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FIG. 3A




US 2023/0055514 Al

Feb. 23, 2023 Sheet 4 of 11

Patent Application Publication

09¢

de¢ Old

b ok b ok ok

A
1,}.5.

=k Fo T T T
' N

v
ol

L
L

A

AN
pligh T,

i

bl

[
i

e e SRR
$ o
L)
kg
R
.
L 'h..::::'
A
N
an

o4

o WIS,
Ty

By gy g T My g g g My By

._.N
- m sl

‘m A

AW kA T e

LI

‘Hl‘i"ll\l-

S

LI

L]

3
- x’h

M1yt

]

L]
wt

"EE'I-?-EE'I&EH'!-
"h"q.-mlh-‘u-‘h-‘t-}-
I-"!FH'FF"F!!T'{' , .
. "..
i‘ !
- ] E
.-i
' ‘11' .
iy i
A
o
N 3§
e ::
N o
4
o
1111":‘11111

Ty iy o T iy g Ty W M By By

By Bu Sl b b oy b el b by b

E
L]
-
L
-..
L3
T
Wt

)

R

F,
_T
=

I

"

s
F Y
ALOAE

e L T e
N .

by

¥ s
3y
.“.% v w-r\t!h
W.i “l.-_”..-.r lL.u....L..I .
“M “....._um ..3:..:& . -
Y " o ra
uﬁ .___ . .....t R
Y u..m ~ T A “ﬁ._“i.._na.h H.“ﬂt..__.._._.

i i w i A
I i I R
&nﬁ.ﬁ.{ Y nl & .
S ST ep
o, AP

Ch e e

L .
..-w._.,___u.\..i il i ,
TRt e AT

N AR

-

R

B B

M. . - %.__ oy . -.n.___._.-_.il..
£ v £ ity d
ol o £} i mu.\_., W &) 20
1epee 1 . £ e LR Ko £
F » L ) ' W
nigs -, 3 i % £
.uﬁ JLr o r ' “~ ! m...
w8 b " 5 ' ; %
K 4 BT L] -
.“.1 R i 4 s .“. : w £ ._m.“
1 t 4 .” o ; ._.__w . .
; L e PO i a4 LY. "L
4 \.I.‘t- [ ] _ Hh “u .“. w u;."
' . e . e . N n
_.mn i ] “ ..“_ e ”, ; -
L Ak i i UENLY .
» KR . ¥'r ) L. C]
2 M -H..._. A ' . Wa .
4 ..u.___,..____.... 3 Yy . mﬂ mu__.ﬁh.._._.._..._. . w o,
oo g RO ¢ € ’ T A
s RSN AL : P, I s e FLH
4 301 2% T, Rl 7 G, 1
A 1 o Rl o' e Fal AT e g
el * Ag £ . 7 e B i i -~ W
A 5 A5 : : S, i, _“ SO e T
2T 52,374 : ! Lrenrond 08 e, LN, i i
;v o B AT e (d o b, Lo, 70 T Fird Y
_.- [ ] . Tm L - B | T .-__.-.-. h L L.. [ ]
" N Ry R L T - o Al 1 "5
!b Il ‘. .l.iu-..\..__ t ...ln 4 F -
LA [ A y .“1.._ W £ Qe
X 4 & ’ b ! L
] ” L) W - x Er ER L
et Rt rh 7 < g
L Pt n ’
b [
Ho it : T :
e .._m . - e
Z oy
K

o

TR RN

L]

oy

3
3

-
L
e

")
3
mﬁ:ﬁ'q_u-- e

'-F‘? Py

AAEAN
X

L ]

LB I |

k|

=

T L T L

r

"rt"'n-
W
=

Yt
&

ke kR b ek R,

By e ke

- -
>

'k_hiﬂiﬂiﬁ#{ﬁﬁﬁﬁiﬁimﬁmﬂéﬁﬁmrnﬁi



Patent Application Publication

400

440

410

@
|
; -
‘ -
|
|
' elo
L e T
1T Ao
" "l‘" ' h‘i
| .
8 h
e 1, =
', %
! ¢4 ; |
#
| &
iy ' ’
#
; P ; p
| L%
"!. [
& ' 3 b §
| |
",
4, h §
: ‘M; ’#H $ 'hi}
4
i “’ﬂ: .
. W
UL |
|

Feb. 23, 2023 Sheet 5 of 11

"
-
e
E -
-
-

US 2023/0055514 Al

F1G. 4




Patent Application Publication  Feb. 23, 2023 Sheet 6 of 11 US 2023/0055514 Al

FIG. 5A
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WIRELESS POWERING AND CONTROL OF
CONVEYORS ON SHUTTLES

BACKGROUND

[0001] As users increasingly make online purchases, ful-
fillment of such purchases and other orders may become
increasingly complicated. For example, a fulfillment center
may have output of upwards of one million packages per
day. With such demands, efliciency of logistics related to
processing orders and packages may be important. For
example, use of equipment to move or otherwise handle
objects may improve efliciency. However, such equipment
may create chokepoints or cause bottlenecks 1n fulfillment
center operations. Accordingly, improvements in various
operations and components of order fulfillment, such as
improvements to picking technology, sorting technology,
transport technology, packing technology, and so forth may
be desired, such that manual eflorts can be redirected to
different tasks.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 1s a hybrnid schematic illustration of an
example use case for wireless powering and control of
conveyors on shuttles 1 accordance with one or more
embodiments of the disclosure.

[0003] FIG. 2 1s a schematic illustration of an example use
case and facility layout for wireless powering and control of
conveyors on shuttles 1n accordance with one or more
embodiments of the disclosure.

[0004] FIGS. 3A-3B are schematic illustrations of a per-
spective view of a shuttle rail system and a perspective view
of a shuttle matrix in accordance with one or more embodi-
ments of the disclosure.

[0005] FIG. 4 1s a schematic 1llustration of various views
of portions of a shuttle rail system and wireless powering
and control of a conveyor on a shuttle in accordance with
one or more example embodiments of the disclosure.
[0006] FIGS. SA-5B are schematic illustrations of a
shuttle system 1n various views in accordance with one or
more embodiments of the disclosure.

[0007] FIGS. 6A-6B are schematic 1llustrations of a
shuttle having a conveyor configured for wireless powering
and control 1n accordance with one or more embodiments of
the disclosure.

[0008] FIG. 7 1s a schematic illustration of a transceiver
and example power and data flow 1n accordance with one or
more embodiments of the disclosure.

[0009] FIG. 8 schematically illustrates an example archi-
tecture of a computer system associated with a shuttle
system 1n accordance with one or more embodiments of the
disclosure.

[0010] The detailed description 1s set forth with reference
to the accompanying drawings. The drawings are provided
for purposes of illustration only and merely depict example
embodiments of the disclosure. The drawings are provided
to facilitate understanding of the disclosure and shall not be
deemed to limit the breadth, scope, or applicability of the
disclosure. The use of the same reference numerals indicates
similar, but not necessarily the same or i1dentical compo-
nents. Different reference numerals may be used to identify
similar components. Various embodiments may utilize ele-
ments or components other than those illustrated in the
drawings, and some elements and/or components may not be
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present in various embodiments. The use of singular termi-
nology to describe a component or element may, depending
on the context, encompass a plural number of such compo-
nents or elements and vice versa.

DETAILED DESCRIPTION

Overview

[0011] Fulfillment centers may be used to fulfill online
purchases and other orders. For example, fulfillment centers
may include product inventory that may be pulled when an
order for a particular product or multiple products is placed.
In some 1nstances, the product(s) may be packed and
shipped from the fulfillment center. However, the process of
obtaining the product(s), packing the product(s), and ship-
ping the product(s) may be complicated due to the amount
of inventory, the number of orders to process, the size of the
tulfillment center, and/or other factors. In addition, a portion
of the fulfillment center designated for packing or shipping
may be different than the portion of the fulfillment center
designated for holding product inventory. As a result, trans-
portation of products 1n an order may be time consuming.

[0012] Moving items or objects through a fulfillment
center may require handling of the i1tem itself. For example,
picking the item from inventory, placing the item into a
container, removing the item from a container, and so forth
may all be examples of actions for which an item may need
to be handled. In addition, different items may have different
types of packaging. For example, some 1tems may come 1n
boxes, some items may come 1n loose bags, some items may
come shrink wrapped, some 1tems may not have any pack-
aging, and so forth. Humans may be able to manually handle
individual items with ease. However, robotic handling of
individual i1tems may require various levels of dexterity.
Moreover, fulfillment centers may include lengthy convey-
ors that may be used to transport objects, such as packages,
products, 1tems, or other objects, as well as containers that
may be at least partially full of objects. Transport of con-
tainers or items (e.g., individual items or multiple items,
etc.) may mvolve the use of container shuttles that move on
one or more rails to transport a container from one location
to another. For example, a container of items may be loaded
onto a shuttle, and the shuttle may transport the container
from an nventory field to a sortation system or other
location. Shuttles may be used to transport containers and/or
one or more 1tems from a first location to a second location.
[0013] In a typical warechouse environment, such as that
illustrated 1n FIG. 1, items may be transported through
various means such as conveyors, belts, shuttles, etc. as they
undergo different operations like picking, sorting, storing,
shipping/dispatch, and so forth. In some of these cases,
containers may be used to transport items, either individu-
ally or in groups, from one location to another. For instance,
transporting 1tems from a pick station to a sort station may
involve the item(s) being picked 1nto a container, such as a
tote, which may then be transported via a shuttle.

[0014] Container shuttles, which may carry containers,
individual 1tems or multiple items without containers, and
the like, may be in continuous operation and may move at
relatively high speeds, such as speeds of three meters per
second or more. As a result, additional weight carried by the
shuttle may negatively impact performance In some
instances, shuttles may carry onboard power sources, such
as capacitors or batteries, to power various shuttle compo-
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nents, such as a conveyor on the shuttle. Such power sources
may be additional weight that not only impacts shuttle
performance, but reduces shuttle longevity and may also
negatively impact handling and movement of the shuttle. In
some 1nstances, shuttles may use contact-based external
power sources that rely on contact between mechanical
components, such as electrical pins and the like, to power
onboard components. However, such components also pres-
ent drawbacks, such as deterioration of mechanical compo-
nents over time, frequent maintenance requirements, and so

forth.

[0015] To solve such 1ssues, embodiments of the disclo-
sure include systems and methods for wireless powering and
control of conveyors and other onboard components on
shuttles. Some embodiments may eliminate the need for
onboard power sources, thereby reducing overall shuttle
weight and resulting 1n improved longevity and performance
Some embodiments further remove the need for mechanical
contact to provide power to shuttle components. Embodi-
ments may use inductive powering to not only power
onboard shuttle components, but also to send and/or receive
data, such as command data instructing the shuttle to mnitiate
the conveyor 1n a certain direction. Such data may be used
to facilitate unloading of containers or items to a particular
side of the shuttle, as well as to provide shuttle status updates
and the like. Some embodiments may use inductive power-
ing to provide power to a transceiver or a receiver onboard
the shuttle, as well as to the conveyor of the shuttle. For
example, the shuttle may include an onboard antenna and a
power and communication management module that 1s
powered externally via inductive powering. Various delivery
points along a track may include one or more antennae and
transcervers that can communicate with the shuttle at the
different delivery points. Shuttles may be precisely pro-
pelled and moved using linear synchronous motors, which
may allow for rough alignment with induction coils disposed
along the track(s) along which the shuttle runs. At a delivery
point, the transmitter and receiver antennas may overlap to
power the receiver antenna of the shuttle via inductive
coupling. The communication across the two modules can
be used to update the shuttle status, to control the direction
of conveyor spin or movement, and so forth. As a result,
throughput of fulfillment centers may be improved, and/or
logistics of fulfillment center operations may be less com-
plicated.

[0016] Referring to FIG. 1, an example use case 100 for
wireless powering and control of conveyors on shuttles 1s
depicted 1n accordance with one or more embodiments of
the disclosure. Although discussed in the context of online
orders, other embodiments may be directed to any suitable
use case where containers or 1tems are transported, such as
instances where objects are picked from inventory, placed
into containers, containers are transported, and so forth.

[0017] In FIG. 1, a fulfillment center may be a traditional
tulfillment center and may 1nclude an mventory field 110, a
routing sorter 160, one or more item sorting machines 170,
and one or more packing stations 180. The inventory field
110 may include a storage platform, or a portion of the
tulfillment center at which products picked from product
inventory are placed. Robots may be used to pick products
from inventory and to deliver to the robotic storage platiform
in some 1nstances, while in other instances, manual labor or
a combination thereol may be used to pick products. The
picking process at the robotic storage platform may include
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locating a product 1n an order, obtaining the product, and
sending the product to a robotic storage platform, such as via
a conveyor belt. In the 1llustrated embodiment, products at
the robotic storage platform may be placed 1n a container,
such as a tote.

[0018] The inventory field 110 may include multiple items
that are 1n inventory. The items may be used to fulfill orders.
The mventory field 110 may be a robotic field 1n some
instances. One or more picking stations 130 may be posi-
tioned along a perimeter 120 of the inventory field 110. The
picking stations 130 may be manually operated or may
include robotic components, or a combination thereof. In
some 1nstances, picking of items from the inventory field
110 may be completed by robots that include automated
robotic arms, where the 1tems are delivered to the picking
stations 130 after being retrieved from the inventory field
110. Any number of picking stations 130 may be included,
and the picking stations 130 may be located 1n a difierent
position than that illustrated in FIG. 1.

[0019] In a traditional fulfillment center, such as that
illustrated 1n FIG. 1, one or more conveyors 150 may be
disposed about the inventory field 110. For example, con-
veyors 150 may be disposed along the perimeter 120 of the
inventory field 110. The conveyors 150 may run adjacent to
the picking stations 130 1n some embodiments. Any suitable
conveyor configuration may be used. In the illustrated
example, the conveyors 150 may include belts or rollers that
run alongside the picking stations 130 and include one or
more paths to one or more routing sorters.

[0020] The conveyors 150 may be used to transport one or
more containers, such as totes 140. For example, as totes 140
move along the conveyors 150, 1items may be moved from
the picking stations 130 into respective totes 140. The totes
140 may be associated with particular 1tem sorting
machines, and may be moved using the conveyors 150 to a
routing sorter 160. In contrast, embodiments of the disclo-
sure may not include some or all of the conveyors 150, and
instead may include rails that may be used to guide shuttles
from one location to another. The rails may be used with
systems that allow for wireless powering and control of
conveyors on shuttles as described herein.

[0021] The routing sorter 160 may be configured to route,
divert, or otherwise guide certain totes to an item sorting
machine. The routing sorter 160 may 1nclude any combina-
tion of ramps, slides, rollers, arms, guides, and/or other
components to route totes to a particular item sorting
machine. At the routing sorter 160, totes including products
that have been picked may be routed to the appropnate or
designated 1tem sorting machine. For example, the routing
sorter 160 may determine an identifier associated with the
tote, and may determine an i1tem sorting machine associated
with the tote using the i1dentifier. The routing sorter 160 may
route or direct the tote to the appropriate item sorting
machine.

[0022] A number of item sorting machines 170 may be
coupled to the routing sorter 160. For example, a first 1tem
sorting machine 172, a second 1tem sorting machine 174, a
third 1tem sorting machine 176, and so forth may be coupled
to the routing sorter 160. The routing sorter 160 may
optionally guide totes to the 1tem sorting machines to which
they are assigned. For example, a first tote 162 may include
item 1, item 16, and item 23, and may be assigned to the first
item sorting machine 172. The routing sorter 160 may
therefore route the first tote 162 to the first item sorting
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machine 172 for sortation of the respective items. A second
tote 164 may include 1tem 16356, and may be assigned to the
second 1tem sorting machine 174. The routing sorter 160
may therefore route the second tote 164 to the second item
sorting machine 174 for sortation of the item. A third tote
166 may include item 989, item 145, and 1tem 34, and may
be assigned to the third item sorting machine 176. The
routing sorter 160 may therefore route the third tote 166 to
the third i1tem sorting machine 176 for sortation of the
respective items.

[0023] Some or all of the item sorting machines may be
associated with one or more packing stations 180 that may
be used to pack items into a shipment when a multi-item
order 1s complete. For example, the first item sorting
machine 172 may be coupled to a first packing station 182,
the second item sorting machine 174 may be coupled to a
second packing station 184, the third item sorting machine
176 may be coupled to a third packing station 186, and so
forth. The 1tem sorting machines may be configured to
receive 1tems from totes that have one or more, or multiple,
items. The number of totes and/or the number of items
associated with respective item sorting machines may be
balanced, and multiple totes may be routed to the first item
sorting machine 172 and the second item sorting machine
174 at the same time.

[0024] At any of the stages of the example fulfillment
process of FIG. 1 where handling of containers 1s used,
shuttle powering systems as described herein may be used
for wireless powering and control of conveyors on shuttles.

[0025] FEmbodiments of the disclosure include systems
and methods for wireless powering and control of conveyors
on shuttles. Certain embodiments may improve processing
speed and/or throughput of fulfillment centers. Certain
embodiments may improve performance ol mechanical
equipment for sortation and/or consolidation of items. Cer-
tain embodiments eliminate the need for onboard power
sources to power conveyors and/or other components of a
shuttle, thereby reducing the weight of the shuttle and
improving shuttle dynamics and reducing propulsion power
requirements. Frequent charging and discharging of the
power source can be eliminated, and due to contactless
and/or wireless charging, actual mechanical contact for
powering 1s avoilded. While described in the context of
online orders, aspects of this disclosure are more broadly
applicable to other forms of object handling.

[0026] Example embodiments of the disclosure provide a
number of technical features or technical eflfects. For
example, 1n accordance with example embodiments of the
disclosure, certain embodiments of the disclosure may
improve processing speed, throughput, and/or efliciency of
tulfillment centers. The above examples of technical fea-
tures and/or technical eflects of example embodiments of the
disclosure are merely illustrative and not exhaustive.

[0027] One or more 1illustrative embodiments of the dis-
closure have been described above. The above-described
embodiments are merely 1illustrative of the scope of this
disclosure and are not mtended to be limiting 1n any way.
Accordingly, variations, modifications, and equivalents of
the embodiments disclosed herein are also within the scope
of this disclosure. The above-described embodiments and
additional and/or alternative embodiments of the disclosure
will be described in detail heremnafter through reference to
the accompanying drawings.
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[lustrative Embodiments and Use Cases

[0028] FIG. 2 1s a schematic illustration of an example use
case 200 and facility layout for wireless powering and
control of conveyors on shuttles 1n accordance with one or
more embodiments of the disclosure. Other embodiments
may include additional or fewer components. The illustra-
tion of FIG. 2 may not be to scale, and may not be illustrated
to scale with respect to other figures.

[0029] In FIG. 2, a fulfillment center may include an
inventory field 210, at which products or other 1tems may be
stored 1n 1inventory. As the items are ordered 1n online orders,
the products may be picked from the inventory field 210 and
routed for downstream processing in the fulfillment center.
The items may be picked manually, using vehicles, or a
combination thereof.

[0030] The picked products may be placed into one or
more containers and the containers may be transported using
one or more shuttles, such as one or more shuttles on rails
220. In some embodiments, items may be transported by the
shuttles without using containers. The shuttles on rails 220
may 1nclude container shuttles that are configured to trans-
port items and/or containers from one location to another via
rails. The rails may include switching rail components that
allow for the shuttles to move from one set of rails to
another. The shuttles on rails 220 may transport containers
from the mventory field 210 to one or more downstream
processes, such as a sortation system 230, or a packing
system 240. For example, the sortation system 230 may be
a system at which items picked from the inventory field 210
may be re-sorted 1nto respective totes or other containers for
particular orders. For example, items for different orders
may be placed into containers that are transported by the
shuttles on rails 220 from the mnventory field 210. The
containers may be sent to the sortation system 230 for
sorting into particular orders. The packing system 240 may
be a station at which one or more 1tems associated with an
order may be packed into a box or other container for
shipment. A shipping label may be applied and the package
may be dispatched to a loading dock or elsewhere for
shipment. Other destinations or downstream processes 1n
addition to, or mstead of, the sortation systems and packing
systems may be used.

[0031] A rail system 260 is depicted 1n schematic view 1n
FIG. 2. In other embodiments, the rail system may be a
matrix-based rail system that includes more than one level,
such as that illustrated in FIG. 3B. The rail system 260 1s an
example of a network of rails that may be used by shuttles
to transport containers ifrom one location to another. The
network of rails may include locations at which a shuttle can
be directed to a straight path or to a loop, turn, oval, circle,
and/or other geometries that involve a change 1n direction of
a shuttle on the rails. Such changes 1n direction may be
implemented using switching rail components. Conveyors
and other components onboard the shuttles can be powered
using the wireless powering and control systems described
herein. The rail system 260 may include rails that link
various systems, such as sortation systems, to each other
and/or to other systems, such as container handling systems,
manual induction systems 290, and so forth. For example,
the rail system 290 may link a first sortation system 270 to
a second sortation system 272, as well as to a first container
handling system 280, a second container handling system
282, a third container handling system 284, and so forth. The
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rail system 260 may be used to connect any of the systems
to each other and/or other systems.

[0032] Shuttles may move along the rails of the rail system
260. The shuttles may include linear drive motors or other
drive components. Some drive components may provide a
drive force via electromagnetism. As a result, one or more
clectromagnets may be disposed along the network of rails.
Shuttles may optionally include a conveyor belt that may
have a first set of one or more raised flaps and a second set
of one or more raised flaps. The first set of raised flaps may
form a first barrier along a first open-ended side of the
shuttle, and the second set of raised tlaps may form a second
barrier along a second open-ended side of the shuttle to
prevent items rolling off of the conveyor belt. The shuttles
may include an onboard drive motor configured to move the
conveyor belt 1n a forward direction and/or a reverse direc-
tion. The onboard motor may be powered via induction
coils, as described herein. The shuttles may include a magnet
disposed on a lower surface of the shuttle. The magnet may
be used to propel and/or secure the shuttle. For example, the
magnet may prevent the shuttle from moving while the
vehicle 1s in motion and the linear drive motor 1s engaged.

[0033] FIGS. 3A-3B are schematic illustrations of a per-
spective view of a shuttle rail system and a perspective view
ol a shuttle matrix 1n accordance with one or more embodi-
ments ol the disclosure. Other embodiments may include
additional or fewer components. The illustration of FIGS.
3A-3B are not to scale, and may not be 1llustrated to scale
with respect to other figures. The system illustrated in FIGS.
3A-3B may be used with the systems described herein for
wireless powering and control of conveyors on shuttles
discussed with respect to FIGS. 1-2.

[0034] In FIG. 3A, the shuttle rail system 300 may be
configured to provide continuous rail for switching the
direction of a shuttle 350 1n an electromagnetically propelled
shuttle-on-rail arrangement. Shuttle-on-rail arrangements
may be used 1n many systems, such as sortation systems,
pick systems, delivery systems, etc. The shuttle rail system
300 may include rail switch mechanisms to allow the rail to
be directed to alternate path. Shuttle-rail arrangements that
are based on electromagnetic propulsion, such as linear drive
motors, may have sets of electromagnets arranged along the
direction of the rails. Shuttles may also have a magnet, such
as a permanent magnet, coupled to a lower side of the
shuttle. The electromagnet and the permanent magnet may
have to be separated by a very narrow gap for optimal
performance Such factors may make removal of the shuttle
350 from the shuttle rail system 300 diflicult, due to poten-
tial unintended interaction between the magnets. Embodi-
ments of the disclosure include systems that power convey-
ors and other components of shuttles at various fixed
locations along the shuttle rail system 300.

[0035] The shuttle 350 may be wirelessly powered via
inductive coupling using induction coils disposed along the
shuttle rail system 300, which may also be located at a
curved section of rail. For example, the shuttle rail system
300 may include a first branched path 310, where 11 shuttles
were moving along the shuttle rail system 300 1n a clockwise
direction, the shuttle could move 1n either a straight direction
along the oval path of the shuttle rail system 300, or may
make a left-handed curve onto a separate path of the shuttle
rail system 300. Similarly, a second branched path 320 may
allow for merging of shuttles that took a left curve at the first
branched path 310 to merge back onto the oval path of the
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shuttle rail system 300. Any number of curved path and
straight path intersections may be included 1n the shuttle rail
system 300. For example, the shuttle rail system 300 may
include a third branched path 330 and a fourth branched path
340. At any of the branched paths, the shuttle may be
removed using the shuttle disengagement mechanisms
described herein.

[0036] In an alternate embodiment, a shuttle rail system
360 may include one or more levels, such as the multi-level
matrix system depicted in FIG. 3B. In such embodiments,
individual levels may include tracks along which shuttles
may move, and induction coils may be disposed along the
tracks to power the conveyor and/or communication hard-
ware onboard the shuttle(s). In some instances, rail systems
may include combinations of the flat rail system of FIG. 3A
and the matrix-based rail system of FIG. 3B.

[0037] FIG. 4 1s a schematic 1llustration of various views
of portions of a shuttle rail system and wireless powering
and control of a conveyor on a shuttle 1n accordance with
one or more example embodiments of the disclosure. Other
embodiments may include additional or fewer components.
The illustration of FIG. 4 i1s not to scale, and may not be
illustrated to scale with respect to other figures. The system
illustrated 1n FIG. 4 may include the same shuttle and shuttle
rail system discussed with respect to FIGS. 1-3B.

[0038] FIG. 4 depicts a portion of the shuttle rail system
400 1n a top schematic view. The shuttle rail system 400 may
include one or more sets of rails that form a track 410 on
which shuttles 420 may ride. The track 410 may guide
shuttles 420 to various locations. FEach track 410 may
include two rails, so as to support two sides of a shuttle 420
on the rails. The shuttle rail system 400 may include a
number of supports disposed between the two rails of a track
410. A number of electromagnets 470 may optionally be
disposed along the rails at various intervals. The electro-
magnets 470 may be configured to propel shuttles along the
respective sets of rails.

[0039] A perspective view 440 1n FIG. 4 depicts the shuttle
420 engaged with the shuttle rail system 400. The shuttle
420 may include wheels 450 that engage the track 410.
Some embodiments may include four wheels 450, while
other embodiments may 1nclude different numbers of
wheels. Any suitable number and size of wheels may be used
to engage with the track 410.

[0040] The shuttle 420 may include a permanent magnet
460 disposed underneath the shuttle 420. The permanent
magnet 460 may interact with the electromagnets 470 to
clectromagnetically propel the shuttle 420. The electromag-
nets 470 and permanent magnet 460 may together form a
linear synchronous motor 1n some embodiments.

[0041] Although the shuttle 420 1s depicted as traveling 1n
a sideways configuration with respect to the shuttle rail
system 400 (e.g., a payload on the shuttle 420 may be
moving sideways with respect to the shuttle rail system 400,
etc.), n other embodiments, the shuttle 420 may be oriented
differently.

[0042] The shuttle rail system 400 may therefore include
the track 410 having a central axis. The track 410 may
include a first rail segment on a first side of the central axis
and a second rail segment on a second side of the central
axis. The shuttle rail system 400 may include the set of
clectromagnets 470 disposed along the central axis of the
track. The shuttle rail system 400 may be used with the
shuttles 420, where the shuttles 420 are configured to
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transport individual items or containers from a first location
to a second location using the track 410. The shuttle may
include a first pair of wheels 450 disposed at a front end of
the shuttle 420, and a second pair of wheels 450 disposed at
a rear end of the shuttle 420. In some embodiments, the
shuttle 420 may include a conveyor assembly having a
central axis that 1s transverse to the central axis of the track,
such as in the embodiment depicted 1n FIG. 4. The shuttle
420 may include the permanent magnet 460 coupled to a
lower surface of the shuttle 420. The permanent magnet 460
may be configured to engage with the set of electromagnets
470 to propel the shuttle 420. The shuttle 420 may not
include an onboard power source coupled to the conveyor
assembly.

[0043] FIGS. 5A-5B are schematic illustrations of a sys-
tem 500 1n various views 1n accordance with one or more
embodiments of the disclosure. Other embodiments may
include additional or fewer components. The 1llustration of
FIGS. 5A-5B are not to scale, and may not be 1illustrated to
scale with respect to other figures. The system 1llustrated 1n
FIGS. S5A-5B may be the same system discussed with
respect to FIGS. 1-4.

[0044] In FIG. SA, a portion of the system 500 1s depicted

in perspective view. The portion of the system 300 is
depicted 1n a top view 580 and a bottom view 590 1n FIG.
5B. The system 500 may include a track 310 and one or
more shuttles 5330. The shuttles 530 may be configured to
move along the track 5310 and may be propelled via one or
more electromagnets 570. The shuttle 530 may include a
permanent magnet coupled to a lower surface of the shuttle
530, and the electromagnets 570 disposed along the track
510 may interact with the permanent magnet to propel the
shuttle 530 along the track 510. The shuttle 330 may stop at
various points along the track 510 to deliver containers or
items to delivery locations 520. Container slots and/or
container matrices (not shown) may be disposed along one
or both sides of the track 510. The system 500 may be
configured to wirelessly power and control a conveyor of the
shuttle 530. The system 500 may further be configured to
power one or more radios and/or transceivers coupled to the
shuttle 530.

[0045] For example, the shuttle 530 may be configured to
transport 1tems from a pickup location to a delivery location
using the track 510. The shuttle 530 may include a conveyor,
a {irst induction coil disposed on a lower surface, and a {first
transceiver, which may be a data receiver module, config-
ured to receive command data. The conveyor may be
configured to move bidirectionally 1n some embodiments,
and unidirectional 1n other embodiments. The shuttle 530
may not mclude an onboard power source that 1s coupled to
the conveyor. As a result, the conveyor may be inoperable
without external power.

[0046] To power the conveyor of the shuttle 530, and 1n
some 1nstances to power the first transceirver, the system 500
may include a number of induction coils disposed along the
track 510. For example, the system 500 may include a
second induction coil 540 disposed at a first location along
the track 510, a third induction coil 550 disposed at a second
location along the track 510, a fourth induction coil 560
disposed at a third location along the track 510, a fifth
induction coil 570 disposed at a fourth location along the
track 510, and so forth. Any number of induction coils may
be disposed along the track 510.
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[0047] The induction coils may be disposed at various
delivery locations 520 along the track 510, such that power
1s available to power the conveyor of the shuttle 530 at any
location at which the shuttle 330 may have to deliver an 1tem
or container.

[0048] The induction coils disposed along the track 510
may interact with the first induction coil on the shuttle 530,
so as to mduce or impart an electrical current at the first
induction coil, which may then be used to power the
conveyor of the shuttle 530, as well as the first transceiver
in instances where the shuttle 530 does not include an
onboard power source coupled to the transceiver. The induc-
tion coils disposed along the track 510 interact with the first
induction coil by imparting an electric current to the first
induction coil when the first induction coil 1s within a
distance of the induction coil on the track 310. Precise
positioning may not be required due to the contactless and
wireless nature of the inductive coupling between the induc-
tion coils.

[0049] In some embodiments, the system 500 may include
a number of data transmitter modules or transceivers dis-
posed along the track 510, such as adjacent to the respective
induction coils 540, 550, 560, 570. The transceivers dis-
posed along the track 510 may be used to communicate with
the first data transceiver on the shuttle 530. Data commu-
nicated may include command data related to operation of
the conveyor of the shuttle, such as which direction to
actuate the conveyor, how long to actuate the conveyor for
(e.g., a length of time the conveyor 1s to be activated, etc.),
a stop position for the shuttle relative to the track, and/or
other operational data. In some embodiments, the data may
include shuttle status update data, such as whether the
container or item on the shuttle has been delivered, and so
forth. The data may be communicated via the inductive
coupling using the induction coil on the track 510 and the
induction coil on the shuttle 530. In some embodiments, data
transier may be one-way from the transceiver on the track to
the first transceiver on the shuttle 530 (1n which case the
onboard module on the shuttle may be a receiver 1nstead of
a transceiver), whereas 1n other embodiments, data transfer
may be two-way and the first transceiver on the shuttle 530
may be configured to send data, such as shuttle status
updates, to the transceiver on the track.

[0050] Because the shuttle 530 may not include an
onboard power source for the conveyor, the conveyor may
not be operable unless the shuttle 530 1s positioned adjacent
to one of the induction coils disposed along the track. For
example, the conveyor may therefore be moperable along
the track between the first location of the first induction coil
540 and the second location of the second induction coil 550
due to a lack of power. Stmilarly, the first transceiver or the
data receiver module of the shuttle may be 1noperable along
the track between the first location and the second location
due to a lack of power.

[0051] Moreover, because the ftransceivers may be
coupled to the induction coils along the track, advance
istruction of conveyor operation, such as which way to
move the conveyor, may not be needed. The shuttle may
therefore be operable with reduced weight and no onboard
power source for the conveyor. In some embodiments, the
shuttle may also not include an onboard power source for the
first transceiver, which may also be powered using the
wireless powering system inductive coupling used to power
the conveyor.
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[0052] FIGS. 6A-6B are schematic illustration of a system
600 with a shuttle 620 having a conveyor 630 configured for
wireless powering and control 1n accordance with one or
more embodiments of the disclosure. Other embodiments
may include additional or fewer components. The illustra-
tion of FIGS. 6A-6B are not to scale, and may not be
illustrated to scale with respect to other figures. The system
illustrated 1n FIGS. 6A-6B may be the same system dis-
cussed with respect to FIGS. 1-5B.

[0053] In FIG. 6A, the shuttle 620 1s depicted coupled to
a track 610 of the system 600. The shuttle 620 may include
the conveyor 630, which may move in one or both direc-
tions. The shuttle 620 1s depicted adjacent to an induction
coil 640 disposed along the track 610. The shuttle 620 may
include an induction coil disposed on a lower surface that
may interact with the imduction coil 640 on the track 610.
When the mduction coil of the shuttle 620 1s positioned
approximately over the induction coil 640, the imnduction
coils may be mductively coupled and energy transfer may
occur. Power from the mductive coupling may be used to
power various components of the shuttle 620, such as the
conveyor 630, one or more radios or transceivers onboard
the shuttle 620, and/or other components. In some embodi-
ments, data may be transiferred via the inductive coupling.
For example, command data related to operation of the
conveyor may be sent via the induction coil 640 from a
transceiver coupled to the induction coil 640.

[0054] As depicted 1n side cross-sectional view in FIG.
6A, the shuttle 620 may include a first transceiver 660
coupled to a first induction coil 650. When the first induction
coil 650 1s near (e.g., within several 1inches, etc.) the induc-
tion coil 640, the induction coils may be coupled and energy
transier may occur. The induction coil 640 may be coupled
to a second transceiver 670. The second transceiver 670 may
be disposed below an upper surface of the track 610,
whereas the induction coil 640 may be slightly elevated with
respect to the upper surface of the track 610.

[0055] To power the conveyor 630 of the shuttle 620, and
in some 1nstances to power the first transceiver 660, the
system 600 may guide the shuttle 620 to the induction coil
640. The induction coi1l 640 may provide power to power the
conveyor 630. For example, the induction coil 640 may
interact with the first induction coil 660 on the shuttle 620,
so as to induce or impart an electrical current at the first
induction coil, which may then be used to power the
conveyor 630, as well as the first transcerver 660 1n instances
where the shuttle 620 does not include an onboard power
source coupled to the transceiver. Precise positioning may
not be required due to the contactless and wireless nature of
the inductive coupling between the induction coils.

[0056] In some embodiments, the system 600 may include
a number of data transmitter modules or transceivers dis-
posed along the track 610. The transceivers disposed along
the track 610 may be used to communicate with the first data
transceiver 660 on the shuttle 620. Data communicated may
include command data related to operation of the conveyor
of the shuttle, such as which direction to actuate the con-
veyor, how long to actuate the conveyor for (e.g., a length of
time the conveyor 1s to be activated, etc.), a stop position for
the shuttle relative to the track, and/or other operational data.
The stop position may include information related to an
optimal location or range of locations for the shuttle to stop,
such that energy transier occurs via the respective induction
coils. In some embodiments, the data may include shuttle
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status update data, such as whether the container or item on
the shuttle has been delivered, and so forth. The data may be
communicated via the inductive coupling using the induc-
tion coil 640 on the track 610 and the first induction coil 660
on the shuttle 620. In some embodiments, data transier may
be one-way from the transceiver on the track to the first
induction coil 660 on the shuttle 620 (1n which case the
onboard module on the shuttle may be a recerver instead of
a transceiver), whereas 1n other embodiments, data transfer
may be two-way and the first induction coil 660 on the
shuttle 620 may be configured to send data, such as shuttle
status updates, to the transceiver on the track. In other
embodiments, other forms of wireless communication, such
as Wik1, NFC, ZigBee, Bluetooth, and the like may be used
for data transier instead of transmitting data via the induc-
tion coils.

[0057] Because the shuttle 620 may not include an
onboard power source for the conveyor 630, the conveyor
630 may not be operable unless the shuttle 620 1s positioned
adjacent to one of the induction coils disposed along the
track. Moreover, because the transceivers may be coupled to
the induction coils along the track, advance instruction of
conveyor operation, such as which way to move the con-
veyor, may not be needed. The shuttle may therefore be
operable with reduced weight and no onboard power source
for the conveyor. In some embodiments, the shuttle may also
not include an onboard power source for the first transceiver,
which may also be powered using the wireless powering
system 1nductive coupling used to power the conveyor.

[0058] In FIG. 6B, an alternate embodiment where the
shuttle 620 does not include an onboard data receiver, or the
onboard data receiver 1s not used to receive conveyor
actuation direction information. Instead of wirelessly receiv-
ing conveyor actuation direction mnformation, different loca-
tions along the track may be associated with different spin or
actuation directions of the conveyor 630 of the shuttle 620.
For example, a first mechanical switch 690 or other com-
ponent may be disposed along the track 610, and may
engage with a corresponding contact or other component of
the shuttle 620. The shuttle 620 may have contacts on both
sides of the shuttle 620. Depending on which contact on the
different sides of the shuttle 620 1s actuated, the shuttle 620
may cause the conveyor 630 to spin diflerent directions. For
instance, i the example of FIG. 6B, the first mechanical
switch 690 may cause the conveyor 630 to move 1 a
counter-clockwise direction, whereas a second mechanical
switch 692 may cause the conveyor 630 to move 1 a
clockwise direction. In such embodiments, wireless com-
munication for conveyor actuation direction information
may not be needed.

[0059] FIG. 7 1s a schematic illustration of a transceiver
module 700 and example power and data flow 730 1n
accordance with one or more embodiments of the disclosure.
Other embodiments may include additional or fewer com-
ponents. The illustration of FIG. 7 1s not to scale, and may
not be 1llustrated to scale with respect to other figures. The
transceiver module illustrated 1n FIG. 7 may be used with
the shuttles and/or rails discussed with respect to FIGS. 1-6.

[0060] In some embodiments, the transceiver module 700
may be used to facilitate data communication between a
shuttle 750 and a transceiver on a track 740. In some
embodiments, the transceiver module 700 may be included
both onboard the shuttle 750 and coupled to the track 740.

The transcerver module 700 may include one or more 1nputs,
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such as a first input 710 and a second mput 720. The
transceiver module 700 may communicate with other trans-
ceiver modules 700 via wireless and/or contactless inductive
coupling 760. In other embodiments, a transmitter module
may be used on the track 740, and a receiver module may be
used on the shuttle 750.

[0061] In some embodiments, shuttle operation may be
controlled by a remote server or remote computer system,
but conveyor operation may be communicated to the shuttle
using the transceiver module 700. For example, a remote
computer system may be configured to direct a shuttle from
a pickup location to a delivery location, where the delivery
location 1s aligned with a first induction coil 742 disposed
along the track 740. One or more electromagnets 744 may
also be disposed along the track 740.

[0062] Similarly, the shuttle 750 may include a second
induction coil 752 that interacts with the first induction coil
742 disposed along the track 740 to generate an electric
current. The electric current may be used to power a con-
veyor 756 of the shuttle, and optionally to power a trans-
ceiver of the shuttle 750. The second induction coil 752 may
also interact with the first induction coil 742 disposed along
the track 740 to receive data that 1s sent to the transceiver
700 of the shuttle 750. The data may be used to control
operation of the conveyor 756 via an onboard controller 754
in communication with the transcerver 700 of the shuttle
750. In other embodiments, the transceiver 700 of the shuttle
750 may be configured to transmit a shuttle status indicator
to the remote computer system via the transceiver 700
disposed along the track 740.

[0063] One or more operations ol the methods, process
flows, or use cases of FIGS. 1-7 may have been described
above as being performed by a user device, or more spe-
cifically, by one or more program module(s), applications, or
the like executing on a device. It should be appreciated,
however, that any of the operations of the methods, process
flows, or use cases of FIGS. 1-7 may be performed, at least
in part, 1n a distributed manner by one or more other devices,
or more specifically, by one or more program module(s),
applications, or the like executing on such devices. In
addition, 1t should be appreciated that processing performed
in response to the execution of computer-executable mstruc-
tions provided as part of an application, program module, or
the like may be interchangeably described herein as being
performed by the application or the program module 1tself or
by a device on which the application, program module, or
the like 1s executing. While the operations of the methods,
process flows, or use cases of FIGS. 1-7 may be described
in the context of the illustrative devices, 1t should be
appreciated that such operations may be implemented 1n
connection with numerous other device configurations.

[0064] The operations described and depicted 1n the 1llus-
trative methods, process tlows, and use cases of FIGS. 1-7
may be carried out or performed 1n any suitable order, such
as the depicted orders, as desired 1n various example
embodiments of the disclosure. Additionally, 1n certain
example embodiments, at least a portion of the operations
may be carried out in parallel. Furthermore, in certain
example embodiments, less, more, or different operations
than those depicted in FIGS. 1-7 may be performed.

[0065] Although specific embodiments of the disclosure
have been described, one of ordinary skill 1n the art wall
recognize that numerous other modifications and alternative
embodiments are within the scope of the disclosure. For
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example, any of the functionality and/or processing capa-
bilities described with respect to a particular device or
component may be performed by any other device or
component. Further, while various illustrative implementa-
tions and architectures have been described 1n accordance
with embodiments of the disclosure, one of ordinary skill in
the art will appreciate that numerous other modifications to
the illustrative implementations and architectures described
herein are also within the scope of this disclosure.

[0066] Certain aspects of the disclosure are described
above with reference to block and flow diagrams of systems,
methods, apparatuses, and/or computer program products
according to example embodiments. It will be understood
that one or more blocks of the block diagrams and flow
diagrams, and combinations of blocks in the block diagrams
and the flow diagrams, respectively, may be implemented by
the execution of computer-executable program instructions.
Likewise, some blocks of the block diagrams and tlow
diagrams may not necessarily need to be performed in the
order presented, or may not necessarily need to be per-
formed at all, according to some embodiments. Further,
additional components and/or operations beyond those
depicted 1n blocks of the block and/or flow diagrams may be
present 1n certain embodiments.

[0067] Accordingly, blocks of the block diagrams and
flow diagrams support combinations of means for perform-
ing the specified functions, combinations of elements or
steps for performing the specified functions, and program
instruction means for performing the specified functions. It
will also be understood that each block of the block dia-
grams and tlow diagrams, and combinations of blocks 1n the
block diagrams and flow diagrams, may be implemented by
special-purpose, hardware-based computer systems that per-
form the specified functions, elements or steps, or combi-
nations of special-purpose hardware and computer instruc-
tions.

[lustrative Computer Architecture

[0068] FIG. 8 1s a schematic block diagram of one or more
illustrative computer system(s) 800 associated with a shuttle
rail system in accordance with one or more example
embodiments of the disclosure. The computer system(s) 800
may include any suitable computing device including, but
not limited to, a server system, a voice interaction device, a
mobile device such as a smartphone, a tablet, an e-reader, a
wearable device, or the like; a desktop computer; a laptop
computer; a content streaming device; or the like. The
computer system(s) 800 may correspond to an illustrative
device configuration for the controller(s) or computer sys-
tem(s) ol FIGS. 1-7. For example, the computer system(s)
800 may be a controller and may control one or more aspects
of the conveyors on shuttles described in FIGS. 1-7 and/or
may be configured to direct movement of shuttles along
tracks to certain delivery locations.

[0069] The computer system(s) 800 may be configured to
communicate with one or more servers, user devices, or the
like. The computer system(s) 800 may be configured to
control shuttle movement, conveyor movement, rail
switches, i1dentity shuttles, direct shuttles, move shuttles,
and so forth.

[0070] The computer system(s) 800 may be configured to
communicate via one or more networks. Such network(s)
may include, but are not limited to, any one or more different
types of communications networks such as, for example,
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cable networks, public networks (e.g., the Internet), private
networks (e.g., frame-relay networks), wireless networks,
cellular networks, telephone networks (e.g., a public
switched telephone network), or any other suitable private or
public packet-switched or circuit-switched networks. Fur-
ther, such network(s) may have any suitable communication
range associated therewith and may include, for example,
global networks (e.g., the Internet), metropolitan area net-
works (MANSs), wide area networks (WANSs), local area
networks (LANSs), or personal area networks (PANs). In
addition, such network(s) may include communication links
and associated networking devices (e.g., link-layer switches,
routers, etc.) for transmitting network traflic over any suit-
able type of medium including, but not limited to, coaxial
cable, twisted-pair wire (e.g., twisted-pair copper wire),
optical fiber, a hybnd fiber-coaxial (HFC) medium, a micro-
wave medium, a radio frequency communication medium, a
satellite  commumnication medium, or any combination
thereof.

[0071] In an illustrative configuration, the computer sys-
tem(s) 800 may include one or more processors (processor
(s)) 802, one or more memory devices 804 (also referred to
herein as memory 804), one or more mput/output (I/O)
interface(s) 806, one or more network interface(s) 808, one
or more sensor(s) or sensor interface(s) 810, one or more
transceiver(s) 812, one or more optional display(s) 814, one
or more optional microphone(s) 816, and data storage 820.
The computer system(s) 800 may further include one or
more bus(es) 818 that functionally couple various compo-
nents of the computer system(s) 800. The computer system
(s) 800 may further include one or more antenna(s) 830 that
may include, without limitation, a cellular antenna for
transmitting or receiving signals to/from a cellular network
inirastructure, an antenna for transmitting or recerving Wi-Fi
signals to/from an access point (AP), a Global Navigation
Satellite System (GNSS) antenna for receiving GNSS sig-
nals from a GNSS satellite, a Bluetooth antenna for trans-
mitting or receiving Bluetooth signals, a Near Field Com-
munication (NFC) antenna for transmitting or receiving
NFC signals, and so forth. These various components will be
described 1n more detail hereinafter.

[0072] The bus(es) 818 may include at least one of a
system bus, a memory bus, an address bus, or a message bus,
and may permit the exchange of information (e.g., data
(including computer-executable code), signaling, etc.)
between various components of the computer system(s) 800.
The bus(es) 818 may include, without limitation, a memory
bus or a memory controller, a peripheral bus, an accelerated
graphics port, and so forth. The bus(es) 818 may be asso-
ciated with any suitable bus architecture including, without
limitation, an Industry Standard Architecture (ISA), a Micro
Channel Architecture (MCA), an Enhanced ISA (EISA), a
Video Electronics Standards Association (VESA) architec-
ture, an Accelerated Graphics Port (AGP) architecture, a
Peripheral Component Interconnect (PCI) architecture, a
PCI-Express architecture, a Personal Computer Memory
Card International Association (PCMCIA) architecture, a
Universal Serial Bus (USB) architecture, and so forth.

[0073] The memory 804 of the computer system(s) 800
may include volatile memory (memory that maintains its
state when supplied with power) such as random access
memory (RAM) and/or non-volatile memory (memory that
maintains its state even when not supplied with power) such
as read-only memory (ROM), flash memory, ferroelectric
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RAM (FRAM), and so forth. Persistent data storage, as that
term 1s used herein, may include non-volatile memory. In
certain example embodiments, volatile memory may enable
taster read/write access than non-volatile memory. However,
in certain other example embodiments, certain types of
non-volatile memory (e.g., FRAM) may enable faster read/
write access than certain types of volatile memory.

[0074] In various implementations, the memory 804 may
include multiple different types of memory such as various
types of static random access memory (SRAM), various
types of dynamic random access memory (DRAM), various
types ol unalterable ROM, and/or writeable variants of
ROM such as electrically erasable programmable read-only
memory (EEPROM), flash memory, and so forth. The
memory 804 may include main memory as well as various
forms of cache memory such as instruction cache(s), data
cache(s), translation lookaside bufler(s) (ITLBs), and so
forth. Further, cache memory such as a data cache may be a
multi-level cache organized as a hierarchy of one or more

cache levels (L1, L2, etc.).

[0075] The data storage 820 may include removable stor-
age and/or non-removable storage including, but not limited
to, magnetic storage, optical disk storage, and/or tape stor-
age. The data storage 820 may provide non-volatile storage
of computer-executable instructions and other data. The
memory 804 and the data storage 820, removable and/or
non-removable, are examples of computer-readable storage
media (CRSM) as that term 1s used herein.

[0076] The data storage 820 may store computer-execut-
able code, mstructions, or the like that may be loadable into
the memory 804 and executable by the processor(s) 802 to
cause the processor(s) 802 to perform or initiate various
operations. The data storage 820 may additionally store data
that may be copied to the memory 804 for use by the
processor(s) 802 during the execution of the computer-
executable instructions. Moreover, output data generated as
a result of execution of the computer-executable instructions
by the processor(s) 802 may be stored mitially in the
memory 804, and may ultimately be copied to the data
storage 820 for non-volatile storage.

[0077] More specifically, the data storage 820 may store
one or more operating systems (O/S) 822; one or more
database management systems (DBMS) 824; and one or
more program module(s), applications, engines, computer-
executable code, scripts, or the like. Some or all of these
module(s) may be sub-module(s). Any of the components
depicted as being stored 1n the data storage 820 may include
any combination of software, firmware, and/or hardware.
The software and/or firmware may include computer-ex-
ecutable code, instructions, or the like that may be loaded
into the memory 804 for execution by one or more of the
processor(s) 802. Any of the components depicted as being
stored 1n the data storage 820 may support functionality
described 1n reference to corresponding components named
carlier 1n this disclosure.

[0078] The data storage 820 may further store various
types of data utilized by the components of the computer
system(s) 800. Any data stored in the data storage 820 may
be loaded into the memory 804 for use by the processor(s)
802 1n executing computer-executable code. In addition, any
data depicted as being stored in the data storage 820 may
potentially be stored in one or more datastore(s) and may be
accessed via the DBMS 824 and loaded 1n the memory 804

for use by the processor(s) 802 1n executing computer-
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executable code. The datastore(s) may include, but are not
limited to, databases (e.g., relational, object-oriented, etc.),
file systems, flat files, distributed datastores 1n which data 1s
stored on more than one node of a computer network,
peer-to-peer network datastores, or the like.

[0079] The processor(s) 802 may be configured to access
the memory 804 and execute the computer-executable
instructions loaded therein. For example, the processor(s)
802 may be configured to execute the computer-executable
instructions of the various program module(s), applications,
engines, or the like of the computer system(s) 800 to cause
or facilitate various operations to be performed 1n accor-
dance with one or more embodiments of the disclosure. The
processor(s) 802 may include any suitable processing unit
capable of accepting data as input, processing the input data
in accordance with stored computer-executable 1nstructions,
and generating output data. The processor(s) 802 may
include any type of suitable processing unit including, but
not limited to, a central processing unit, a microprocessor, a
Reduced Instruction Set Computer (RISC) microprocessor,
a Complex Instruction Set Computer (CISC) microproces-
sor, a microcontroller, an Application Specific Integrated
Circuit (ASIC), a Field-Programmable Gate Array (FPGA),
a System-on-a-Chip (SoC), a digital signal processor (DSP),
and so forth. Further, the processor(s) 802 may have any
suitable microarchitecture design that includes any number
ol constituent components such as, for example, registers,
multiplexers, arthmetic logic units, cache controllers for
controlling read/write operations to cache memory, branch
predictors, or the like. The microarchitecture design of the
processor(s) 802 may be capable of supporting any of a
variety of instruction sets.

[0080] Referring now to other illustrative components
depicted as being stored 1n the data storage 820, the 0/S 822
may be loaded from the data storage 820 into the memory
804 and may provide an 1nterface between other application
soltware executing on the computer system(s) 800 and the
hardware resources of the computer system(s) 800. More
specifically, the 0/S 822 may include a set of computer-
executable mstructions for managing the hardware resources
of the computer system(s) 800 and for providing common
services to other application programs (e.g., managing
memory allocation among various application programs). In
certain example embodiments, the 0/S 822 may control
execution of the other program module(s). The O/S 822 may
include any operating system now known or which may be
developed 1n the future including, but not limited to, any
server operating system, any mainirame operating system,
or any other proprietary or non-proprietary operating sys-
tem.

[0081] The DBMS 824 may be loaded into the memory

804 and may support functionality for accessing, retrieving,
storing, and/or manipulating data stored in the memory 804
and/or data stored 1n the data storage 820. The DBMS 824
may use any of a variety of database models (e.g., relational
model, object model, etc.) and may support any of a variety
of query languages. The DBMS 824 may access data rep-
resented 1n one or more data schemas and stored n any
suitable data repository including, but not limited to, data-
bases (e.g., relational, object-oriented, etc.), file systems, flat
files, distributed datastores 1n which data 1s stored on more
than one node of a computer network, peer-to-peer network
datastores, or the like. In those example embodiments 1n
which the computer system(s) 800 1s a mobile device, the
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DBMS 824 may be any suitable lightweight DBMS opti-
mized for performance on a mobile device.

[0082] Referring now to other illustrative components of
the computer system(s) 800, the input/output (I/0) intertace
(s) 806 may facilitate the receipt of input information by the
computer system(s) 800 from one or more I/O devices as
well as the output of information from the computer system
(s) 800 to the one or more I/O devices. The I/0O devices may
include any of a variety of components such as a display or
display screen having a touch surface or touchscreen; an
audio output device for producing sound, such as a speaker;
an audio capture device, such as a microphone; an 1mage
and/or video capture device, such as a camera; a haptic unit;
and so forth. Any of these components may be integrated
into the computer system(s) 800 or may be separate. The I/O
devices may further include, for example, any number of
peripheral devices such as data storage devices, printing
devices, and so forth.

[0083] The I/O interface(s) 806 may also include an
interface for an external peripheral device connection such
as unmiversal serial bus (USB), FireWire, Thunderbolt, Eth-
ernet port or other connection protocol that may connect to
one or more networks. The I/O interface(s) 806 may also
include a connection to one or more of the antenna(s) 830 to
connect to one or more networks via a wireless local area
network (WLAN) (such as Wi-Fi1) radio, Bluetooth, ZigBee,
and/or a wireless network radio, such as a radio capable of
communication with a wireless communication network
such as a Long Term Evolution (LTE) network, WiMAX
network, 3G network, a ZigBee network, efc.

[0084] The computer system(s) 800 may further include
one or more network interface(s) 808 via which the com-
puter system(s) 800 may communicate with any of a variety
of other systems, platforms, networks, devices, and so forth.
The network interface(s) 808 may enable communication,
for example, with one or more wireless routers, one or more
host servers, one or more web servers, and the like via one
or more networks.

[0085] The antenna(s) 830 may include any suitable type
of antenna depending, for example, on the communications
protocols used to transmit or receive signals via the antenna
(s) 830. Non-limiting examples of suitable antenna(s) may
include directional antenna(s), non-directional antenna(s),
dipole antenna(s), folded dipole antenna(s), patch antenna
(s), multiple-input multiple-output (MIMO) antenna(s), or
the like. The antenna(s) 830 may be communicatively
coupled to one or more transceivers 812 or radio compo-
nents to which or from which signals may be transmitted or
received.

[0086] As previously described, the antenna(s) 830 may
include a cellular antenna configured to transmit or receive
signals 1n accordance with established standards and proto-
cols, such as Global System for Mobile Communications
(GSM), 3G standards (e.g., Universal Mobile Telecommu-
nications System (UMTS), Wideband Code Division Mul-
tiple Access (W-CDMA), CDMA2000, etc.), 4G standards
(e.g., Long-Term Evolution (LTE), WiMax, etc.), direct
satellite communications, or the like.

[0087] The antenna(s) 830 may additionally, or alterna-
tively, include a Wi-F1 antenna configured to transmit or
receive signals 1n accordance with established standards and
protocols, such as the IEEE 802.11 family of standards,
including via 2.4 GHz channels (e.g., 802.11b, 802.11g,
802.11n), 5 GHz channels (e.g., 802.11n, 802.11ac), or 60
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GHz channels (e.g., 802.11ad). In alternative example
embodiments, the antenna(s) 830 may be configured to
transmit or receive radio frequency signals within any
suitable frequency range forming part of the unlicensed
portion of the radio spectrum.

[0088] The antenna(s) 830 may additionally, or alterna-
tively, include a GNSS antenna configured to recerve GNSS
signals from three or more GNSS satellites carrying time-
position information to triangulate a position therefrom.
Such a GNSS antenna may be configured to recetve GINSS
signals from any current or planned GNSS such as, for
example, the Global Positioning System (GPS), the GLO-
NASS System, the Compass Navigation System, the Galileo
System, or the Indian Regional Navigational System.

[0089] The transceiver(s) 812 may include any suitable
radio component(s) for—in cooperation with the antenna(s)
830—transmitting or receiving radio frequency (RF) signals
in the bandwidth and/or channels corresponding to the
communications protocols utilized by the computer system
(s) 800 to communicate with other devices. The transceiver
(s) 812 may include hardware, software, and/or firmware for
modulating, transmitting, or receiving—ypotentially in coop-
cration with any of antenna(s) 830—communications sig-
nals according to any of the communications protocols
discussed above including, but not limited to, one or more
Wi-F1 and/or Wi-F1 direct protocols, as standardized by the
IEEE 802.11 standards, one or more non-Wi-F1 protocols, or
one or more cellular communications protocols or standards.
The transceiver(s) 812 may further include hardware, firm-
ware, or soltware for receiving GNSS signals. The trans-
ceiver(s) 812 may include any known receiver and baseband
suitable for communicating via the communications proto-
cols utilized by the computer system(s) 800. The transceiver
(s) 812 may further include a low noise amplifier (LNA),
additional signal amplifiers, an analog-to-digital (A/D) con-
verter, one or more bullers, a digital baseband, or the like.
[0090] The sensor(s)/sensor mterface(s) 810 may include
or may be capable of interfacing with any suitable type of
sensing device such as, for example, 1nertial sensors, force
sensors, thermal sensors, photocells, and so forth. Example
types of inertial sensors may include accelerometers (e.g.,
MEMS-based accelerometers), gyroscopes, and so forth.

[0091] The optional display(s) 814 may be configured to
output light and/or render content. The optional speaker(s)/
microphone(s) 816 may be any device configured to receive
analog sound input or voice data.

[0092] It should be appreciated that the program module
(s), applications, computer-executable instructions, code, or
the like depicted in FIG. 8 as being stored 1n the data storage
820 are merely 1llustrative and not exhaustive and that
processing described as being supported by any particular
module may alternatively be distributed across multiple
module(s) or performed by a different module. In addition,
vartous program module(s), script(s), plug-in(s), Applica-
tion Programming Interface(s) (API(s)), or any other suit-
able computer-executable code hosted locally on the com-
puter system(s) 800, and/or hosted on other computing
device(s) accessible via one or more networks, may be
provided to support functionality provided by the program
module(s), applications, or computer-executable code
depicted 1in FIG. 8 and/or additional or alternate function-
ality. Further, functionality may be modularized diflerently
such that processing described as being supported collec-
tively by the collection of program module(s) depicted in
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FIG. 8 may be performed by a fewer or greater number of
module(s), or functionality described as being supported by
any particular module may be supported, at least in part, by
another module. In addition, program module(s) that support
the functionality described herein may form part of one or
more applications executable across any number of systems
or devices 1n accordance with any suitable computing model
such as, for example, a client-server model, a peer-to-peer
model, and so forth. In addition, any of the functionality
described as being supported by any of the program module
(s) depicted 1n FIG. 8 may be implemented, at least partially,
in hardware and/or firmware across any number of devices.

[0093] It should further be appreciated that the computer
system(s) 800 may include alternate and/or additional hard-
ware, soltware, or firmware components beyond those
described or depicted without departing from the scope of
the disclosure. More particularly, 1t should be appreciated
that soitware, firmware, or hardware components depicted
as forming part of the computer system(s) 800 are merely
illustrative and that some components may not be present or
additional components may be provided in various embodi-
ments. While various 1illustrative program module(s) have
been depicted and described as software module(s) stored 1n
the data storage 820, it should be appreciated that function-
ality described as being supported by the program module(s)
may be enabled by any combination of hardware, software,
and/or firmware. It should further be appreciated that each of
the above-mentioned module(s) may, 1 various embodi-
ments, represent a logical partitioning of supported func-
tionality. This logical partitioning 1s depicted for ease of
explanation of the functionality and may not be representa-
tive of the structure of software, hardware, and/or firmware
for implementing the functionality. Accordingly, 1t should be
appreciated that functionality described as being provided
by a particular module may, 1n various embodiments, be
provided at least 1n part by one or more other module(s).
Further, one or more depicted module(s) may not be present
in certain embodiments, while 1n other embodiments, addi-
tional module(s) not depicted may be present and may
support at least a portion of the described functionality
and/or additional functionality. Moreover, while certain
module(s) may be depicted and described as sub-module(s)
of another module, 1n certain embodiments, such module(s)

may be provided as independent module(s) or as sub-module
(s) of other module(s).

[0094] Program module(s), applications, or the like dis-
closed herein may include one or more soitware components
including, for example, software objects, methods, data
structures, or the like. Each such software component may
include computer-executable instructions that, responsive to
execution, cause at least a portion of the functionality
described herein (e.g., one or more operations of the 1llus-
trative methods described herein) to be performed.

[0095] A software component may be coded in any of a
variety of programming languages. An 1llustrative program-
ming language may be a lower-level programming language
such as an assembly language associated with a particular
hardware architecture and/or operating system platform. A
soltware component comprising assembly language instruc-
tions may require conversion into executable machine code
by an assembler prior to execution by the hardware archi-
tecture and/or platform.

[0096] Another example programming language may be a
higher-level programming language that may be portable
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across multiple architectures. A software component coms-
prising higher-level programming language instructions
may require conversion to an imtermediate representation by
an interpreter or a compiler prior to execution.

[0097] Other examples of programming languages
include, but are not limited to, a macro language, a shell or
command language, a job control language, a script lan-
guage, a database query or search language, or a report
writing language. In one or more example embodiments, a
soltware component comprising instructions in one of the
foregoing examples of programming languages may be
executed directly by an operating system or other software
component without having to be first transformed into
another form.

[0098] A software component may be stored as a file or
other data storage construct. Software components of a
similar type or functionally related may be stored together
such as, for example, mn a particular directory, folder, or
library. Software components may be static (e.g., pre-estab-
lished or fixed) or dynamic (e.g., created or modified at the
time of execution).

[0099] Software components may invoke or be invoked by
other software components through any of a wide variety of
mechanisms. Invoked or imvoking solftware components
may comprise other custom-developed application software,
operating system functionality (e.g., device drivers, data
storage (e.g., flle management) routines, other common
routines and services, etc.), or third-party software compo-
nents (e.g., middleware, encryption, or other security soft-
ware, database management software, file transier or other
network communication software, mathematical or statisti-
cal software, image processing software, and format trans-
lation software).

[0100] Software components associated with a particular
solution or system may reside and be executed on a single
platiorm or may be distributed across multiple platiforms.
The multiple platforms may be associated with more than
one hardware vendor, underlying chip technology, or oper-
ating system. Furthermore, software components associated
with a particular solution or system may be mitially written
In one or more programming languages, but may invoke
soltware components written 1n another programming lan-
guage.

[0101] Computer-executable program instructions may be
loaded onto a special-purpose computer or other particular
machine, a processor, or other programmable data process-
ing apparatus to produce a particular machine, such that
execution of the instructions on the computer, processor, or
other programmable data processing apparatus causes one or
more functions or operations specified 1n the tflow diagrams
to be performed. These computer program mstructions may
also be stored mn a computer-readable storage medium
(CRSM) that upon execution may direct a computer or other
programmable data processing apparatus to function in a
particular manner, such that the instructions stored in the
computer-readable storage medium produce an article of
manufacture including instruction means that implement
one or more functions or operations specified 1 the flow
diagrams. The computer program 1nstructions may also be
loaded onto a computer or other programmable data pro-
cessing apparatus to cause a series ol operational elements
or steps to be performed on the computer or other program-
mable apparatus to produce a computer-implemented pro-
Cess.
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[0102] Additional types of CRSM that may be present 1n
any of the devices described herein may include, but are not
limited to, programmable random access memory (PRAM),
SRAM, DRAM, RAM, ROM, eclectrically erasable pro-
grammable read-only memory (EEPROM), tlash memory or
other memory technology, compact disc read-only memory
(CD-ROM), digital versatile disc (DVD) or other optical
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other
medium which can be used to store the imformation and
which can be accessed. Combinations of any of the above
are also included within the scope of CRSM. Alternatively,
computer-readable communication media (CRCM) may
include computer-readable instructions, program module(s),
or other data transmitted within a data signal, such as a
carrier wave, or other transmission. However, as used

herein, CRSM does not include CRCM.

[0103] Although embodiments have been described 1n
language specific to structural features and/or methodologi-
cal acts, 1t 1s to be understood that the disclosure 1s not
necessarily limited to the specific features or acts described.
Rather, the specific features and acts are disclosed as 1llus-
trative forms of implementing the embodiments. Condi-
tional language, such as, among others, “can,” *“could,”
“might,” or “may,” unless specifically stated otherwise, or
otherwise understood within the context as used, 1s generally
intended to convey that certain embodiments could include,
while other embodiments do not include, certain features,
clements, and/or steps. Thus, such conditional language 1s
not generally intended to imply that features, elements,
and/or steps are 1 any way required for one or more
embodiments or that one or more embodiments necessarily
include logic for deciding, with or without user input or
prompting, whether these features, elements, and/or steps
are 1ncluded or are to be performed in any particular
embodiment.

1. A system comprising:
a set of rails that form a track:
a shuttle configured to transport individual items from a

pickup location to a delivery location using the set of
rails, the shuttle comprising:

a bidirectional conveyor;
a first induction coil; and

a data recerver module configured to receive command
data indicative of a direction to actuate the conveyor;

a second induction coil disposed at a first location along
the track, wherein the second induction coil 1s config-
ured to interact with the first induction coil to power the
conveyor and the data recerver module;

a first data transmitter module disposed along the track
adjacent to the second induction coil, the first data
transmitter module configured to transmit the com-
mand data;

a third induction coil disposed at a second location along
the track, wherein the third induction coil 1s configured
to interact with the first induction coil to power the
conveyor and the data receiver module; and

a second data transmitter module disposed along the track
adjacent to the third induction coil, the second data
transmitter module configured to transmit the com-
mand data;

wherein the shuttle does not comprise an onboard power
source coupled to the conveyor, and wherein the con-
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veyor 1s moperable along the track between the first
location and the second location due to a lack of power.

2. The system of claim 1, wherein the command data 1s

transmitted via the second induction coil or the third induc-
tion coil.

3. The system of claim 1, wherein the second induction
coil interacts with the first induction coil by imparting an
electric current to the first induction coil when the first
induction coil 1s within a distance of the second induction
coil.

4. The system of claim 1, wherein the shuttle further
comprises a permanent magnet coupled to a lower surface of
the shuttle, and wherein the system further comprises:

a set of electromagnets disposed along the set of rails;

wherein the permanent magnet 1s configured to engage
with the set of electromagnets to propel the shuttle.

5. A system configured to transport items, the system
comprising;
a track;

a first data transmitter module disposed along the track,
the first data transmitter module configured to transmit
command data;

a shuttle configured to move along the track, the shuttle
comprising;
a conveyor;

a data receiver module to receive the command data;
and

a first induction coil; and

a second induction coil disposed at a first location along
the track, wherein the second induction coil 1s config-
ured to interact with the first induction coil to power the
CONveyor;

wherein the shuttle does not comprise an onboard power
source coupled to the conveyor, and wherein the con-
veyor 1s moperable along the track between the first
location and a second location due to a lack of power.

6. The system of claim 5, wherein the shuttle 1s configured
to recetve command data representing one or more of: a
direction the conveyor 1s to be actuated, a length of time the
conveyor 1s to be actuated, or a stop position for the shuttle
relative to the track.

7. The system of claim 5, wherein the conveyor 1s
configured to move bidirectionally.

8. (canceled)

9. The system of claim 5, wherein the command data 1s
transmitted via the second induction coail.

10. The system of claim 5, further comprising;

a third induction coil disposed at the second location
along the track, wherein the third induction coil 1s
configured to interact with the first induction coil to
power the conveyor and the data recerver module; and

a second data transmitter module disposed along the
track, the second data transmitter module configured to
transmit the command data.

11. The system of claim 5, wherein the data receiver
module 1s moperable along the track between the first
location and the second location due to a lack of power.

12. The system of claim 11, wherein the shuttle 1s con-
figured to transport items from a pickup location to a
delivery location using the track, the system further com-
prising:
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a remote computer system configured to direct the shuttle
from the pickup location to the delivery location,
wherein the delivery location 1s aligned with the second
induction coil.

13. The system of claim 12, wherein the data receiver
module and the first data transmitter module are transceiv-
ers; and

wherein the data receiver module or the first data trans-
mitter module are further configured to transmit a
shuttle status indicator to the remote computer system.

14. The system of claim 5, wherein the shuttle further
comprises a permanent magnet coupled to a lower surface of
the shuttle, and wherein the system further comprises:

a set of electromagnets disposed along the track;

wherein the permanent magnet 1s configured to engage
with the set of electromagnets to propel the shuttle.

15. The system of claim 5, wherein the second induction
coill interacts with the first induction coil by imparting an
electric current to the first induction coil when the first
induction coil 1s within a distance of the second induction
coil.

16. An 1tem delivery system comprising:
a track;

a first data transmitter module disposed along the track,
the first data transmitter module configured to transmut
command data;

a shuttle configured to move along the track, the shuttle
comprising:
a conveyor;

a data receiver module to receive the command data;
and

a first induction coail;

a second 1nduction coil disposed at a first location along,
the track, wherein the second induction coil 1s config-
ured to interact with the first induction coil to power the
conveyor; and

a third induction coil disposed at a second location along
the track, wherein the third induction coil 1s configured
to interact with the first induction coil to power the
CONVEYor;

wherein the conveyor 1s 1noperable along the track
between the first location and the second location due
to a lack of power.

17. The 1tem delivery system of claim 16, further com-
prising:
a second data transmitter module disposed along the

track, the second data transmitter module configured to
transmit the command data.

18. The item delivery system of claim 16, wherein the
command data 1s transmitted via the second induction coail.

19. The item delivery system of claim 16, wherein the
shuttle 1s configured to transport items from a pickup
location to a delivery location using the track, the item
delivery system further comprising:

a remote computer system configured to direct the shuttle
from the pickup location to the delivery location,

wherein the delivery location 1s aligned with the second
induction coil.

20. The item delivery system of claim 16, wherein the
shuttle further comprises a permanent magnet coupled to a
lower surface of the shuttle, and wherein the system further
COmprises:
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a set of electromagnets disposed along the track;
wherein the permanent magnet 1s configured to engage
with the set of electromagnets to propel the shuttle.
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