit (6) us-
es the information from one or more sensors (7, 12,
15, 16, 2.40).
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12. A method in accordance with claim 11, wherein the

sensors (7, 12, 15, 16, 2.40) provide information
about one or more of the following parameters: user
motion, temperature, heart rate, blood pressure and
brain activity, and this information is used for con-
trolling the bed (9) rocking motion characteristics.

13. A method in accordance with claim 12, wherein the

bed (9) oscillatory motion periodicity and speed is
derived from the periodicity and level of wave signals
that are captured by one or more brain activity sen-
sors (15).

14. A method in accordance with claim 13, wherein the

bed (9) rocking motion parameters: oscillation
speed, oscillation pattern, and oscillation duration
are set using the device motion control and commu-
nication unit (6), or by means of a remote terminal
(13).

15. A method in accordance with claim 14, wherein the

period of rocking motion or inactivity is triggered at
a programmable time interval.
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