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INFANT CARE APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application 1s a non-provisicnal of and claims
the Dbenefit of United States provisional patent application
nunber 62/902,770 filed on September 19, 2019, the disclosure of
which is incorporated herein by reference in its entirety.
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been used to hold, comfort, and ent infants

many years. Pricr art bouncy sesats are normally constructed
with a wire frame that contains some resistance to deformation
that 1s less than or egqual to the child in the

seat . Thus, when the child is placed in the seat, his or her
weight <causes a slight and temporary deformation in the wire
structure hat i1g then counteracted by the wire frame's
resistance to deformation. The end result 1s that the child
moves up and down slightly relative to the floor This motion



WO 2021/055958

PCT/US2020/051831

can be imparted to the seat by a caregiver for the purpose of
entertaining or scothing the chiid.

[0004] Baby swings normally function in much the same way as
swing sets for older children; however, the baby swing usually
has an automated power-assist mechanism that gives the swing a
“push” to continue the swinging motion in much the same way a
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[0005] There are some products
market that defy easy inclusion 1
category. Cne such product includ
move the infant laterally, but

motorized freedeom and 1s thus 1
that c¢an be generated. While th
the bzby is moved back and fort
there remains only cne possible mo

a to keep them

that have recently entered the
nto either the bouncy or swing
es a2 motorized moticn that can
only has a single degree of
imited in the motion profiles
e sealb can be rotated so that
h in a different corientation,

[0006] Az a bpaby or infant occuples the baby swing, bounc:
seat, cradle, and bassinet, the mood of the baby or infant may
(e.g., from a calm meood to crying, etc.). In other

a state of the babies or infants may change (e.g., O

sleeping to awake or vice versa, etc.). Generally, changes in
the baby’s or infant’s mood or state are monitored directly by a
caretaker or through a baby monitoring device which typically
includes a camera and microphone that merely transn a video
and audic of the baby or infant o a remotely located monitoring
device accessible to the caretaker. As the bkaby’s mood or state

changes the caretaker must physically tend to the baby or infant
sc as to sooth the baby or infant.
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[0G007] A need exists for a motorized infant support that is
capable of simultanecus or independent movement in at least two

directions, and can reproduce a large number of motion profiles

with those two directions. A need also exists for a reactive
infant support that is capable of adjusting action/motion
characteristics of the infant support based on the baby’'s ox

tate.

I..I
o}
h
Q)
]
=
n
O
Ia}
Q.
O
[
(%3]

BRIEF DESCRIPTION OF THE DRAWINGS

i
i
G
[

is a vperspective view o¢f an infant care

[0008]
apparatus in accordance with aspects of the disclosed

I

) P R
embodiment ;

[0009] FIG. 1A is a side view of a porticn of the infant care

apparatus of FIG. 1 in accordance with aspects of the disclosed

embodiment;

{00101 FIG. 2 1is a ©perspective view of an infant care
apparatus in accordance with aspects of the disclosed

empodliment;

[0011] FIG. 28 is a side view of the infant care apparatus of

FIG. 2 in accordance with aspects of the disclosed embodiment;

.cop of the infant

care apparatus of Figs. 1 and 2 in accordance with aspects of

[0013] Fig. 3B 1is a saschematic block diagram o a2 portion of

h

in accordance with

foos
o)
3
Q
N

the infant care apparatus of Figs

aspects 0of the disclosed embodiment

~
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[0014] Fig. 3C is a schematic illustration of an exemplary
state machin in accordance with aspects of the disclcsed
embodiment;

{0015] Fig. 3D is a schematic 1llustration of an exemplary
neural network in accordance with aspects o©f the disclosed
smbodiment ;

[0016] FIG, 4 1s a perspective view of a porticn of the
infant care apparatus of FIG, 1 and/or FIG. 2 in accordance with
aspects of the disclosed embodiment;

[0017] FIG, 5 1s a perspective view of a porticn of the
infant care apparatus of FIG., 1 and/or FIG. 2 in accordance with
aspects of the disclosed embodiment;

[ogc1g] FIGS. BA-6F are cross—sectional views of a portion of
the infant care apparatus of FIG. 1 and/or FIG. 2 in accordance
with aspects of the disclosed embodiment;

[0019] FIG. 7 is a perspective view a portion of the
infant care apparatus of FIG. 1 and/or FIG. 2 in accordance with
aspects of the disclosed embodiment;

[0020] FIGS. 8A and 8B are perspective views of a porticon of
the infant care apparatus of FIG. 1 and/cr FIG. 2 in accordance
with aspects of the disclosed embodiment;

100217 FIG. 9A is a side view of a portion of the infant care
apparatus of FIG. 1 and/ocr FIG. 2 in accordance with aspects of

the disclosed embodiment;

[0022] IG. 8B is a front perspective view of a portion of
the infant care apparatus of FIG. 1 and/or FIG. 2 in accordance
with aspects of the disclosed embodiment;
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[0023] FIG. 9C is a perspective view of a portion of the
infant care apparatus of FIG. 1 and/or FIG. 2 in accordance with

aspects of the disclosed embodiment;

[0024] FIG, 10A 1s a bottom perspective view of a portion of

ccordance

)

the infant care apparatus of FIG. 1 and/or FIG. 2 in

with aspects of the disclosed embodiment;
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[0026] FIG, 10C is a bottom perspective view of a portion of

in accordance

[N

the infant care apparatus of FIG. 1 and/or FIG.

with aspects of the disclosed embodiment;

[0g27] FIG., 11 1s a perspective view of a portion of the
infant care apparatus of FIG. 1 and/or FIG. 2 in accordance with

aspects of the disclosed embodiment;

0028] FIG. 12 1is a perspective view of the portion of the

fant care apparatus of FIG. 12 in accordance with aspects of

8]
=h

view of the portion

-

accordance with aspects

[y
I
G
foos
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}.J
]

the infant care apparatus of

of the disclosed embodiment;

100307 FIG. 13A is a front view of a portion of the portion

of the infant care apparatus of FIG. 12 in accordance with

)

sclosed embodiment;

[0031] FIG. 14 is a perspective view of a portion of the
infant care apparatus of FIG. 1 and/or FIG. 2 in accordance with

aspects of the disclosed embodiment;
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a perspective view of a portion of the

peorticn of the infant care apparatus cf FIG. 14 in accordance
with aspects of the disclosed embodiment;

{0033] FIG., 16 is a perspective view of the portion of the
infant care apparatus of FIG. 15 in accordance with aspects <
the disclosed embodiment

[0034] IG, 17 is a top view of the porticon of the infant

care apparatus o FiG. 15 in accordance with aspects of the
disclosed embodiment;

[0035] FIG, 18 is a front view of the portion of the infant
care apparatus of FIG. 15 in accordance with aspects of the
disclosed embodiment;

[0036] FIG. 1% 1is a side view of the portion of the infant
care apparatus of FIG. 15 in accordance with aspects of the

di

moo

00371 FIG.
of the infant
aspects of the
[0038] FIG.
of the infant
aspects of the
{00391 FIG.
of the infant
aspects of the
[0040] FIGS.

20 is a partial perspective view of the portion
care apparatus of FIG. 14 in accordance with
disclosed embodiment;
21 is & partial perspective view of the portiocon
care apparatus of FIG. 14 in accordance with
disclosed embodiment;
22 is a partial perspective view of the porticn
care apparatus of FIG. 14 in accordance with
digsclosed embodiment;
23A-23E are iilustrative diagrams of

representative motion profiles in accordance with aspects of the
disclosed embodiment;
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[0041] FIG. 24 1is a Dblock di cam of an exemplary control
system of the infant care apparatus of FIG. 1 and/or FIG. 2 in
accordance with aspects of the disclosed embodiment;
[0042] FIG. 25 is a method for imparting motion on the infant
care apparatus of FIG. 1 and/or FIG. 2 in accordance with
aspects of the disclosed embodiment; and
[0043] Fig., 26 1is a method for effecting a change in one or
more of an action and motion of infant care apparatus of Fig. 1
and/or Fig. 2 in accordance with aspects of
embodiment.

DETAILED DESCRIPTION
[0044] For purposes of the description hereinafter, the terms
“upper” “lower” “right”, Mleft” “vertical”, “horizontalil’
“top”, “bottom” “lateral”, “longitudinal”, and derivatives
therecf shall relate to the aspects of the disclosed embodiment

as 1t 1is oriented in the drawing figures. However, 1t 1s to be
understcod that the aspects o¢f the disclosed embodiment may
assume alternative variations and step sequences, except where
expressly speci: to  the ontrary. It 1s alsc to be
understcod that the specific devices and processez 1illiustrated
in the attached rawings, and described in the following
specificaticon, are simply exemplary of the aspects of the
disclosed embodiment Hence, specific dimensions and other
physical characteristics related to the aspects of the disclosed
empbodiment are not to be considered as limiting.

100451 Referring to FIGS. 1, 1A, 2, and ZA an infant care
apparatus 1 in accordance with aspects of the disclcased
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embodiment  is illustrated. Although the aspects of the
disclcsed embodimen will be described with reference tc the
drawings, 1t shoul be understood that the aspects of the
disclosed embodiment can be embodied in many forms. n
addition, any suiltable size, shape, or type of element or
material could be used.
[0C46)] in accordance with aspects of the disclosed
embodiment, apparatus 1 includes a
base 3, an and an infant support coupling 200
arranged s0 as to releasably couple the infant suppecrt 2 to the
base 3. The infant support 2 includes a mating support member 8§
which 1s configured to be engaged with the infant support
coupling 200 as will be described in greater detall below.
[0047] In one aspect, the infant support 2 may be an infant
bed 6, such as a bassinet cr cradle (as i1llustrated in FIG. 1).
In other aspects, the infant support 2 may be any suitable
support such as a seat (see FIG. 2). The infant bed o includes
a bottom panel 20 and a side 21 having a top
edge 22. In one aspect, the infant bed 6 may include the mating
support mem 8 coupled to a bottom surface of the bottom panel
20; while in other aspects, the bottom panel may be coupled to
the base substantially direc described herein) or in any
other suitable manner. The continuous side wall 21 extends
about a periphery of bottom panel 20 and i1s joined to the bottom
panel 20 so as to define an enclosed space 23 for an infant or
baby to occupy. The side wal 21 may be constructed of any

as solid rloths,

bed 6 is 1 as
in shape, the infant bed ¢ may be any other suit
as, square, rectangular, circula etc.
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048] In another aspect, as illustrated in FI{

nfant support 2 may be an infant seat 7 as noted above. A
suitable example of the infant seat can be found 1in United
States Patent No. 18,231,555 idissued on March 19, 2019, the
disclosure of which is incorporated herein by reference in its

lustrated as being

[0049] In some aspects, the infant bed 6 and the infant seat
7 each include the mating support member 8 which 1s configured

east the weight of an infant or baby. In some

[ -

Lo supgort at

aspects, the infant bed ¢ and infant seat 7 include any suitable

top edge 22 of the infant bed

ipper end of the infant seat 7, or any other suitable
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top enclosure b5 positioned over and at least partially covering
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the bottom support housing 4 a housi a cover
280C and a skirt 2808, and a housing base 281. In one aspect,
the housing 280 1is configured to house the in
coupling 200. The infant support coupling 200 is disposed in

the housing such that the housing cover 280C at least partially

the skirt 2808

encloses the infant support coupling 200

-~

extends from the housing cover 280C so as to circumscribe or
£ 1

surround at least a portion of the movable stage 10 that extends

through a surface 5A of the top enclosure 5. The housing bas
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281 is configured to couple the infant support coupling 200 to a
e 10 (FIG. 14) as will be further described herein.

The top enclosure 5 includes the surface 5A which at least

covers an ogening through which the movable stage 10,
supported on the bottom g 4, extends as will be

o ;

5A may be an articulated

surface configured so that the opening formed therein moves with
the movable stage 10.

[0051] In one aspect, the base 3 may ha

legs 9. In one aspect, the legs 9% may be

lower a height of the infant care apparatus 1 relative to, e.g.,

a floor surface or table on which the infant care apparatus 1 is
placed. The legs 9 include feet 9A that are contoured or

otherwigse shaped and sized so that the legs 9 sliide easily

across a floor surface. For example, the feet 9A may have
curved edges to substantially avoid snagging of the feet %A on

the floorin

storage basket 18 provided to storage infant or baby gear,

et
o
0]

accessories, etc. The stocrage basket 18 may be mounted to
egs 9 or any other suitable portion of the infant care
apparatus 1. In one aspect, the base 3 may include a portable
nusic playver dock 55, with speakers 56 and an input Jack 57, for

prlaving music or other pre-recorded sounds.

o
o
o
[
G
O]
T‘“;

Fferring now to FIGS., 1A, 2, 4, 5, 6GA-6F, and 7 the

mating support member 8 of the infant support 2 is configured s0

~

as to be releasabkly coupled to the base 3. Coupling of the

infant support 2 is described herein with respect to the infant

bed o, however, it should be understocd that 1in some aspects,

10
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the infant seat 7 mwmay be coupled to the base 3 in a
substantially similar manner using the mating support member 8
shown 4in FIGS. 2 and 24, As noted above, the infant care
apparatus 1 includes the infant support coupling 200 arranged so
as to releasably oupl the mating suppor member 8 of the
infant support 2 to the base 3. The suppoert 200
includes a movable support 210 and automatically actuable grip
members 220, 225 such as on placement of the infant bed ¢ onto
the infant support coupling 200. In other aspects, the infant
support coupling 200 may have any suitable confi ation such as
that described 1in United States Patent Application number
17/025,674, filed con September 18, 2020 having attorney docket
number 1252P015822-US3 (PAR} and being titled “Infant Care
Apparatus”, the disclosure of which is incorporated herein by
reference in its

{00531 Aith particular reference to FIGS. 4 anc 5, the
movable support 210 1s movably connected to the base 3 in any
suitable manner so0 as to move 1in direction D2, The moy
support 210 is dispose sc as toe form a support seat 211
engages and supports the mating support member & of the infant
support 2. The movable support 210 includes ribs 214 which

couple to the base 3. The ribs 214 include az slotted hole 215
through which a pin 299 is inserted to constrain motion of the
movable support 210 in direction D2. The slotted hole 215 has
an elongated shape so that the movable support 210 may move
between a first raised posit 1150 {(FIG. 6F) and a s=zecond
lowered positicon 1160 ({FIG 6B) 1in directicon D2 as will be
described 1in greater detail below The movable support 210
further includes a camming mechanism 212 (see, at least FIG. 6A)
having camming surfaces 213 which are configured to interface
with the automatically actuable grip members 220, 225 sc¢ as to

11
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automatically actuate the automatically actuable grip members
220, 225 between a clamped or closed position 240 (FIG. 6A) and

an unclamped or open position 230 (FIG., 6F}

[0054] Referring to FIGS. 1a&, 2, 4, 5, 6A-0

ey
jov}
o
o
€]
Q

o]

jOR

v
9A-9C, the automatically actuable grip members 220, 225 each
include a base 231, 235 with an aperture 232, 236, through which

a respecti 299 extends, and cam follow surfaces 222, 227.

extend from the base 231, 235 and include
gripping surfaces 234, 238. The automatically actuable grip
nembers 220, 225 are coupled teo a respective pin 2%9% so as to
rotate relative to both the movable sugport 210, and the base 3
between the open position 230 and the closed position 240 (as
seen best 1in FIGS. 6GA-6F). In one aspect, the automatically
actuable grip members 220, 225 are coupled tc theilir respective
rin 299 so as to freely rotate relative to the pin 299; while in

other aspects, the automatically actuable grip members 220, 225

he pective pin 299 may rotate as a unit relative to the

i}

t
slotted hole 215 and the movable support 210. The automatically
actuable grip members 220, 225 are disposed with respect to the
effect gripping of the infant support 2 with

234, 238 (FIG. 9B) when the infant support 2

,_
“
3

the support seat 211, The automatical

actuable grip members 220, 225 actuating between the open

position 230 and the closed position 240 captures and releases

the mating support member & of the infant support 2. The
automatically actuable grip members 220, 225 are autcmatically

actuable Dbetween the open and closed positions 230, 240, by

action of the movable support 210

[0055] For example, referring also to F . 10A-10C, the

infant care apparatus 1 may further include at least one toggle

12
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mechanism 250. In one aspect, the at least one toggle mechanism
250 may form an indicator to indicate the position of the

ovable support 210, For exampgle, the at least one toggle
mechanism 250 may emit an aural or tactile signal to indicate
the position. In one aspect, the movable support 210 may be
upported on at least one toggle mechanism 250 which is
configured to toggle the movable support 210 between the first
raised position 1150 and the second lowered positicn 1160, The
at least one toggle mechanism 250 utilizes an angled tooth cam
251 and a spring 252 to toggle between first raise position
1150 and the nd lowered position 1160, For ezample, when
the movable support 210 is lowered in direction D4 (FIGS. BA-BF

and 10B) (such as when the infant support is being coupled to
the base 3}, the at least one toggle mechanism 250 is compr ed
and the angled tcoth cam 251 rotated in R1. In this
position, he spring 252 within the one toggle
mechanism 250 1s lvaded with the angled tooth cam 51 in a

compressed

i

o]

east one toggle

d locked pos

mechanism

ition. In this position both the at
250 and the movable upport 210

supported thereon are in the lowered state. hen the movable
support 210 is moved in direction D5 (FIGS. 0A-6F and 10B} agai
(such as when removing the infant support 2), the at least one
toggle mechanism 250 1s compressed which rotates the angled
tooth cam 251 in directicn RI1 unlocking the at least one toggle
mechanism 250 and allowing the spring 252 of the at least one
toggle mechanism 250 to move the movable support 210 in
direction D5 {(FIGS. 6A-6F and 10B).

With the at

least

one toggle

the wmowvab support 210) in the position 1150, the
autcmatically actuable grip members 220, 225 are in and remain
in the open position 230 through interaction between the camming

13
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mechanism 212 and the cam follower surfaces 222, 227 of the
ly actuzble grip members 220, 225. With the
automatically actuable grip members 220, 225 1in the open

position 230, the mating support member 8 of the infant support

(ot

2 is free to be removed or placed within the support seat 211 of

the movable support 210 =0 as to mount the infant support 2 to

(r

£
the base 3. In order to bias the automatically actuable grip
members 220, 225 1in the open position 230, the cam folliow
surfaces 222, 227 of the automatically actuable grip members
220, 225 are nfigured to interface with the camming surfaces
cf the camming mechanism 212.

e, without the

3
infant support 2 present on the support seat 211, the movable

support 210 1s in the first raised position 1150 such that the
camming surfaces 213 of the camming mechanism 212 are engaged

with and biasing the cam foll - surfaces 222, 227 of the

directicon T6, respectively, to the cpen pesition 230 against the
biasing force of torsion springs 260. As the mating support

menber 8 of the infant support 2 1s placed on the movable

support 210 by a user and the movable support 210 is moved in

direction D4 inte the second lowered

surfaces 213 o©f the camming mechanism 21

the cam fcllow surfaces 222,

cam follow surfaces 222,
members 220, 225 follow or slide along the camming surfaces 213
of the camming mechanism 212 1in respective direction Do and

direction D7). The torsion springs 260 of the respective

Jour

.

automatical

ly actuable grip members 220, 225 effects rotatic

0
autecomatically actuable grip members 220, 225 in

directicon T1 and directicn T2. The respective

torsion springs 260 Dbiases the automatically actuable grip

member 220 in direction T1 and the automatically actuable grip

14
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~ -

ember 225 in direction T2 about respective pivot axes 221, 226
t

-~ R R~

he autcmatically actuable grip nembers 220, 225 in the

) &

[0057] Referring to FIGS. 4, &5, and 8A-8B in one aspect, the
infant support coupling 200 includes a first recline locker 3
and a second recline locker 33 each including locking pads 35

which are configured to mating support member 8 so as

Fig. 1A but may be increased or decreased so that the infant bed

6 1s substantially level (e.g., the infant support surface of

t
oy
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plane parallel to the
plan of the hcorizon) so as to compensate for any inclination of
the surface upon which the infant care apparatus 1 1is aced.

The first recline locker 31 and second recline locker 33 are

(5]

substantially similar to the locking mechanism described in U.

e

reference, The locking pads 35 may be manufactured from rubber

or any other suiltable materi

the second recline locker 33 are configured to removably engage
the locking pads 35 with the mating support member 8 positiocnad
within the support seat 211 by movement of a Z-linkage (nct

the Z-linkage causes movement of both the

31 and the second recline lockexr 33 in
directicon D12 to lock and release the mating support member &

relative to the base

[

3. For example, to lock the mating support
nember 8 relative to the base 3, the Z-linkage drives the first
recline locker 31 in direction D9 and the second recline locker
33 in direction D8 such that the first rec

second recline locker 33 move toward a centerline CL of the

15
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infant support coupling 200. The mating support member 8 is
released when the Z-linkage 1is actuated to drive the first

~ection D8 and the second recline locker
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33 in direction DS away from the centerline CL of the infant

support coupling 200. The first recline locker 31 and the
second recline locker 33 may include lock members 36 to the
autcmatically actuable grip members 220, 225 in place. The loc

members 36 are configured to move with the first recline locker
21 and the second recline locker 33 in direction D3. For
example, when the second recline locker 33 is moved in direction
D8 to lock the mating support member 8 relative to the base 3,

the lock member 326 is also movec
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a
under the auvtomatically actuable grip member 225, The

automatically actuable grip member 225 includes a lock surface

36A (FIG. 28R) that interfaces with the lock member 36 and

“locks” the autcomatically actuable

prevents rotation of the automatically actuable grip membe

225y . The lock members 36 are coupled to the movement linkage

—
-~
(O]
W

unlccked positions coinciden with the recline lockers 3

being engaged and dise

eferring now to FIGS. 11-13, infant support coupling
007 1is dllustrated in accordance with ancther aspect of the
disclosed embodiment. The infant support coupling 2007 is
substantially similar to infant support coupling 200 unless
where noted below. In this aspect, the infant support coupling
200" dincludes automatically actuable grip members 2207, 2257,
and the housing cover 280 of the housing 280 acts as the
novable support 210 described above. Here, the housing cover
280C is movably coupled tc the base 3 in any suitab!

e nanner,

such as, by the housing base 231 such that the housing cover

)

16
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280C moves in direction DZ relative to the housing base 281

It is noted that the skirt 280S

(€8]

fixedly mounted to the base

bme

is coupled to the housing base 281 independent of the housing

“

cover 280C so that the housing cover 280C moves 1in direction D2

relative 28083. The gskirt 2808 extends from the

2
the movable stage 10 that extends through the surface DA. The

et

housing cover 280C includes camming mechanism 283 with camming

284 to effect automatic actuation of the automatically

4]
jo
[
bt}
3

2 e s

0

actuable grip members 2207, 225" as will be described bel

an aperture 2327, 23¢’,

ends, and cam fcllowers

2357 . Clamp arms 2337
and include gripping

actuable grip members

tive pins 299" so as to

ale) housing cover 280C (and the base 3)
between the open position 230 and the closed position 240.

engaged with and biasing the cam followers 2227

autcmatically actuable grip members 2207 2257 in the open
xz = D 12 -

position 230 when the housing cover 280C 1s lowered in direction
D4, As the mating support member 8 of the infant support 2 is

placed on the movable support 210 by a user and the movable

support 210 is lowered in direction D4 into the second position,

faces 284 of the camming mechanism 283 are

lowered in direction D4 such that the cam followers 2227, 227¢
of the automatically actuable grip members 2207, 2257 are

rotated 1in respective iirections T5 and direction

(1

@]

17
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forces the automatically actuable grip members 2207, 2257 into

osition 23

+
oy
D
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. A torsion spring integrated into the

et

ly actuable grip members 2207, 225’ effects rotation

automatica

of the automatically actuable grip members 2207, 225

respective direction T3 and direction T4 on the automatically

position Z40 when the camming mechanism 283 is disengaged {i.e.,

the housing cover 280C is toggled into the raised position).
The infant support coupling 2007 may further include shock
towers 288 to absorb any impacts and retain stability of the

[0060] Referring now to FIGS. 14-18, in one aspect, the
infant care apparatus 1 may include a drive mechanism 60 coupled

te the base 3, a vibratory mechanism 90, a movable stage 10

movably mounted to the Dbase 3, and a control system 50
(including controlle: communicabl coupled to each of the

the vibratory mechanism 90. In one

aspect, the movable stage 10 incliudes a first (here rigid)
platform 70 and a support platform 99. A lifting motion
assenmbl 65, here, e.g., a double scissor mechanism 94 having a

first scissor mechanism 95 coperatively coupled te a second

scissor mechanism 97 though any other lifting motion assembly

may be provided (see 15), wmovably “Jcins the support
platform 99 and the first platform 70. The support platform 99
is configured for coupling with the housing base 281 and/or

substantially directly to the infant support coupling 200 in any

uitable manner, such as, with mechanical fasteners, chemical

“

fasteners, or a combination thereof,. A sultable example of the
double scissor mechanism 94 can be found in United States Patent
No. 10,231,555 previcusly ncerporated herein by ref ference.

~

The first platform 70 includes at least one wheel 76 suitably

18
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digposed thereon such that the first platform 70 is rollingly

pported by the at least one wheel 76, Rails 78 are fixably
attached to the kottom support housing 4 of the base 3. The
rails 78 are configured to receive and support the at least one
wheel 76 of the first platform 70 so that the movable stage 10

/8 in a first

77,
of which rides @along the respective rail 78 within a

e
stage 10 may reciprocate along the rails 78 3sbout three inches,

while in other aspects, the movable stage 10 may rec

.-(<
=
o]
~
[

9.1
ﬁ»
(B

along the rails 78 any suitable distance such as more or less

0061] The lifting motion assembly 65 (here the first scissor

Here, the first scissor mechanism 95 includes a first pair of
spaced—-apart parailel members 101, 1017 and a second pair of
spaced-apart parallel members 103, 1037, The second scissor
mechanism 97 includes a third pair o©of spaced-apart parallel

members 105, 105" and a fourth pair of spaced-apart parallel

memnbers 107, 1077,

spaced—apart parallel members 101, 101’ and lower

107L7 of the fourth pair of spaced-apart parallel members 107,

1077 are rotatably pinned to each other and to the first

10307 ¢f the second pair of spaced
1037, and upper ends 105U, 10507 of the third pair of spaced-

19
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apart parallel members 105, 1057 are rotatably pinned to each
atform 29 about axis 96 (FIG. 18).
The first pair of spaced-apart parallel members 1081, 1017 are
rivotally secured at a central portion thereof to the second

pair of spaced-apart parallel members 103, 103’ wvia horizontal

pivet pins, or the like, Correspondingly, the of
spaced—apart paralliel members 105, 057 are pivotally secured at

tion to the fourth pair of spaced-apart

via horizontal pivot pins, or the

mechanism 95 and the second scissor mechanism 97 move in a

crossed fashion relative to the pivot pins such that the double

aced support platform 29, While the 1ifting

motion assembly ©5 connected to the movable stage 10 has been

illustrated and described herein as including a double scissor

mechanism 94, the movable stage 10, in other aspects, may have

any suitable configuraticon for roviding a reciprocating

novement in the second direction D2.

FIGS. 14-19, in one aspect, another

0062] Still referring to

motion assembly 61 (lateral) is operably connected to the

movable stage 10. A suitable example includes first and second

; . -
horizontal bars

st horizontal

w
i
-

-

+ T T v i~ nNoT TRTF
the lower ends 103L, 103L

bar 71 extends

of the second palr of spaced-apart paralliel members 103, 1037,

105, 105" to provide structura

[

first and second horizonta
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bearing wheels 75 at their ends that interface with travel
surfaces 87 of the first platform 70 of the movable stage 10 for
supporting the double scissor mechanism %4 and the support
clatform 99, Third and fourth horizontal bars 73, 74 are
provided, where the third bar 73 extends transversely
between the upper ends 101U, 101U’ of the first pair of spaced-
apart paraliel members 101, 1017, and the fourth horizontal bar
74 extends between the upper ends 1070, 107U of the fourth pailr
of spaced-apart parallel members 107, 1077, The third and
fourth horizontal bars 73, 74 mayvy include bearing wheels 79 at
their ends for engaging and supporting the infant support 2
coupled to the Infant suppor coupling 200 (described above).
In another aspec the support platform 99 may be extended so
that the bearing wheels 7% engage and support on the support
29 18.
[0063] In one aspect, the movable stage 10 may be providec
with at least one resilient element 98, such as a tenzio
spring, fixably attached between twoe or more of the pair of
spaced-apart parallel members 101, 1017 103, 1037 105, 1857 107,
1077, The ssistive mechanical element (s) 98 may be provided
and configure 0 as to assist a 1lifting moticn assembly 65
(described bkelow) in extending or retracting the double scissor
mechanism 94 in the second direction D2. For the
registive mechanical elem
end 103L, of seccon
103, 103" and the lower
spaced-apart parallel members
configuration, the resilient element 98 applies a tension force
te the second pair of spaced-apart parallel members 103, 1037
and the third pair of spaced-apart parallel members 105, 1057
and pulls the relevant portions toward each other, assisting,
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e.g., upward vertical motion of the lifting motion assembly 65.

In another example, resilient element 287 (FIG. 18} may be a2

[

compression spring positioned so as to appl

e
¢
%
U
foi
Q
s

to the double scissor mechanism 94 pushing the relevant portions
apart, assisting, e.g., upward vertical motion of the ifting
motion positions of the resilient element 98,

937 described above are not to be construed as limiting as the

®
b
w
]
o
H
Q
(_'.
@
o
‘%:
5
t

the resilient element 93,
98¢ to the double scissor mechanism 94 and can be varied with

similar results. The resilient element 98, 98" alsoc has the
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Referring

et

o
rence to FIGS. 14-19, as noted above, the infant care

k

6]

fe

vl
I")

apparatus 1 includes the drive mechanism 60 coupled to and
supported by the bottom support housing 4 of the base 3. The

drive mechanism 60 includes the lateral motion assembly 6

imparting a first cyclic motion in a first direction D1 to the

movable stage 10 (e.g., providing lateral motion) and the

motion assembly 65 imparting a second cyclic motion in a

second direction D2 to the movable stage 10 (e.g., providing

first and second cyclic motions imparted by the correspondir

=
K

mection assemblies 61, 65 are directed in orthogonal directions

and are thus kinematically independent relative to each other.

[00e5] The lateral motion assembly 61 1includes a driving
motor 62 having a drive shaft €63 and being

o N
80 mounted
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housing 4 of the base 3. The first motor

2 is configured to impart the first cyclic motion in the first
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to the movable

a gearing as

coupled to

and a second gear 82 operatively coupled

gears 81. A crank member 832, having a
end 85, couples the szecond gear 82 to
impart the first cyclic motion provide

movabl

@

first

first end 84 of the crank member 83 may b
to a point on the outer circumference of t

the

second crank

coupled to the

6
t

<
=
>

operation,

jo—

]

ion of <«

<

~cta he

first
32.

membexr

the second gear The rotation of the
the crank member 83 coupled to the ocuter

g2. As

u

eCcon

gear
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assembly

set of first gears 8
of the first motor &2

second

end

70

O

ot

S
<

5

62

For example, the

,-«/«.-.-.pled

Cou

82, and

3 may be rotaticnally
first motor 6Z causes

econd gear 82

circumference of

rotates about the second gear 2, the first platform 70 1is
pushed and pulled by the second end 85 of the crank member 83 in
the first direction DI1. This operation effects reciprocation of
the driven portion of the motion ply ©1 joined to and thus

the rails

motion assembly

the first motor 62} moves the fi
direction {e.g., horizontally) with
running in a single directicn, therel

the system. The sy

ireve

61

sir

assembly to ach the de e

discussed in greater detail
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[00ec7] Still referring to FIGS. 14-22, the lifting motion
assenbly €5 1s disposed on the first platform 70 of the movable

stage 10 and is configured to impart the second cyclic motion to

at least part of the movable stage 10 in the second direction D2

by the lateral motion assembly 61. The

second motor 66 includes a drive shaft 67 operatively coupled to

a worm gear drive assembly 120. he worm gear drive assembly

120 converts vrotation of the drive shaft 67 to rotaticnal
movemant ¢f an output member 121 that is perpendicular € the

o
\u
-y
ot
o
-J
=
<
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®
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[
<
e}
~
@
i
38
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(v“:

ctation of the drive sh

,..

rotatably attached at a first end 123 thereof to the output

membern such that the vertical voke

verticall attachment member 125 to a
second end 124 of the vertical voke 122 along direction D2 shown

in FIG. 21. The attachment member 125 is configured to couple
toe and drive/support the support platform 99 (along with the

wheels 79). Accordingly, the 1ifting motion assembly 65 1

O
n

such that a single motor (i.e., the second motor ©6)

moves the support platform 99 in the second directiocon DZ {e.c

Ll

*f

vertically) with the second metor 66 only running in a single

thereby eliminating &racklash in the system. The

system for controlling the 1ifting moticn assembly 65 to achieve
the desired motion profile will be discussed in greater detail
hereinafter. It is noted that motion assist provided by the

resilient element 98, 98’ may provide for the employment of

poi
]
o]
t
P..J
:?
®
]
+
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CU

smaller torque motors compared to when the resi

987 is omitted.
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[00oc8] Since the lateral motion assembly 61 and the l1ifting
mneotion assembly 65 each respectively include the first motor 62

and the second motor 66, separate and distinct from one anocother,

the lateral motion assempbly 61 can be controlled independently
of the lifting motion assemnbly 65. Independent!l controlling
the motor 6Z and the second motor 66 allows for a variety

of variablile motion profiles to be selected that include cyclic

moction in the first direction, the second directicn, or both.

[0069] Referring also to FIG. 232-23E, the control system 50
is configured so as to effect movement of the drive mechanism 60
in at least 9one motion profile, such as, pre-programmed

selectably variable motion profiles Car Ride 201, KXangarco 202,

Ccean Wave 204, Tree Swing 206, and Rock-A-Byve 208, as examples.
These selectably variable motion profiles are obtained by
independently controlling the horizontal movement provided by

the lateral motion assembly 61 and the vertical movement

provided by the lifting motion assembly 65 and then coordinating

-

the horizontal and vertical movements to obtain visually
distinctive motion profiles. However, these motion profiles are

for exemplary purposes only and are not Lo be construed as

vertical motions may be utilized. In cne aspect, the different
selectably variable tion srofiles are deterministically
defined by a selectably variable velocity characteristic of at
least one of the and second respectively of

the first and second moticon assemblies 61, 65, and a selectably
riable velocity characteristic of at least one of the first
and second cyclic motions respectively of the first and second

b

motion assenblies 61, 65, In one aspect, the selectably
variable velocity characteristic of at least one of the first
and second cyclic moticns respectively of the first and second
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561, 65, and the selectably variable velocity
at least one of the firs and second cyclic

motions respectively of the first and second motion assemblies
ol, t5 are selected with the contreoller 51 from a common
selection input to the control system 50.

100747 Referring again to FIGS., 14-22, in one cect, the
vibratory mechanism %0 1is coupled to the Dbase 3. In another
aspect, vibratory 90 is coupled to movable
stage 10 or any other suitable portion of the nt care

apparatus 1 (here the vibratory mechanism 1s mounted to the
first platform 70 and positioned o reduce vibratory impulse
imparted to the motors 62, 66 of the motion assemblies 61, 65,
The wibratory mechanism 90 includes a vibration motor 91
separate and distinct from the first and second mcotors of the
drive mechanism €0. The wvibration metor 91 is configured so as
to wvibrate the movable stage 10. The vibration motor may be any
suitable vibration mechanism, such as, a motor with an eccentric
welght on the output shaft that rotates about the output shaft
o effect vibration. In other aspects, the vibration motor may
be any suitable oscillating linear motor or rotary motor. The
vibration motor 91 effects vibration in different patterns and
intensity so as to form vibration modes which may be selectably
imparted on the movable stage 10 as will be discussed in greater

detail hereinafter, In one aspect, the vibration profile 1is
superposed over the cyclic motion of the st and/or second
metion assembly 61, 65. The vibration profile may be superposed

over the lateral

motion assemnt

{

over the

motion assem
ocunted

e

m

motion assembly 61 independent of the 1ifting
5. The vibration profile may be superposed

lateral

(o1

motion assembly 6

. For example, the vibratory mechanism %0 may
stage o¢of the movable stage 10, e.g., to the
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mnounted to any of the respective driven

lateral motion assembly and/or
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of the motion assemb

enerated by the corresponding motion assemblies 61, 65.

drive mechanism 60, the 1ifting motion
assemnbly 65, and the vibratory mechanism 90 may be collectively

referred Lo as a drive section of the infant care apparatus

(00711 With reference to FIGS. 1, 32, 3B, 14-22, and 24, the
. system 50 may be mounted in the base 3 and provided to

effect the different selectably variable naction profiles

i

imparted, by the drive mechanism £0, on the movable stage 10 and

te effect, via the vibratory mechanis 90, the wvarious vibration
L4 P r

1

modes for each of the different variable motion pr

~

control system 50 may includ
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as a microprocessor, a rheostat, a potentiometer, or any
suitable control mechanism to control movement o©f the drive
mechanism 60. n one or more aspects, the controllier 51, as
will be described 1in greater detall below iz configured with

1 intelligence and include one or mnore of a state

5

other suitable form of artificial
infant care apparatus 1 1n the manner described herein (Fig.
34} . In one or more aspects, the control system 50 includes a

nobile device 351 (Figs. 3A

‘...J
®
=
C
i

remote controller such as a fungib
and 2B) that i1s communicably connected to the controller 51
through any suitable wired connection 380 ocr wire.

381 {Fig. 3B}. In other aspects, the fungible mobile device 3501
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assumes one or more processing abilities of the controller 51 so
that processing capabilities of a portion of the control systen
50 onboard the base are supplemented by to completely assumed by
the fungible mcbile device 351. The mobile device 51 is

configured to one or more of display an operational status of

’_.
"‘1 oy
o
s
o
o
]
o)
c.
o
o
et
<,
.
o
o
]

characteristic of an infant

the infant seat 7 (genericall to herein as an infant

holder), provide controls te

remotely operated manner. The controller 51 with the one or
ore peripheral device 360 form a closed loop control system

that 1s cou he drive section of the infant care

apparatus 1 and is configured to adjust actions and/or notions

apparatus 1 so as to sooth and calm an infant

>l‘
o]

+
9}
fat}
i
[0}

of the infa

380 within the infant bed 6 (or infant seat 7).

[0072] As noted above, the controllier 51 is communicably

ed to the drive mechanism 60 and the vibratory mechanismn

[

coup]
90. The controller 51 1s configured so as to effect movement of

the infant supgort 2 in the selectably variable motion profiles

with selectable vibration modes selected, with the controller,
from different selectably riable motion profiles and

selectably different wvibraticon modes for each of the different

ratem 50 may further include a contro

A

[0073] The control s

panel 52 or viewing and controlling speed and motiocn of the

drive mechanis 00, one or more control switches or knobs 54 for
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causing actuation of the drive mechanism 6
inputs and outputs operatively couple to the contreoller &1.
For example, the control system 50 may include a horizontal
encoder 130 (FIG. 20} coupled to an output shaft 131 of the
el

first motor 62. The horizontal encoder 130 may include an

infrared (IR} sensor 132 and a disk 133 with a single hole ox

slot 13 positioned thereon (see FIG. 20). horizontal
encoder 130 1is configured so that the controller 51 may

determine the speed and number of revolutions of the first motor

62. A wvertical encoder 135 (FIG. 22} may be provided and
coupled to a back shaft 136 of the s=zecond motor 66, The
vertical enccoder 135 may include an IR szsensor 137 and a disk 138

with a single hole or slot 139 positioned thereon (see FIG. 22).
The vertical encoder 135 is configured so that the control!

may determin

selected as previously described so as to avold generating noise

to the position signal of the encoders 130, 135

[0g74)] In additicon, while the horizontal encoder 130 and the

135 were described hereinabove, this is not to
be construed as limiting as magnetic encoders, as other types of

N

encoders well known in the art may a

-

o

S0 e use

o)
-
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Q
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desirable to provide an arrangement in which two or more contro
switches associated with respective motors are regquired to both

be actuated to ired direction.

speed control in the des

Furthermore, while 1t was de: ed that the horizontal encoder

U)

130 and the wvertical encoder 135 only include a single slot,
this 1s not to be construed as limiting as encoders with a

plurality of slots may be utilized.
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[0075] In one aspect, the control system 50 may further
include horizontal and vertical

14} to provide inputs ¢ the ccntroller 5H1. For example, the
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indicate when the support platform 992 is a3t a lowest and/ox

et

highest vertical ©position relative to the base 3. The
horizontal Ilimit switch 165 may be configured to indicate when

the first platform 70 is

)

a poin farthest from a center

position, relative to the base 3, to the right and/or left. The

10rizc

,
o
L

ntal and vertical limit switches 165, 16 are configured
so that the control system 50 may determine an initial position
of the lateral motion assembly 61 and the 1ifting moticn
ssembly 65 and to adjust the drive mechanism 60 accordingly.
5, 167 may be optical
wit.ches. Position of the
ereviously described so

sition signal of the limit

riving motors) .
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display 53 <to
provide information to the user, such as, for example, motion

profiles, volume of music being played through speakers 56, and
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In one aspect, the

52 may be a touch acreen control panel, a2
capacitive contrcl panel, or any suitable wuser interface

configured to receive the common selection input from a user for

selecting the different selectably wvariable motion profiles.
Control switches 54 (which may be capacitive switches, areas of

a touch screen, toggle switches, buttons, etc.) may include user
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input switches such as a main power switch, a start/stop switch,
a motion increment switch, a motion decrement switch, a spee

increment switch, a speed decrement switch, and the like. In
one or more portion of the control panel 52

functionality is provided on the mobile device

controlled and/or remotely monitored through the mobile device
60. The controller 51 of he control system 50 may aliso
include a variety of outputs. These outputs 1include, but are

not limited to a Pulse Width Modulation (PWM) for the first

[0G877] The following explanation provides an understanding of

an exemplary control system 50 of the infant care apparatus 1.

Based on the physical limitations of the first motor €2 and the

seccocnd motor 66 of the lateral moticon assembly 61 and the

1ifting motion assembly 65, the maximum speed of the first motor

four second period and the maximum speed of

Q

a
the second motor 66 may be about a two second pericd. Based on
these constraints, the following relationships may be

established:

[, . ) ] Tree Rock-a- Ocean
TABLE 1 Car Ride Kangaroo . - - o
Swing Bye Wave

Vertical
Cycles per |2 4 2 2 1

Cyc
Phase a0 o 180 O a0

degrees degrees degrees degrees degrees

[l
Horizonta . o

S 3 i2 8 8 3
perliod at . . .
o seconds seconds seconds seconds seconds
min speed

Horizontal .
N 4 8 4 4 4
spead at . . .
seconds seconds seconds seconds seconds
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[0078] The speed of the motor 62 is independently set
to a period and a feedback control loop is used to ensure that
first motor 62 remains 3 a constant speed despite the

components

mentioned ab the

ove,

for the

observed from the speed of

output

o

he infant care

of the control stem 50 1is a PWM
02, OCne possible input for the
of the first motor 62, which can be

the first motor

e

horizonta encoder 130. However, in crder to avoid
computaticnally cxpensive  calculations, it  is  possible to
operate 1in the freguency domain and use the number of processor
ticks between ticks of the horizontal encoder 130 as the input
variablie. This allows the calculaticns of the controllisr 51 to
be limited to integers rather han manipulating floats. The
vibratory mechanism 90 generat vibrations in different cdes
which are superposed over each variable selectable motion
profile controlled as ncted.

[0079] The physical drive mechanism of the lateral motion
assembly 61 1is the slide crank assembly 80 which is configured
so that the first motor 62 reciprocates the first platform 70
back and forth without the need to change directions. Since the
first motor 62 1is only reguired to run in one direction, the
effect of backlash is eliminated in the system, thereby removing
probliems with the horizontal encoder 130 on the back shaft 131

of the first motor 62.

{00801 It is known that the natural socthing motions a person
uses to calm a baby are a combination of at least two motions
that each move in a reciprocating motion that has a smooth

of the
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that generated from a sinusoidal motion generate

combination of the slide crank assembly 80 and the worm gear

y 120. The slide crank assembly 80 and the worm

gear drive assembly 120 are z0 that the driving
motcrs run at a constant rotational speed while the ocutput
mnotion provided tco the infant seat 7 siows and speeds up,
mimicking the motion of a person soothing & child. These
assemblies also configured such that the driving motors run in

one directiocn.

(00811 With reference to FIGS. 14 and 20, the torque on the

first motor 6Z depends on the friction of the entire systen

(which is dependent on weight) and the angle of the crank member

83. The torgue of the first motor 62 1s controlled by setting

the PWM to a predetermined value based on the desired velocity

[ 3 -

set by the user. Controller 51 may include feed forward

compensation to control the velcocity of the first motor 62.

[0082] any cof the components shown in FIGS. 14-22 may be set

to zero. For example, reasconable accuracy 1s achieved using

only proportional and integral terms where the constants K, and

Ki are dependent on the input speed, ignoring the feed forward
ative

iv

and deriv

and the horizontal limit =switch 165, the exact positicn of the
first platform 70 (denoted hPos”) <can be determined at any
point in its range of motion. Similarly, bkased on feedback from

the vertical the
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[0084] While the control of the first platform 70 1s based

.y on velcoclity, the control of the support platform 99 is

. .

based upon both position and velocity. For a given horizontal

cosition (hPos) and a given motion, which dictates the number of

vertical cvcles per horizontal cycles (n) and phase offset (d)

az shown in Tabkle

o

;, Lthe desired vPos can be calculated as

{00851

[0086] the number of

5

ve ticks per cycle divided by the number of

horizontal encoder ticks per cycle. Based on the actual

vertical positicn, the amount of error can be calculated as

[0087] vosErr=vPos-Desired vPos {(Equaticocn 2)
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[0089] As an aside, 1f the direction of mection in Ccean Wave
204 and Car Ride 201 is irrelevant, there are two possibilities
for Desired_vPos for each value of hPos and we can base the

vertical error term, posErr, on the closer cof the two.

[0090] The positior

1 =rroxry  term, poskrr, must then be
incorporated into a velocity based feedback control loop.
Logically, 1f the wvertical axis 1s kehind ({(posErr<0), velocity

should be increased while 1f the vertical axis iz ahead

(posErr>0), velocity should be decreased in proportion to the

0091 vSP = posErr x Kyp + vBase {(Eguation 3)
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(Egquation

and h2v_ratio is defined as the horizontal ticks per
cyele/vertical ticks per cycle,

[0093] The above description 1s for exemplary purposes only
as any suiltable contrcl scheme may be utilized. As noted
previously, different modes of vibrations generated by the

mechanism

=

vibratory

T

n an exemplary embodiment, the

configured to reciprocate the seat

laceme inches

4

about 3.0 vertical

between about

displacenment freguency range of between about

per minute. In another example, the infant ca

over

infant

care ratus

agpa

[

10 and 40 cycles
re apparatus 1 is

configured to reciprocate the seat with a vertical displacement
more or less than about 1.5 inches and a horizontal displacement

more or less than about inches with

frequency range of more or less than about
minute and a horizontal displacement frequency
less than about 10 to 40 cycles per minute.
100957 In another aspect, at least a th

means (not shown) may be added to enable
seat in another direction different than the
directions imparted by the first and second
61, 65 referenced herein.

[0096] Referring to FIGS. 1, 2, 14-22, and

for imparting motion o support 2 is

method incliludes providing base 3 of infant

35

reciprocation

reclprocation
of the

second

assemiblies

25, a method 2000
illustrated. The

care apparatus i
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(FIG. 25, Block 2001}. Drive mechanism 60 having

assenbly 61 and lifting motion assembly 65 is provided coupled
to the base 3 (FIG. 25, Block 2002), wherein the lateral motion

from the base 3 and the

assembly ©1 has first motor 62 dependent

5 has second motor 66 separate and

lifting motion assembly

57

mnotor 62. Vibratory mechanism 90 having

vibration motor 91 separate and distinct from the first and
second motors €2, ©6 of the drive mechanism 00 1is provided a
coupled to the base 3 (FIG. 25, Block 2003}. Movable stage 10

. 25, Block 2004).

I

!

is provided movably mounted to the base 3

ed to the latera

[

The movable stage 10 is operatively coupl

~5

motion assembly 61 so that the first motor 62 imgparts, via the

=

Q

ic motion in a first

[

lateral motion assembly 61, a first cyc
D1

to the movable stage 10, and to the lifting motion

65 so that the second motor 66

assembly

motion assembly 65, a second cyclic motion

the movable stage 10 in a second direction D2 indeper

dent of the

]

first cyclic motion in the first direction DI imparted by the

teral motiocn assembly 61 and tce the vibrateory mechanism 20 so

a
that the wvibration mctor 91 vibrates the movable stagse 10 (FIG.
1

ock 2005). Infant support 2 is provided coupled to

&
9]
N
w
¢

i3]

movable stage 10 3lock 2006) so that the second cyclic

motion and first cyclic motion is imparted to the infant support

2, and the infant support is configured to move cyclically in

both the first second direction D2 relative

to the base 3. Contre 1 1 communicably coupled to the drive

[ae

support in a selectably

selectable vibration nodes

51, from different selectably
variable motion profiles and selectably different vibration

nodes  for each of the different selectable wvariable motion

profiles { Block 2007).
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determined

contr

and entertain
t 18 noted that while the control system 58 ig described herein

to the infant bed &, the infant seat 7 may be

[0099] As non-limiting examples of the one or more peripheral
device 360, the one or more peripheral device 360 includes
optical sensor(s) 361, heat-based sensor({s} 362, audio sensor(s)

and/or any

®
s
n
O
R
0
=
w
(o)}
1N
-
),.J
t J
i
-
0
w
®
o
0
O
R
0
w
(o)}
(&3]
-

363, motion S

other sultable sensocr(s) configured to cbserve (or otherwise

¢

monitor) the at least one characteristic of the infant. The
optical sensor (=) 361 are  any suitable optical Sensors

including, kut ncet limited to, one or more of CCD and CMCS

cameras. The heat-based senscri{s) 362 may be any suitable heat-
based sensors including, Dbut not limited to, any suitable

pyreoelectric sensors such as infrared sensocrs. The optical
sensor 361 and heat-based sensor 362 are employed by the
controller 51 {and/or mobile device 351) to monitor and measure,

in cenjunction with the controlier 51 one or more of a change in

fe}

sition of the infant within the infant bed & (e.g., where the

[N

infant position in a series of video frames 1s compared to

a

O

determine infant motion), infant facial expression, and/or blo
oxygenation level and pulse of the infant such as through image

recognition using video of the infants skin tone/color.

[0100] The audio sensor{s) 363 are any suitable sensors for
detecting and/or otherwise measuring sound waves incl
not limited teo, any suitable microphones. The audic sensor (s}
363 are emploved by the controller 51 {(and/or mcbile device 351)

to measure or otherwise detect changes 1in sound compared Lo

38
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nominal background noise (i.e., ambient noise of the environment
in which the infant are apparatus 1 1s located). The audio

’

sensor(s) 363 are also employed by the controller 51  (and/

~
9

mobile device 351) to measure or otherwise detect types of

)
-
o’
=h
5
)
-
3
o+

noises from the infant within the bed ¢, where the infant

noises i1nclude, Dbut are not limited to, cryving, <coing, and

01011 The motion senscr (s

\_,
‘
5
)
S
o)
i
joi]
—
S

g

ecting and/or otherwise measuring motion/movement of the

include but are not limited to one ¢r more of cameras (e.g., Lo

detect motion through frame comparison and image recognition),

(EMF'} senscrs, or any other suitable moticn sensocr. The motion

sensor(s) 364 are employed by the controller 51 (and/or mobile

or worn by the infant and/or are located adjacent to (but not

worn by or located on) the infant within the infant bed 6.

[0102] The piometric senscr{s) 365 are

for detect

~
o
-
o]

(e}
a3}
-
]
o
~.
@]
(3

otherwise measuring bilometrics of the
infant within the infant bed 6. The bicmetric sensor{s} 365
include, but are not limited to, blo
rate monitors, thermometers, skin conductance sensors, pulse
oximeter, motion sensors {e.qg., accelercometers, gyroscopes,
inertial measurement units ({(IMUs)) and/or any other suitable

biometric sensor. In one or more aspects, the biometric

sensor(s) 265 are wearable health devices 365W (Fig. 3B) {(e.g.,
and may be referred to as “smart” wearables) such as, for

39
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example, cuffs, wrist bands, hats,

socks, undergarments, diapers, etc.
the biometric senscr{s) 265 dJdescribed above. The biometric
sensors are, 1in one aspect, removable from the smart wearables

and/or interchangeable from one smart wearable to another smart

with a dJdisposable “smart” diaper) of the smart wearable; while

in other aspectsg, the biometric sensors are non-removakle and

s
=
p
>—;
(_,_
gu
r
e
o3}
’.__J

ly environment proof (again to facilitate washing of
the smart wearable). The biometric s ha re employed by
the controller 51 {and/or

biometrics

e, body temperature, and skin conductivity.

10103] in addition to, or in lieu of, one or more of the
above-noted peripheral devices 360, the infant care apparatus 1
includes position sensors 330 (such as the encoders described
above) and/or current draw sensors 331. The current draw
sensors 331 are communicably coupled to the drive system motors

(such as at least motors 62, 66) and are configured to monitor

current used Dby the motor(s) of the drive system. The

ler 51 {or mobile device 351) is configured toc determine
e state (e.g., such as restlessnessz) of the infant within the
infant bed ¢ by comparing the current and positicnal information

of the infant bed ¢ {(or infant seat 7) with an active 1infant

current and position information of the infant

[0104] As noted above, data the one or more peripheral
device 360 1is registered by the controller 51 (or by the mobile
device 351 so as to effect <through the controllier &1} and

emploved by the controller 51 to effect a change in one or more

40
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of the action (e.g., aural stimulus (sounds, music, etc.) and

a2l stimulus {lights, the mobile 19, etc.)) and the motion

u
(vibratory and mction profiles) of the infant bed 6. The change

in the one or more of the action and the moticn of the infant

embodies at least one characteristic of the infant within the

infant bed 6, which characteristics

.
—

welude those measured by
the peripheral devices 360, 361-365 and senscrs 330, 331. The
at least one characteristic is an action characteristic (e.g.,
crying, cooing, babbling, and/or other aural action) and/or a
otion characteristic (e.g., kicking, rolling, and/or other

It iz noted that in one or more

(L

ire

[¢]

ctly with the controlier 51,

[e)

sensors communicate with the
troller 51 indirectly such as through a mobile device 251
(See Fig. 3B). The controller 51 is configured to send one or

more commands to the drive secticn to activate c¢r drive the

O

motors 62, 66 {(and/or vibratory mechanism 90) in a predeterminec

sequence based on the sensor data of ‘the at least one
characteristic sensed by the peripheral devices 360, 361-365 and

sensors 330, 331. The one or more commands are, in one or more

aspects, a responsive change he controller 21) in

Q
0]
=
®
In}
83
t
®
Q.
o]
e
(w3

the one or more 0f the acticn and the metion of the infant bed ¢
based on a change in one or more of the action characteristic
and motion characteristic of the infant 390, which
characteristics are sensed by the peripheral devices 360, 361~

-

265 and sensors 330, 331.
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[0105] As noted above and referring also to Figs. 3C and 3D,
in one or more aspects, the contreller 51 includes artificial

intelligence 51A., The artificial inteliigence 51A is configured

to moenitcor the actions and motions of the infant 380

sensors coupled to the controller 51) and the

nges dgenerated in response thereto.

responsive cha

ntelliigence 51A alszsc monitors {e.g., thrcough the
sensors coupled to the controller 51, such as the biometric
sengors of the smart wearables or other suitable sensors as
described herein) the infant’s 390 reactions to the responsive

changes so that, over time, the controllier 51 learns how the

(@]

infant 38 responds to the reactive changes so as to better
{(i.e., more effectively}) sult the soothing and calming of the

infant 390. The artificial intelligence 51A, is in one or more

igured to predict, using active
describad herein) and input from one or more of the sensors

described herein, a type of change event that triggers a change

in the infant’s biome
infant to become fussy, irritated, ~tc., where the change

include hunger, a soiled diaper/clothing ({(e.g., a

or defecaticn event), envircn

illness, etc.).

’...I
9
=
o
’_
o]
’_4 -
®
w
o
®

[01006] Fig. 3C illustrates a simple exanp
ould be understoocd that states machines

control of the infant care

e states and transitions than

=

»-a

may be more complex, having moxr
iliustrated in Fig. 3C. The state machine 51SM includes any

suitable number of states such as a first state 51i(

state 5104, and a third state 5106. The states represent, for
example, states {(i.e. crying, cooing, Dbakbling, sleeping,

awake, restless, temperature, fever, chilis, cr any other
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suitable state) of the infant 3280

PCT/US2020/051831

each state may have more than one transition into or out of that

state. While a simple finite state
in Fig. 3C, the state machine may be any

including but not limited to stat

e machines that are fully

represented by a state table that relates states and conditions

in tabular form. In addition, the

any suitable models for st

r\!

tate machine models define binary

n

T,

expres ssions for

state machine has output that depend

y state machine has
and Lhe statey} . Other
algorithmic state machines, Unifie

diagrams, directed graphs, etc.

while c¢ther state machine models

evaluating state changes (for example,

state machine 5IMS employs

ste transitions. For example, certain

permit more generalized

Moore

I

only on the current state,

that depend on an input

state machines includ

C

d Modeling Language state

[0107] The state machine 518M inciudes or otherwise forms a

discriminator 5120 that discriminate

intensity of such inputs so that the

_h
<
-
et
[oN
)
=
:,3
o)
Q
ot
]
0
ot
oy
D

[

state machine 518M provides

an output 5106 that corresponds with the inputs and, 1in some

veripheral devices 360, 361-365 and

but are not limited to, tempora

thresholds, and

43

LS. For example, the state

hresholds with which the discriminator is configured include

1 thresholids, intensity

nput ccmbinaticon thresholds.
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the state machine 518M provides an output that modifies one or
more of the action and motion of the infant care device 1. As

an example, where the infant 390 is crying and a motion of the

discriminatcor 5120 discriminates whether the <c¢rying has been
stopped for any suitable predetermined time before he state
machine provides an output 5156P that modifies or stops the

motion of the infant care apparatus 1.

[0109] Cne example of an intensity threshold that 1is applied

e state machine 513M is where thresholds are applied to a

best
)

heart rate of the infant (e.g., depending on the infant’s age)

cr adijusting one or mcore of the action and moticn of the infant
care device, For example, the discriminator 5120 discriminates
the intensity of the infant’s heartbeat with respect to one or
more thresholds. A first or upper threshold may be indicative
of a high degree of restlessness of the infant 390. A second cor

of a moderate degree of

discriminatcr determines the infant’s 390 heartbeat 1s above the

first threshold the state machine 518M cutputs commands to, for

example, the drive system so that the infant holder moves in one
of the movement patterns described herein (which movement
patterns may alsco be determined by the discriminator) with a
first speed that corresponds to the first threshold. Where the

discriminatcocr determines the infant’s 3

second threshold but below the first threshoeld the state machine
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described herein (which movement patterns mayv also be determined
by the discriminator) with a second speed that corresponds to
the second threshold. Where the discriminator determines the

infant’s 390 heartbeat to be below the second threshold the

patterns described herein (which movement patterns may alsc be
determined by the discriminator) with a third speed. Here, the

first speed 1s greater/faster than the second speed, and the

second speed 1is greater/faster than the third speed. It is

01101 One example of an input combination thresho

T
b
sl
|...l
0
H
o]
T
o
s
0
¢t
=
i«l -
e
0]
[n]
)
0
=
g)
o}
te]
®

a predetermined combination of mul
one or more of the action and the motion o©of the infant holder.

cr example where the discriminator

'(5

peripheral device/sensor data, that the
increased but no other input exists (e.g., data from other
peripheral devices/sensors is null or nominal}) the state machine

518 may output no change in action or motion of the infant

holder. However, where the discriminator 5120 determines, from
peripheral device/sensor data, that the infant’s heart rate is

increased and the infant 1s c¢rying, the state machine 5120
outputs a change in one or more of the action and moction. For
example, the output of the state machine may be to activate the

drive secticon so that the infant ho

predetermined combination of multiple inputs 1is adaptable,
changing according te registration of changes in sensed

characteristics, from a first predetermined combination to an

adapted predetermined combination. For example, the controller
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may apply various heuristic algorithms and/or neural networks to
data histories T biometric sensor data toe identify
corresponding characteristic combinations and/or thresholds for

one or more states and revise or Chéﬁll‘lq

combinati ermined combi

adapted predet

e  the

ination

01117 ihile, movement of the infant holder hasg been
described above in response to input to the state machine 51SM
such response generated by state machine 513M is not limitec
to movement of the holder. For example the state
machin may output command(s}) that initiate one of or any
suitable mbination of udible sounds (e.g., mnusic, white

noise, etc.), movement of the infant holder in predetermined

patterns, and vibration of the infant holder.

01121 Fig. 3D illustrates a generalized neural network 51NN

for illustrative purposes only and it should be understood that

the size and depth o¢f the neural network 51NN employed to

control the infant care apparatus 1 may vary from that shown in
crative purposes only the neural network may

a two-layer network of objects in a

the neural network 5INN. An input 5154P
may be applied to the obijects 5502 at an input layer 5154 of the
neural network 51NN and an output 5156P may be produced at an
output laver 5156. Fach of the objects 5502 in the exemplary
neural network O5INN contains any number of artificial neurons
and objects. The neural network is trained using any suitable
criteri obtained from any number of

it
Lil

infs 3 such as

from any other source such as clinically
infants). The neural network is configured

the

particul

46

infant

O

ribed

R

herein,

he O

nown bilometrics £

to learn, over time,

C the end

{e.g.,
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user) so that outputs of the neural network 5LHINN improve over
time with respect to socothing the infant within the infant

T

The neural network may output ccommand{s} that initiate

(with any suitable intensity as determined by the neural

network) one of or any suitable combinati

(e.g., music, white noise, etc.), movement

in predetermined patterns, and vibration

o
C
o]
h
b
te]
o
-
®
o
ps
C
5
h
2
’_
[}
F
~

using active learning and input from one

indicative of one or more of the change events noted above so as
to predict future occurrences of the one or more change events.
The neural network, in one or more aspects, may also receive

feedback (such as through a mcobile device 351, the

52 or any other sultable user interface 1in communicat:

the controller 51 and neural network thereof) from a parent or

uardian of the infant after an occurrence of one or more of the

change events to facilitate active Ilearning by the neural

network. A pnotification of the type of change event that has or

is occurring may be presented on any suitable display of the

"

mobile device and/or contrel panel (or any other suitable user

L

communication

the controller b1l and neural

) along with & notification of a <change in

biometrics.

[0113] Still referring to Figs. 1, 3A, and 3B, the control

ranel 52 includes any suitable display ({(such as display 53}

configured to provide any suitable indicia 253A to a user {(e.g.,
caretaker) of the infant care apparatus 1. In one or more

aspects, the mobile device 351 alsc includes any suitable
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the contrcl panel 52. The controlier 51 1is ccocnfigured to

’._J
c
=
}_/.
]
o
jat
}_l.
e
=
-

yenerate the indicia 3532 (or cause an il or display

of the indicia) to identify the responsive change in the one or

us and visual st

more of the action (e.g., aur

and the motion e.g., vibratory and motion prcfiles)

o

infant seat 6. For exemplary purposes only, wher
controller 51 activates the vibratory mechanism 90 or changes a
motion profi

¢ o0f the infant bed 6 in zresponse to sensed

characteristics of the infant 390, the indicia 353A presented t

O

the user indicates that the vibratory mechanism 90 has been

activated (l.e., vibratory mechanism has been turned on} or that

—_

the motion profile has changed (i.e., motion profile changed to

car ride”

. In one or more aspects the indicia indicates both
the prior state (i.e., the “from” state) an:

(i.e., the Y“to” state} of the acticn and

where, for exemplary purposes only, the motion profile was
changed from “car ride” to “tree swing” or sound emittec
the speakers 56 was changed from “music” to “white noise”. The

indicia 353A 1is in one aspect a visual indicia presented on the

disgplay 53 while in other aspects the indicia is presented as an

i

. A

{e.g., s=spoken words or other suitable audible

-
o)
Q.
I
]
a
W

2Urad

N

tones or phonetics) through any suitable speakers, such as

speakers 56 of the infant care device or

mobile device 351. In still other aspects,

rresented as both aural indicia and visual indicia.

[0114] In one or more aspects, the controller 51 is
configured to generate the indicia 353A (or cause an
illumination or display of the indicia) where the indicia 3532

identifies the change in one or more of the action

48



WO 2021/055958 PCT/US2020/051831

0 and the motion characteristic

devices 360, 361-365 and sensors 330, 331). For exemplary
purposes only, where the controller 51 recelves sensor signals

399 that embody a change in sensed characteristics of the infant

350, the indicia 353A presented to the user indicates that the
sensed characteristic has changed. For example, the sensed

characteristic may Dbe a motion characteristic where motion

S

characteristic nged from restless movement to substantially

mnotionless {(e.g., sleeping). Here, the controller 351 generates
the indicia to indicate the motion characteristic has changed to
substantially motionless., As ancother example, the sensed
characteristic 1s a temperature of the infant 390, where the

100°F (37.8°CYy. Here the

to indicate that the

temperature of the infant 3%0 has risen ({(and in socome the

indicia inciudes a n  one ©r more

aspects the indicia indicates both the prior state (i.e., the

“from” state) and the current state (i.e., the “to” state) of
the action and/or motion characteristic of t©

for exemplary purposes onl the temperature of +the infant

changed from “98.6°F (27°C}” to “100°F (37.8°C)y7. As noted
above, the 1indicia 353A 1is 1n one aspect a visual indicia
presented on the display 53 while in other aspects the indicia
is presented as an auvral indicia (e.g., spoken words or other

suitable audible tones or phonetics) through any suitable

-

speakers, such as speakers 56 of the infant care device or
speakers 356 of the mobile device 351. In still other aspects,

the indicia 333A are presented as both aural indicia and visual

indicia.
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[0115] Referring to Figs. 1, 3A, 3B, and 26, an exemplary

method of operati

the infant care apparatus 1 will be

L)

described. In accordanc with the method, an infant holder

(such as the infant bed 6 or infant seat 7) is provided (Fig.

26, Block 2600}. The drive above which

includes the drive mechanism 60, assembly 65,
nd the wvibratory mechanism 9%0) is provided (Fig. 26, Bloc
2605), where the drive section i1s coupled toc the infant holder
and has a motor (e.g., one or more of motors 62, 66 and
vibratory mechanism 90} configured to generate the one or more
of the action and the motion of the in
characteristic of the infant 390 is observed, with the sensor
(e.g., veripheral devices 360, 361-365 and sensors 330, 3321)
(Fig. 26, Block 2610). The controller 51 registers sensor data

from the sensors and effects a change in the one or more oIf the

action and the motion of the infant holder (Fig. 26, Block
2615y . As described above, the controller 51 sends a command(s)

to the motor (e.g., one or more of motors 62, 66 and vibratory
mechanism 90) based on the senscr data of the at least one

characteristic sensed by the peripheral devices 360, 361-36%5 and

jo-

yenerates an aure and/or visual indicia to identify one or more

of an action characteristic of

n
sensors, a motion characteristic of the infant 390 sensed by th

390

(&)

w

he infant

sensor, and a change in the motion characteristic

w0
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m
{
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s
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s
-t
{
i
s
®
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i0ile] in accordance with one or more aspects of the
disclosed embodiment an infant apparatus having an infant
support is provided. The infant apparatus including a kase, and

an infant support coupling arranged so as to releasably couple

4 X

50



WO 2021/055958 PCT/US2020/051831

the infant support to the base, the infant support coupling

including 2 movable support mnovably connect to the base and
disposed so as to form a support seat that engages and supports

the infant support on the base, with the movable support in a

first position {(relative to the base), and actuable grip members

position to capture
the actuable grip members being automatically actuable between
the c¢losed and open positions by action of the movable support

moving to the first position.

i

[0117] In accordance with o©ne or more aspects of the
digsclosed embodiment the actuable grip members are disposed with

respect to the infant support to effect grip.

(01181 in accordance with one or more aspects of  the

disclosed embodiment the infant support iz free of grip.
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aspects of Lhe

—
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o

fond

osed embodiment movable support has cams that cam grip

members from cleosed to/from open position,

h
disclosed embodiment an infant care apparatus 1is provided. The

infant care apparatus inc

}..J
o
[o3
i
o]
O
u

base, a drive mechanism
coupled to the base and having a first motlon assembly and a
second motion assembly, wherein the first motion assembly has a
first motor dependent from the base and the second motion
assembly has & second motor separate and distinct from the first

motor, a vibratory mechanism coupled to the base, the vibratory

mechanism having a vibration motor separate and distinct from

the first and second motors of the drive mechanism, a movable

b

stage movably mounted to the base and operatively couplsed to the
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first motion assembly so that the first motor imparts, via the
first moticon assenbly, a first c¢cyclic motion in a fizxst
direction to the movable stage, and to the second motion
assembly so that the second motor imparts, via the second motion
assemnbly, a second cyclic motion to at least part of the movable
stage 1in a second direction independent the first

motion in the first direction imparted by the first moticn
assembly and to the vibratory mechanism so that the vibration
motor vibrates the movable stage an infant support coupled to

the movabl stage so that the second cyeclic motion and first
cyclic motion is imparted to the infant suppcrt, and the infant
support 1is configured to move c¢yclically 1in bot the first
direction and the second direction relative to the base, and a
controller communicably coupled to the drive mechanism, and

to meve the inf uppert in a selectably

crofile with e vibration mnodes

selected, wi
variable moti

modes for

profiles.

each

controller

and

on

the di

fferent

e from different selectably
selectably different vibration
selectable wvariable motion

aspects of the

disclosed embodiment the controller is configured to configured
so as to move the infant support with separate impetus
separately imparted on the infant support by the first cyclic
tion and second cyclic motion respectively driven by the first
nd second motors, in both the first direction and the =zecond
direction with the selectably variable motion profile.
(0122] in accordance with o¢n or more aspects of the
disclosed embodiment the controller 1s configured to effec
selection of the selectably wvariable motion profile by separate
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variance of motion characteristic of the separate respective
d

first cyclic motion and second cyclic meotion determined from a

COommorl selection input to  the contreoller selecting the

;...u

electably variable motion profi

w
o]
s
-
0]

101237 in ccordance  with one or more aspects

i

disclosed embodiment at least part of the movable stage isolate

the drive mechanism from the base.

the

~h

0124] In accordance with one or more aspects of

]

disclosed embodiment each of the different selectably wvariable
motion profiles is deterministically defined by a selectably
variable wvelocity characteristic c¢f at least one of the firs

and second cyclic motions respectively of the first and second
motion assemblies, and a selectably variable velocity
characteristic of at least one of the first and second cyclic

motions respectively of the first and second motion assemblies.

[0125] in accordance with one or more aspects of Che

disclosed embodiment the selectably variable velocity

ectably variable wveloc
one of the first and second cyclic moticns respectively of the
first and second motlion assemblies are selected with the

ciler from the common selection input to the controller.

[0126] in accordance with c¢ne or more aspects of the

each the di eret electakly variable

ludes at and vertical

10127] in accordance with one or more aspects of the

motion assembl includes the

disclosed embodiment the
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first motor having a drive shaft, and a slide crank assembly
comprising a2 gearing assenmbly coupled to the drive shaft of the

first motor and a ¢

and the movable stage,

@]
LU

upled to the

operation of t

causes rotatlion of the slide crank assembly, thereby imparting
the first cyclic moticon to the movable stage.

[0128] In accordance with one or more aspects of Che
disclosed embodiment the second motion assembly includes the
second motor having a drive shaft, a worm gear assembly coupled

and a

irst end coupled to an output shaft of the worm gear assembly,
wherein operation of the second motor causes rotation of the
vertical vyoke, thereby imparting second cyclic motion to the
infant support.

(0129] In accordance with one or more aspects of the

disclosed embodiment the second motion assembly further includes
a dual scissor mechanism coupled to & second end ¢f the vertical
yoke support the support.

&
o

cordance

with or more

one

disclosed embodiment a first encoder having a single slot is
coupled to a firast drive shaft of the first motor and a second
encoder having a single slot 1is coupled to a second drive shaft

of the second motor.
(0131 In accordance

cne or more aspects

disclosed embodiment the controller determines positicn
information of the infant support based at least in part on
information from the first encoder and the second encoder.

10132] in accordance
disclosed embodiment a

method

with aspect of the

The method including
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providing a base of an infant care apparatus, providing a drive
mechanism coupled to the Dbase, the drive mechanism having a
first motion assembly and a second motion assembly, wherein the

first motion assembly has a first motor dependent from the base
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a second motor separate and

a vibratory mechanism
coupled to the base, the vibratory mechanism having a vibraticn
motor separate and distinct from the first and second motors of
the drive mechanism, providing a movable stage movably mounted

to the base and operatively coupled to the first motion assembly

1
a
<
:,.J .
Q

so that the first motor imparts, the first motion assembly,
a first cyclic motion in a first directicon to the movable stage,

and to the second motion assembly so that the second motor

imparts, via the second motion assembly, a second cyclic motion

to at least part of the moval stage in a second directiocon

independent of the first c¢yclic motion in the first direction

imparted by the first motion assembly and to the wvibratory
4

mechanism 8o that the vibration motor vibrates the movable
stage, providing an infant support coupled to the movab

cyclic motion and first cyclic motion 1

n

ant support, and the infant support is
configured to move cyclically in both the first direction and

the second direction relative to the base, and moving, with a

communicably coupled to the drive mechanism, the

infant support in a selectably wvariable motion profile with

selectable vibration modes selected, with the controller, fron

=

C

different selectably wvariable motion profiles and selectably
different vibraticn modes for each of the different szelectable

variable motion profiles.

—
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n accordan or more aspects of the

disclosed embodiment a first encoder is coupled to a first drive

55



WO 2021/055958 PCT/US2020/051831

shaft of the first motor and a second encoder 1is coupled toc a

[0134] In accordance with one or more aspects of the
disclosed embodiment the first encoder and the second encoder

each incliude no more than one slot.

0135] in accordance with one Or more aspects of the
disclcosed embodiment determining with the controller, position

information o¢f the infant support based at least in part on

rst encoder and the second encode:

};.
—
-
’_“J
,..,
=
@&
put
b=
e}
pied
o)

I

In accordance with cone or more aspects of the

osed embodiment each of different selectably variable

motion profiles 1s predetermined, the method further comprising

0137] In acceordance with one or more aspects of the
disclcosaed embodiment an infant care apparatus cmprise an

infant holder; a drive section coupled to the infant hoelder and

and a motion of the infant holder; a biometric senscr configured

network or state machine that 1s communicably coupled to the
biometric senscr and the drive section, where the controll
registers senscor data from the biometric senscr and effects,

network or the state machine, a change in the

-

through the neura

one or more of the action and the motion ¢f the infant holder.

i
[o]
{

In accordance with c¢ne or more aspects of the
embodiment the bilometric senscr 1s configured to

cast one

o
{P

Snsor

0]
-

-3
o]
IS
[

embodying the at
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characteristic of the infant, where the at least one
characteristic is one or more of an action characteristic of the
infant and a motiocon characteristic of the infant.

[0139] in accordance with one or more aspects of the
disclosed embodiment the controller 1s configured to send a
command to the motor based on the sensor data of the at least
one characteristic sensed by the sensor.

101407 In accordance with o©one or more aspects o0f the
disclosed embodiment the controller generates a responsive
change in the one or more of the action and the motion of the
infant holder based on a change 1in one or more of an action
characteristic of the infant and a motion characteristic of the
infant sensed by the biometr Sensor.

[0141] in accordance with one or more aspects of the
disclosed embodiment the controller 1s configured to generate
indicia to identify the responsive change in the one or more of
the action and the motion of the infant holder.

[0142] In accordance with one or  more aspects of the
disclosed embao ent the indicia is one cr more of -al indicia
and visual indicia.

[0143] In accordance with one  0or more aspects of the
disclosed embodiment the controller is confilgured to generate
indicia to didentify the change in one or more of the action
characteristic of the infant and the moetion characteristic of
the infant sensed by the biometric sensor.

[0144] In accordance with one or more aspects of the
disclosed embodiment the indicia is one or more of aural indicia
and visual indicia.
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[0145] In accordance with one or more aspects of the

fD
O
=
O
=
0}

disclecsed embodiment the biometric sensor comprises one

[83)

of a vision senscr, & heat-based sensor, an audio senscr,

motion sensor, and a biometric sensocr.

[01406] in ccordance with one or more aspects of the
disclosed embodiment the biometric sensocor comprises a wearable

health device

10147] In accordance with o©one or more aspects o0f the

drive section is configured to provide

disclosed embodiment

o

more than one degree of freedom motion to the infant holder.

[0148) Iin accordance with one or more aspects of the
disclosed embodiment a method for infant care with an infant
care apparatus, the method comprises providing an infant holder;
providing a drive section coupled to the infant holder and
having a motor configured to generate one or more of an action
and a motion o©of the infant holder; observing, with a biometric
sensor, at least one characteristic of an infant within the
infant holder; and registering, with a controller configured for

employing a neural network or state machine, sensor data from

the sensor and effecting, with neur

machine, he one or more of the action and the

a n h
mction of the infant holderx.

accordance with one or more aspects of the

<
oo
o
-4
3

disclosed embodiment the biometric sensor generates a sensor

signal embodying the at least one characteristic of the infant,
where the at least one characteristic 1s one or more of an

istic of the infant and a motion characteristic

action

i
1
o
0]

of

58



WO 2021/055958

PCT/US2020/051831

[0150] in accordance with one oY more aspects of  the
disclecsed embodiment the contreller sends a command to the motor
based on the sensor data of the at leas ornie characteristic
sensed by the biometric sensor.
(0151 in crdance with one or more aspects of the
disclosed embodiment the controller generates a responsive
change in the one or more of the action and the motion of the
infant holder based on a change in one or more of an action
characteristic of the infant and a motion characteristic of the
infant sensed by the bicmetric senscr.
[0152] in accordance with one or more aspects of the
disclcsed embodiment the ontroller generates indicia to
identify the responsive change in the one or more of the action
and the motion of the infant holder.
10153} Iin accoerdance with cne or more aspects of the
disclosed embodiment the controller is configured to generate
indicia to identify the c¢hange Iin one or more of the action
characteristic of the infant and the motion characteristic of
the infant sensed by the biometric sensor.
[0154] in accordance with one or more aspects of the
disclosed embodimen “he biometric sensor comprises one or more
of a wvision sensor, a heat-based ensor, an audio sensor a
motion senscr, and a blometric senscr.
[0155] In accordance with one Or  more aspects of the
disclosed embodiment the bicmetric sensor comprises z wearable
health device.
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[0156] In accordance with one or more aspects of  the
discleosed embodiment the drive ection provides more than one
degree of freedom motion to the infant holder,

[0157] In accordance with one or more aspects of the
disclosed embodiment an infant care apparatus comprises an
infant holder; a drive section coupled to the infant holder, the
drive section includes a motor configured to generate one or
more of an action and a mction of the infant holder; a closed
loop control system communicably coupled to the drive section,
the closed loop control system comprising at least one bilometric
sensor configured to observe an active characteristic of an
infant within the infant holder, and a controller configured to
employ a neural network or state machine that 1is communicably
coupled to the at least one biometric senscr and the drive
section, the controller being configured to register a change in
the active characteristic of inf

one biometric sensor and generate, thr

state machine, a responsive change in the one or more of an
action and a motion of the infant holder based on the change in
the active characteristic of the infant.

[6158] In accordance with one or nmocre aspects of the
disclosed embodiment the controller is configured to generate
indicia teo identify the change in one or more of the action
characteristic of the infant and the motion characteristic of
the infant sensed by the at least one biometric sensor.

[0159] It should be understood that the foregoing description
is only illustrative of the aspects of the disclosed embodiment.
Various alternatives and ications be devised by those
skilied in the art without departing from the aspects of the
disclosed emboediment. Accordingly, the aspects of the disclosed
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1

embodiment are intended to embrace all such alternatives

modifications and variances that fall within the scope cf any

[SR R

claims appended hereto. Further, the mere fact that different
features are recited in nmutually different dependent or
independent claims does not indicate that a combination of these
features cannot e advantageo:

remaining within =

embodiment .
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What is claimed is:
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