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ROBOTIC ITEM RETRIEVAL AND DISTRIBUTION SYSTEM

Background of the Invention

[0001] Automated storage and retrieval systems have a long history of integrating
many different kinds of technologies. Solutions for moving material within different
environments often include either a robotic arm component, a manipulator, or a mobile
robotic platform. Sometimes these elements are integrated together, but more often than
not, these elements are utilized in such a way that they perform functions separate from each
other. Solutions may also integrate mobile robots that don’t include robotic arms or
manipulators, or robotic arms and manipulators that only operate in conjunction with
conveyor belts rather than with mobile robots.

[0002] Many of these solutions may still be very limiting in terms of the accuracy and
speed with which they are able to retrieve and distribute items within environments that
include a large variety of goods and material having various kinds of weights, sizes, and
geometries. The cost of such solutions may also be improved upon by standardizing the
physical interface with which each item is grabbed and moved by, and through the methods
by which each item is tracked.

[0003] The implementation of computer vision is often used at present to detect the

orientation and identity of an item so that it may be picked from a larger group of items by a
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robotic manipulator. While this provides a viable solution, it is still hot one hundred percent
accurate, especially as it relates to providing the information needed for a gripper to grab an
item and then place it accurately. Releasing items so that they are dropped into a bin without
exact placement precision is instead the case with most solutions that use computer vision

for the manipulation of material today.

Brief Summary of the Embodiments of the Invention

[0004] To overcome the limitations that the current solutions provide at present,
physical standardization, mechanical predictability, and accurate tracking are major
components that can be leveraged to provide a more precise and efficient solution for
material handling within large scale distribution environments. There is a need for a robotic
storage and retrieval system that can achieve greater accuracy through the use of carrier
cartridges that are provided for each individual item. Each carrier cartridge may include a
universal interface to ensure that a gripper can easily grab and move each item in the same
way every time to reduce complexity and improve accuracy. A radio-frequency identification
(RFID) tag may also be included with each carrier cartridge to provide a method for absolute
tracking of all items.

[0005] Many of these solutions may still be very limiting in terms of the accuracy and
speed with which they are able to retrieve and distribute items within environments that
include a large variety of goods and material having various kinds of weights, sizes, and
geometries. The cost of such solutions may also be improved upon by standardizing the
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physical interface with which each item is grabbed and moved by, and through the methods
by which each item is tracked.

[0006] A robotic vehicle with a local manipulator is also provided to allow items to
be picked from gravity feed shelves. A local storage platform may be included with each
robotic vehicle. Elevators and other kinds of carrier mobile robots may also be integrated

with the entire automated storage and retrieval system.

Brief Description of the Drawings

[0007] The technology disclosed herein, in accordance with one or more various
embodiments, is described in detail with reference to the following figures. The drawings are
provided for purposes of illustration only and merely depict typical or example embodiments
of the disclosed technology. These drawings are provided to facilitate the reader’s
understanding of the disclosed technology and shall not be considered limiting of the breadth,
scope, or applicability thereof. It should be noted that for clarity and ease of illustration these
drawings are not necessarily made to scale.

[0008] FIG. 1 is a view of one embodiment of a robotic end effector and a carrier
platform coupled to a base drive plate, in accordance with one or more embodiments of the
present disclosure.

[0009] FIG. 2 is a partially exploded view of one embodiment of a robotic end effector
and a carrier platform coupled to a base drive plate, in accordance with one or more

embodiments of the present disclosure.
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[0010] FIG. 3 is a fully exploded view of one embodiment of a robotic end effector
and carrier platform coupled to a base drive plate, in accordance with one or more
embodiments of the present disclosure.

[0011] FIG. 4 illustrates a top view of a motion sequence for the gripper portion of a
robotic end effector, in accordance with one or more embodiments of the present disclosure.

[0012] FIG. 5 illustrates a top view of a motion sequence for a robotic end effector
and a carrier plate grabbing and then ejecting an item, in accordance with one or more
embodiments of the present disclosure.

[0013] FIG. 6 is a view of a robotic end effector and carrier plate shown detached
from a drive plate and another embodiment of a robotics end effector and carrier plate shown
detached from a drive plate, in accordance with one or more embodiments of the present
disclosure.

[0014] FIG. 7 illustrates another lifting motion sequence for a robotic end effector
and a carrier plate shown in FIG. 6, in accordance with one or more embodiments of the
present disclosure.

[0015] FIG. 8 is a view of a robotic system and its supporting structure with the end
effector shown in FIG. 1 integrated with a gantry and a belt drive to provide actuation along
its long axis, and a second belt drive integrated to actuate the end effector along its short axis,
in accordance with one or more embodiments of the present disclosure.

[0016] FIG. 9 is a view of a robotic system and its support structure with the end

effector shown in FIG. 1 integrated with a gantry and wheels to provide actuation along its
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long axis, and a belt drive integrated to actuate the end effector along its short axis, in
accordance with one or more embodiments of the present disclosure.

[0017] FIG. 10 is a view a robotic system and its supporting structure with the end
effector shown in FIG. 1 integrated with a gantry, which is actuated by a first set of wheels
along its long axis and a second set of wheels situated perpendicular to the first set of wheels
to move the gantry perpendicularly, and a belt drive to actuate the end effector along the
system's short axis, in accordance with one or more embodiments of the present disclosure.

[0018] FIG. 11 is aview of a robotic system which integrates the embodiments shown
from FIG. 8 or 9 in a stacked configuration, in accordance with one or more embodiments of
the present disclosure.

[0019] FIG. 12 illustrates a side view of a motion sequence of a robotic system and
its end effector grabbing an item which has been deployed from a gravity chute with an
integrated gate mechanism, in accordance with one or more embodiments of the present
disclosure.

[0020] FIG. 13 illustrates a perspective view of the same motion sequence shown in
FIG. 12 of a robotic system and its end effector grabbing an item, in accordance with one or
more embodiments of the present disclosure.

[0021] FIG. 14 is a view of the robotics system shown in FIG. 11 having a first set of
gravity chutes for item retrieval on each level and a second set of gravity chutes used for
package distribution to conveyor belts situated below, in accordance with one or more

embodiments of the present disclosure.
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[0022] FIG. 15 is a view of the robotic system shown in FIG. 11 having a first set of
gravity chutes for item retrieval and a set of mobile robots carrying bins to retrieve the items
ejected from the end effectors above, in accordance with one or more embodiments of the
present disclosure.

[0023] FIG. 16 is a view of the robotic system from FIG. 14 shown retrieving items
from a truck unloading dock, in accordance with one or more embodiments of the present
disclosure.

[0024] FIG. 17 is a view of three common store items contained within separate
carrier cartridges, each of which include an embedded RFID sensor, a gripper interface on
each side, and compression locks, in accordance with one or more embodiments of the
present disclosure.

[0025] FIG. 18 is a diagram of a carrier cartridge containing a store item highlighting
an example compression lock feature, in accordance with one or more embodiments of the
present disclosure.

[0026] FIG. 19 is a sectional view diagram of a carrier cartridge and its underlying
latch mechanism in an open and closed state, in accordance with one or more embodiments
of the present disclosure.

[0027] FIG. 20 is a diagram of the end effector from FIG. 1 shown grabbing items
contained within carrier cartridges from a gravity chute as an overhead RFID antenna reads
the RFID sensors embedded within the end effector and each of the carrier cartridges below,

in accordance with one or more embodiments of the present disclosure.
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[0028] FIG. 21 is a diagram of the end effector from FIG. 1 shown grabbing an item
held in a carrier cartridge, then two items held in two separate carrier cartridges, and then
three items held in three separate carrier cartridges, all deployed from a gravity chute, in
accordance with one or more embodiments of the present disclosure.

[0029] FIG. 22 is a sectional view diagram of the end effector from FIG. 1 shown
grabbing and relocating a carrier cartridge, with an item held inside, from a gravity chute onto
the end effector's carrier platform, in accordance with one or more embodiments of the
present disclosure.

[0030] FIG. 23 is a diagram of a robotic system with the end effector from FIG. 1
shown in operation retrieving multiple jars of mayonnaise, each held within its own carrier
cartridge, and then relocating those jars of mayonnaise from a gravity chute to a local gantry
carrier platform, in accordance with one or more embodiments of the present disclosure.

[0031] FIG. 24 is a diagram of a robotic system with the end effector from FIG. 1
shown in operation retrieving an example gallon of milk, held within its own carrier cartridge,
and then relocating that gallon of milk from a gravity chute to a local gantry carrier platform,
in accordance with one or more embodiments of the present disclosure.

[0032] FIG. 25a is a diagram of a robotic system with the end effector from FIG. 1
shown in operation retrieving a loaf of bread, held within its own carrier cartridge, and then
relocating that loaf of bread from a gravity chute to a local gantry carrier platform, in

accordance with one or more embodiments of the present disclosure.
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[0033] FIG. 25b is a sequence diagram of a robotic vehicle with an end effector that
includes a gripper and a tilt plate shown in operation retrieving and distributing jars from a
gravity chute to a local gantry carrier platform, in accordance with one or more embodiments
of the present disclosure.

[0034] FIG. 25cis a continuation of FIG. 25b showing a sequence diagram of a robotic
vehicle with an end effector that includes a gripper and a tilt plate shown in operation
retrieving and distributing jars from a gravity chute to a local gantry carrier platform, in
accordance with one or more embodiments of the present disclosure.

[0035] FIG. 25d is a view of the front side of the sequence diagram from FIG. 25b
showing a robotic vehicle with an end effector that includes a gripper and a tilt plate shown
in operation retrieving and distributing jars from a gravity chute to a local gantry carrier
platform through a dynamic door opening on the back of a carrier cartridge, in accordance
with one or more embodiments of the present disclosure.

[0036] FIG. 26 is a view of a robotic system similar to FIGS. 23, 24, and 25, shown in
a stacked configuration with an elevator platform to lower items into a cart, in accordance
with one or more embodiments of the present disclosure.

[0037] FIG. 27 is a diagram of the robotic system from FIG. 26 shown distributing
items in carrier cartridges from the gantry carrier platform to an elevator carrier platform
using gravity and a mechanical gate, in accordance with one or more embodiments of the

present disclosure.
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[0038] FIG. 28 is a diagram of the robotic system from FIG. 26 shown distributing
items in carrier cartridges from an elevator carrier platform to a cart using gravity and a
mechanical gate, in accordance with one or more embodiments of the present disclosure.

[0039] FIG. 29 is a view of a robotic system which combines an embodiment
consistent with that shown in FIG. 10 with an embodiment consistent with that shown in FIG.
26 to illustrate an integrated system where items are distributed from one set of gantry
robots to the gravity chutes, and then from there the items are retrieved and distributed from
a second set of gantry robots to the elevator and cart, in accordance with one or more
embodiments of the present disclosure.

[0040] FIG. 30 is a partial view of the robotic system embodiment shown in FIG. 29
configured as a fully automated store with multiple layers, an extended structure for greater
travel, and a kiosk section for customer item selection and cart deployment, in accordance
with one or more embodiments of the present disclosure.

[0041] FIG.31is a perspective view of the robotic system shown in FIG. 29 configured
with two major blocks as a fully automated store with multiple layers, an extended structure
for greater travel, and a kiosk section for customer item selection and cart deployment, in
accordance with one or more embodiments of the present disclosure.

[0042] It will be appreciated that for simplicity and clarity of illustration, elements
shown in the figures have not necessarily been drawn to scale. For example, the dimensions
of some of the elements may be exaggerated relative to other elements for clarity. Further,

where considered appropriate, reference numerals may be repeated among the figures to
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indicate corresponding or analogous elements. It will further be appreciated that the figures
are not intended to be exhaustive or to limit the invention to the precise form disclosed. It
should be understood that the invention can be practiced with modification and alteration,

and that the disclosed technology be limited only by the claims and the equivalents thereof.

Detailed Description of the Embodiments

[0043] In the following detailed description, numerous specific details are set forth
in order to provide a thorough understanding of the disclosed technology. However, it will be
understood by those skilled in the art that the presently disclosed technology may be
practiced without these specific details. In other instances, well-known methods, procedures,
and components have not been described in detail so as not to obscure the presently
disclosed technology.

[0044] In accordance with the example embodiment shown in FIG. 1, robotic end
effector 11 is shown with one or more core components including gripper 13, which may be
situated above and coupled to carrier platform 27. Carrier platform 27 is further coupled to
base drive plate 29 through either magnetic mechanisms or a variety of other mechanisms
such that a locking action can be achieved to quickly couple and decouple end effector 11 or
any other kind of end effector from its top surface. Motor 31 is situated within drive plate 29
to provide actuation that can be translated through carrier platform 27 to in turn provide
motion to gripper 13. An intermediate layer of mechanics can be integrated within each end
effector in different configurations to accommodate different mechanical outputs, whether

- 10 --
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it be to change torque output or the end effector's fundamental kinematic output. A core
degree of freedom that allows end effector 11 to rotate centrally is enabled by a cylindrical
structural support and thrust bearing 33. As shown, the gripper 13 may be made up of a four
bar linkage with gripper ends 17 and 19 situated at the front of gripper 13 to directly
manipulate items that are being grabbed, while links 25 and 18 (link 18 is shown in a later
figure), and ejection panels 21 and 23 make up a four bar linkage to provide a robust and
consistent mechanical output which is also coupled to diagonal guide tracks below that are
situated at the top of carrier platform 27. Back support structure 15 from gripper 13 is also
along on a guide track below at the top surface of carrier platform 27 such that it is directly
attached to an internal drive mechanism and constrained to a linear motion. This linear
motion provides the actuation needed to change the position of gripper ends 17 and 19.
[0045] In accordance with the example embodiment shown in FIG. 2, robotic end
effector 11 is shown again with its core components, but here it is illustrated in a partially
exploded state to show how each major component may be interfaced with one another in
one or more embodiments. Base drive plate 29 is shown decoupled from carrier platform 27
to highlight linear actuators 49 and 51, which slide along guide channels 50 and 52
respectively and are driven through a rack and pinion mechanism coupled to motors 54 and
31 respectively. It should be understood that while a set of two motors and two linear
actuator outputs are shown, as many as six or more motors could also be configured
embedded within base drive plate 29 with their outputs having similar or alternative kinds of

drive mechanisms. Linear actuators 49 and 51 are shown with holes where a post from a
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matching linear drive mechanism from the underside of carrier plate 27 can become engaged
when base drive plate 29 is coupled to carrier platform 27 to translate motion to end effector
11 and its corresponding gripper 13. Linear actuators 49 and 51 can also be coupled to their
corresponding linear drive mechanisms from carrier platform 27 through magnets. Similarly,
magnets 41, 45, 47, and 43 which are located at the center and along the edges of base drive
plate 29 provide a magnetic force to pull and align corresponding magnets on the underside
of carrier platform 27 as a locking mechanism to couple it with base drive plate 29, and this
could also be achieved through other coupling and decoupling mechanical mechanisms.
Gripper ends 17 and 19 are diagonally guided along guide tracks 39 and 37 respectively, which
may be located at the top of carrier platform 27 and may be driven by the linear motion of
back support structure 15 of gripper 13 which is guided along linear guide channel 35.

[0046] FIG. 3 similarly shows one or more core components of end effector 11, but
in a fully exploded state to better illustrate further the internal drive mechanism details that
may be implemented in accordance with one or more embodiments of the present disclosure.
Motor 54 with an attached pinion embedded within base drive plate 29 drives the rack of
linear actuator 49 along guide channel 50 which in turn actuates linear drive 59 situated
within guide channel 58 in lower plate 53 of carrier platform 27. A rack attached with linear
drive 59 may actuate gear drive 61 to translate motion perpendicularly to linear drive 59
through the final output with linear drive 63 which is also made up of a rack. Linear drive 63
may be coupled to back support structure 15 with connecting posts that slide through upper

panel 57 of carrier platform 27 through linear guide channel 35 as also shown from FIG. 2.
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[0047] The object of the aforementioned robotic end effector and drive design is to
reduce the cost of the end effector by translating motion directly from motors that are built
directly into the robotic system's base drive plate. This effectively allows each end effector
added to the system to use the same motors, which dramatically reduces the overall cost as
a typical end effector will have its own embedded motor, especially for one used with a
robotic arm. It should be noted that a lifting and unlocking actuator and mechanism could
also be added to base drive plate 29 to more easily allow the system to swap out different
end effectors autonomously.

[0048] In accordance with the example embodiment shown in FIG. 4, gripper 13 is
shown in three states and is mechanically constructed using a four bar linkage made up of
links 18 and 25, ejection panels 21 and 23, and the links driving gripper ends 17 and 19. In the
first state 67 gripper 13 is at rest. In the second state 69 gripper 13 is shown in a partially open
state where gripper ends 17 and 19 are partially angled to allow an item to fit between them.
In the third state 71 illustrated, gripper 13 is shown in a fully expanded state whereby gripper
ends 17 and 19 are angled even further to allow a larger package to be grabbed when the full
assembly is retracted back. As gripper 13 is partially expanded and then fully expanded,
ejection panels also become angled to eject items that are grabbed by gripper 13. Variations
on this gripper design could improve precision depending on the exact application, but the
gripper design depicted allows for grabbing and ejecting to occur with a single linear motion,
which simplifies the design and also further reduces cost for the entire end effector.

Additional front panels can also be added to the sides of gripper ends 17 and 19 to allow the
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gripper to more easily adapt to angled items or items shaped differently from a rectilinear
configuration. This gripper will however work best with rectilinear shaped items such as
standard rectangular shaped packages.

[0049] FIG. 5 highlights how gripper 13 is part of the full assembly of end effector 11
along with its underlying carrier platform 27 which can grab and then eject a rectangular
shaped package while also carrying it. End effector 11 leverages gravity by allowing the item
being grabbed to also be carried on carrier platform 27, whereas a typical robotic arm, or
articulated robot, would need to use extra degrees of freedom and additional torque to lift
an item. Extra force from the gripper would also need to be applied to the item being
manipulated in a standard articulated robot or robotic arm configuration. Similar to FIG. 4,
FIG. 5 shows gripper ends 17 and 19 of gripper 13 first grabbing package 81 in the second
state 75, and then ejecting it with ejection panels 21 and 23 in the third state 77 and fourth
state 79.

[0050] In accordance with the example embodiments shown in FIG. 6, a first
embodiment 83 shows end effector 11, which is made up of gripper 13 and carrier plate 27,
on the left side decoupled from base drive plate 29. Another embodiment 85 is shown to
highlight how the same base drive plate 29 can be coupled to a separate end effector 80 which
may be made up of an attachment platform 90 and a lifting plate 87 that allows items to be
carried and then deployed using gravity.

[0051] FIG. 7 elaborates on how end effector 80 shown in FIG. 6 works mechanically

using the same drive mechanism to actuate end effector 11 shown in previous figures. Three
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states, 89, 91, and 93 are shown in a lifted, partially lifted, and flattened state respectively.
Lifting members 95 and 97 are guided along channel 88 and may be actuated below by motor
54. The core internal mechanics for base drive plate 29 may be the same as shown in FIG. 3.

[0052] In accordance with the example embodiment shown in FIG. 8, robotic system
101 used for retrieval and distribution of items, and its support structure 103 is shown
integrated with end effector 11 and gantry 107. Along the internal axis of gantry 107 sits the
end effector drive unit 109 to which end effector 11 is coupled. A detail 113 of robotic system
101 shows the finer components to the assembly, which includes belt drive 121 driven by
motor 119 and is situated along the internal axis of gantry 107 and the end effector drive unit
109 along guide track 123 and is affixed to gantry end support 105 which rides along guide
track 117. Belt drive 115 provides actuation along the long axis of robotic system 101 and is
driven by motor 111. An additional belt drive and guide track is also mechanically coupled to
gantry end support 125 on the opposing side of robotic system 101 to provide an equal
amount of force distribution.

[0053] In accordance with the example embodiment shown in FIG. 9, similar to FIG.
8, robotic system 131 used for retrieval and distribution of items, and its support structure
103 is shown integrated with end effector 11 and gantry 107. Along the internal axis of gantry
107 sits the end effector drive unit 109 to which end effector 11 is coupled. A detail 133 of
robotic system 131 shows the finer components to the assembly, which includes belt drive
121 driven by motor 119 and is situated along the internal axis of gantry 107 and drives end

effector drive unit 109 along guide track 123 and is affixed to gantry end support 105 which
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rides along guide track 117. Wheel drive assembly 135 which is made up of motor drives 143
and 145 and wheels 127 and 129 provides actuation along the long axis of robotic system 101
and is driven along guide track 151. An additional wheel drive assembly 137 which is made up
of motor drives 147 and 149 and wheels 139 and 141 provides actuation along the long axis
of robotic system 131 and is driven along guide track 153 on the opposing side of robotic
system 101 to provide an equal amount of force distribution. Both wheel drive assembly 135
and 137 are synced together using encoders.

[0054] FIG. 10 elaborates on the embodiment from FIG. 9 with robotic system 155
used for retrieval and distribution of items, and its support structure 197 is shown integrated
with mobile gantry units 159, 161, 163, 165, and 167. This particular embodiment highlights
how multiple robotic units being carried along a core track system have the ability to make a
perpendicular turn to cycle back around in the opposite direction. More specifically, first track
175 provides a forward motion lane, while second track 173 with lowering bar 195, which
enables a perpendicular set of wheels from mobile gantry units to engage with track 173,
further allow mobile gantry units to then drive in a perpendicular direction. Third track 171
provides the aforementioned mobile gantry units to then drive in the opposite direction
effectively created a loop. This embodiment only depicts a small section which could, in other
embodiments, be expanded out to a much larger configuration with perpendicular tracks
accessible in different places, such as for an express track where mobile gantry units can drive
ahead of others situated on a primary track to avoid congestion during item delivery or

retrieval. A detailed embodiment of mobile gantry unit 157, which may be the same as the
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aforementioned mobile gantry units shown in robotic system 155, is shown to highlight the
finer components to this core robotic assembly. Along the internal axis of gantry 107 sits the
end effector drive unit 109 to which end effector 11 is coupled. Furthermore, belt drive 121
is driven by motor 119 and is situated along the internal axis of gantry 107 and drives end
effector drive unit 109 along guide track 123 and is affixed to gantry end support 105 which
rides along guide tracks 171, 173, and 175. Wheel drive assembly 135 which is made up of
motor drives 143 and 145 and wheels 127 and 129 provides actuation along the long axis of
robotic system 101 and is driven along guide track 151. An additional wheel drive assembly
137 which may be made up of motor drives 147 and 149 and wheels 139 and 141 provides
actuation along the main axes of robotic system 155 and is driven on the opposing side of
robotic system 155 to provide an equal amount of force distribution. Both wheel drive
assembly 135 and 137 are synced together using encoders. Similarly, a second set of wheel
drives 179 and 181 are situated perpendicularly at the base of mobile gantry unit 157 and is
made up of wheel set 183 and 193 on one side and 185 and 191 on the opposing side. These
are also synced through embedded encoders and provide motion to mobile gantry unit 157
in a perpendicular direction within the track configurations shown in robotic system 155 or
variations on these configurations.

[0055] FIG. 11is a view of one embodiment of a robotic system which integrates the
embodiments shown from FIG. 8 or 9 in a stacked configuration. As shown, this may include
upper section 201 with gantry 107A which carries end effector 11A and is driven by motor

111A or alternatively can be actuated with wheel drives. Lower section 202 includes gantry
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107B which carries end effector 11B and is driven by motor 111B but could be actuated by
wheel drives as well.

[0056] FIG. 12 illustrates a side view of a motion sequence of a robotic system 131
shown in states 203, 205, 207, and 209. State 203 shows end effector 11 at rest while
packages 213 are also shown sitting at rest along gravity chute 221 with gate mechanism
shown in a vertically folded state with both panels 215 and 217 situated in a vertical position
while slope panel 219 of the same gate mechanism is situated in a partially tilted position
away from gravity chute 221. In state 205, panels 215 and 217 are actuated through an
underlying motion drive, which could be driven by a motor connected to anyone of the panels
included in the gate mechanism, such that the gate mechanism is flattened along with slope
panel 219. This allows a single package 201 to pass through to platform 223. State 207 shows
gate mechanism made up of panels 215, 217, and 219 actuated back into a vertical position
to then block packages 213 from moving forward to platform 223 allowing single 201 to be
isolated. State 209 shows single package 201 being grabbed by end effector 11 as it relocated
from platform 223 to carrier platform 27.

[0057] FIG. 13 is a perspective view of the motion sequence shown in FIG. 12. This
perspective view is helpful to better highlight how an example gate mechanism works in that
panels 219 and 217 may be mechanically interwoven such that a scissor-like configuration is
achieved to better translate one panel's surface to another which prevents packages from

flipping as the gate is actuated upward into a vertical position.
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[0058] FIG. 14 is a view of the robotic system shown in FIG. 11, here having a first set
of gravity chutes 221A and 221B, one for each level used for item or package retrieval in
conjunction with end effectors 107A and 107B which sort and distribute them to a second set
of gravity chutes 239 and 241 used for distributing package sets 213A and 213B to conveyor
belts 235 and 237 situated below that then bring them to different destinations.

[0059] FIG. 15 is a view of the robotic system shown in FIG. 14 having a first set of
gravity chutes 221A and 221B, one for each level used for item or package retrieval in
conjunction with end effectors 107A and 107B which sort and distribute them to a set of
mobile robots 243 carrying bins 245 which may retrieve the items ejected from end effectors
11A and 11B to carry and further sort them to different destination.

[0060] FIG. 16 is a view of the robotic system from FIG. 14 shown as a larger
distribution assembly 251 retrieving packages from trucks 247 located on unloading dock 249.
Similar to FIG. 14, the packages are deployed to gravity chutes 221B and 221A and then sorted
to conveyor belts 235 and 237 which then bring the packages to an outgoing destination 253.

[0061] FIG. 17 is a view of three common store items, a jar of mayonnaise 263
contained within carrier cartridge 261 shown as item 255, a loaf of bread 265 contained within
carrier cartridge 267 shown as item 257, and a gallon of milk 269 contained within carrier
cartridge 271 shown as item 259. Each separate carrier cartridges includes an embedded RFID
sensor, a grabbing interface 275 on each side of the cartridge for the gripper to engage with,
and a compression lock 273. Because grabbing a large variety of items with different sizes,

shapes, and weights is a complex task with a high failure rate, even with the most robust

- 19 --



WO 2019/133944 PCT/US2018/068078

computer vision system and gripping mechanics integrated into a system, variability is still a
challenging problem to tackle. Therefore, the solutions presented helps to standardize the
form of every item in such a way that a simple gripper can more consistently retrieve and
distribute items in a store with a very low failure rate.

[0062] FIG. 18 s a diagram of carrier cartridge 261 and jar of mayonnaise 263 shown
as two items 255A and 255B detached from each other in a first state 271. A second state 281
shows items 255A and 255B being compressed together in such a way they will link together.
This occurs as a gripper engages with grabbing interfaces 275 and 275A, which are more
clearly shown at the front of both sides of carrier cartridge 261 in diagram 274. The
compression locks 283 and 273 are also shown in diagram 274 to highlight how one geometry
mates with the other. Connecting items 255A and 255B, or any other items in multiple block
is advantageous since it allows the gripper to grab multiple item at once to save time as it is
retrieving and distributing those items locally to a gantry carrier which will be highlighted
further in a later figure.

[0063] FIG. 19 is a sectional view diagram of carrier cartridge 261 and its underlying
latch mechanism 285. Side view 287 shows the same external features highlighted along the
side of carrier cartridge 261 in FIG. 18, while sectional views 289 and 291 show how latch
mechanism 285 can sit in an open state and then a closed state to provide either a stop along
its bottom surface, or slat continuous surface. Sectional view 293 shows how latch mechanism
285 can provide a stop against section 301 of gravity chute 297 to prevent it from sliding

forward. Latch mechanism 285 fits inside channel 299 and when it is closed, carrier cartridge
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261 is able to slide past section 301 on gravity chute 297. This in turn allows carrier cartridges
that sit behind the first carrier cartridge at the front of gravity chute 297, which is being
grabbed and retrieved by the end effector, to slide forward down the chute until the next
front of the line carrier cartridge latch provides a stop to prevent the remaining group of
cartridges from sliding forward which is further illustrated in FIG. 22.

[0064] FIG. 20 is a diagram of end effector 11 shown in state 303 and 305 grabbing
mayonnaise item 255 in a cluster of two from a group of mayonnaise jars 307 located on
gravity chute 297 as an overhead RFID antenna 309 reads the RFID sensors embedded within
the carrier platform 27 of end effector 11 each of the carrier cartridges below to generated a
map of where all items and end effectors are located with the entire robotics system.

[0065] FIG. 21 is a diagram of end effector 11 shown in a first state 311 grabbing a
single mayonnaise item 255, which consists of a jar of mayonnaise contained with a carrier
cartridge, from a group of mayonnaise items situated on gravity chute 297. In a second state
313 two of said mayonnaise item 255 are shown being grabbed together by end effector 11.
In a third state 315, three of said mayonnaise item 255 are shown being grabbed together by
end effector 11.

[0066] FIG. 22 is a sectional view diagram of end effector 11 shown grabbing and
relocating mayonnaise jar 263 and its carrier cartridge 261 from gravity chute 297 in such a
way that it rotates from an angled position to a flat position on carrier platform 27. This detail
highlights the need for grabbing interface 275 located on both sides of carrier cartridge 261

to be either fully or partially cylindrical in shape so that when end effector 11 grabs carrier

—-2] --



WO 2019/133944 PCT/US2018/068078

cartridge 261, it can rotate to a flat position without slipping away from the gripper. The
gripper itself also required a fully or partially cylindrical shape to engage with grabbing
interface 275. Once mayonnaise jar 263 is grabbed from its carrier cartridge 261 shown
between state 317 and 319, it is then shown pulled back in state 231 so that it may then
deploy items to local gantry carrier 323 between adjustable partitions 325.

[0067] Inaccordance with the example embodiment shown in FIG. 23, robotic system
101, which was first shown in FIG. 8, is expanded in function with gravity chutes 307, 337, and
333, which each contain a separate group of items that are each held within individual carrier
cartridges. A first state 325 shows end effector 11 grabbing three units 355 of mayonnaise
item 255 from gravity chute 307. In a second state 327, the three units 335 of mayonnaise
item 255 are then pulled back through end effector drive unit 109 along gantry guide track
123. In a third state 329, end effector 11 is shown having rotated and deployed the three units
335 of mayonnaise item 255 to gantry carrier 323 in between partitions 325. The partitions
can be used to separate each of the carrier cartridges if they have been initially linked
together from their connecting locks as discussed in earlier figures.

[0068] Inaccordance with the example embodiment shown in FIG. 24, robotic system
101, is shown with a configuration consistent with that shown in FIG. 23 with chutes 307, 337,
and 333, which each may contain a separate group of items that are each held within
individual carrier cartridges. A first state 337 shows end effector 11 grabbing milk gallon item
259 from gravity chute 331. In a second state 339, milk gallon item 259 is then pulled back

through end effector drive unit 109 along gantry guide track 123. In a third state 341, end
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effector 11 is shown having rotated and deployed milk gallon item 259 to gantry carrier 323
in between partitions 325. It should be understood that a back opening on each carrier
cartridge could also allow the item to be deployed into gantry carrier 323 such that the carrier
cartridge itself can then be separately deployed down a chute for empty carrier cartridge just
below the gravity chute where the item are initially being pulled from. This way the item can
move to the next phase of its journey so that when it reaches the customer it may not need
to be contained with the carrier cartridge.

[0069] In accordance with the example embodiment shown in FIG. 25a, robotic
system 101, is shown with the same configuration as in FIGS. 23 and 24 with chutes 307, 337,
and 333, which each contain a separate group of items that are each held within individual
carrier cartridges. Afirst state 343 shows end effector 11 grabbing loaf of bread item 257 from
gravity chute 333. In a second state 345, loaf of bread 257 is then pulled back through end
effector drive unit 109 along gantry guide track 123. In a third state 347, end effector 11 is
shown having rotated and deployed loaf of bread 257 to gantry carrier 323 in between
partitions 325.

[0070] FIG. 25b is a sequence diagram of a robotic vehicle with an end effector that
includes a hybrid gripper and a tilt plate shown in operation retrieving and distributing jars
from a gravity chute to a local gantry carrier platform. This sequence includes positions 501,
503, 505, and 507. Position 501 shows the jars 307 off to the side as they would sit on a gravity
chute with their latches deployed to hold them in place at the edge of the gravity chute.

Additionally, hybrid gripper tilt plate carrier 517 is shown at rest in the center of the robotic
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vehicle situated on its respective guide track. Position 503 shows gripper tilt plate carrier 517
grabbing one of the jars situated in an individual carrier cartridge, while position 505 shows
the gripper tilt plate carrier 517 then moving back towards the center of the robotic vehicle.
The final position 507 shows gripper tilt plate carrier then rotating 90 degrees so that it can
then actuate its tilt plate upward on an angle which ultimately forces the jar to be released
for its carrier cartridge so that it may land in the robotic vehicle’s local storage platform. A
back side of the jar’s carrier cartridge may include a back door that is opened once the tilt
plate is actuated upward, or through some other mechanical actuation means. The carrier
cartridge may also include an RFID tag which is scanned once it is first deployed to gripper tilt
plate carrier plate 517.

[0071] FIG. 25cis a continuation of FIG. 25b showing a sequence diagram of a robotic
vehicle with an end effector that shows hybrid gripper tilt plate carrier 517 shown in operation
retrieving and distributing jars from a gravity chute to a local gantry carrier platform. In this
sequence, which includes positions 509, 511, 513, and 515, gripper tilt plate carrier 517 is
shown releasing the same carrier cartridge that had just released a jar onto the robot’s local
storage platform. In this case, position 509 shows gripper tilt plate carrier rotating 180
degrees back from the final position 507 from FIG. 25h, while position 511 then shows gripper
tilt plate carrier 517 then being actuated upward on an angle. Position 513 then shows the
gripper fingers of gripper tilt plate carrier opening so as to release the carrier cartridge down
a secondary chute that will sit below the robotic vehicle. The final figure shows the carrier

cartridge being fully released and forced through gravity to its secondary gravity chute. From
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there, the gravity chute may guide the carrier cartridge to a conveyor belt or another robotic
vehicle so that it may be brought back to the front of the entire distribution system as it is
similarly shown in previous and later figures.

[0072] FIG. 25d is a view of the front side of the sequence diagram from FIG. 25b
showing a robotic vehicle with an end effector that includes gripper tilt plate carrier 517
shown in operation retrieving and distributing jars from a gravity chute to a local gantry
carrier platform through a dynamic door opening on the back of a carrier cartridge. In position
519, the gripper tilt plate carrier 517 is shown at rest in the center of the robotic vehicle where
it may use basic sensors or computer vision to detect and align itself with the optimal partition
segment so that the jar can then be properly released to the robotic vehicle’s local storage
platform. Position 521 further shows this function where doors on the back side of the jar’s
carrier cartridge are opened so that the jar can be released as gripper tilt plate carrier is tilted
upward on an angle. The doors on the back side may also be actuated from a built-in keying
mechanism that engages with the carrier cartridge when the tilt plate is angled upward. It is
important to note that while the carrier cartridge can use standard mechanical components
such as pins and fasteners to hold all of its parts together, living hinges may also be used so
that each carrier cartridge may be manufactured more inexpensively. Carrier cartridges may
also be eliminated entirely from the system and the robotic vehicles could still operate using
the same basic features including the gripper tilt plate carrier to retrieve items that are sitting
on shelves so that they may be deployed by the robot’s manipulator to the robot’s local

storage platform. In place of the gripper tilt plate, a suction cup manipulator may also be used
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grab items from shelves so that they may then be released to the robot’s local storage
platform.

[0073] FIG. 26 is a view of a robotic system similar to FIGS. 23, 24, and 25, but shown
in a stacked configuration with elevator platform 355 situated at the end of the robotic system
shown to lower items into cart 357. A second set of different items is shown on three gravity
chutes 349, 351, and 353 which is situated on the lower level. It should be noted that while
these robotic system embodiments are sometimes shown with a belt drive configuration to
move the mobile gantry unit along the system's long axis, these same configurations may use
wheel drive instead, especially when long travel or perpendicular travel is required.

[0074] FIG. 27 is a diagram of the robotic system from FIG. 26 shown distributing
items in carrier cartridges from gantry carrier 323 to elevator carrier platform 361. The items
may be deployed from a gate 371 which is lowered allowing the slope of gantry carrier 323 to
provide enough gravity force to push the item forward onto elevator carrier platform 361.
The force required to push the items from one platform to another does not need to be
limited to just gravity and can be actuated through motors and other mechanical
mechanisms.

[0075] FIG. 28 is a diagram of the robotic system from FIG. 27 shown distributing
items in carrier cartridges from elevator carrier platform 361 to cart carrier platform 359
located inside cart 357. The items are deployed from a gate 273, which can be seen lowered
between first state 381 and second state 383, allowing the slope of gantry carrier 323 to

provide enough gravity force to push the item forward onto cart carrier platform 359. Similar
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to FIG. 27, the force required to push the items from one platform to another does not need
to be limited to just gravity, and can be actuated through motors and other mechanical,
electrical, and/or magnetic mechanisms.

[0076] FIG. 29 is a view of a robotic system which combines the embodiment shown
in FIG. 10 with the embodiment shown in FIG. 26 to illustrate a fully automated system where
items are distributed from one set of mobile gantry units 155A, which may be aligned with
the top portion of gravity chutes 334 and cycle back to the front of the system in a loop, and
then from there the items are retrieved and distributed to gantry carrier 323A, which are
shown as items 258, from a second set of mobile gantry units 155B that are carried within
lower structure 202 and upper structure 201 which are also configured to cycle back to the
front of the system in a loop. The operation of the system includes distributing items 258 to
elevator 355 and then to cart 357 which is then either autonomously or manually brought to
the consumer.

[0077] FIG. 30 is a partial view of the robotic system shown in FIG. 29 configured as
a fully automated store with multiple layers having an extended structure for greater travel.
Kiosk area 381 for customer item selection is also shown in FIG. 30 at the front of shelves 399,
403, 405, and 407. In a typical configuration, cart 357 waits at the front of a series of carts
which are lined up within a space located between shelves 403 and 405 which are waiting to
be fulfilled with customer items from the robotic system in the item deployment area 397.
Carts 357A and 357B are shown at the base of elevators 355A and 355B respectively as they

await an order fulfillment to be autonomously deployed by any one of many mobile gantry
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units, such as gantry 107 and end effector 11 located internally and tangent to the elongated
storage shelves which contain gravity chutes along shelf 401 shown at the lower level of
shelving unit 403, or any other shelf within the system. Once a cart is fulfilled with a new
order taken from a customer's item selection input which is processed through kiosk 391, or
any other kiosk that is available, their cart is then autonomously brought to them through
the cart deployment section 393 where cart 357C is located. Before the cart is deployed to
the customer though, a final verification scan of the items is made through a cart check system
395 which uses different methods for verifying that the items are correct, such as through
computer vision and an additional RFID antenna. From that point, the customer can either
manually push the cart to their final destination, such as a vehicle in a parking lot, or have the
cart operate autonomously to follow the customer to their final destination. Once they have
taken all their items out of the cart, the cart can then autonomously travel back to a cart
retrieval area which is located on the other side of the fully automated store system where
they can enter the front of the cart line to await its next fulfillment order.

[0078] FIG. 31 is a view of the robotic system shown in FIG. 30 configured with two
major blocks 409 and 409A as a fully automated store with multiple layers, an extended
structure for greater travel, a kiosk area for customer item selection, and a cart deployment
area. It should be understood that this fully automated store also allows the system to be
used as a standard store configuration whereby path 411, 413, and 415 provide walking paths
so that consumers can browse shelves as they would in a traditional store. This is

advantageous because it provides an express option for consumers who know what they
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want, and a more hands-on traditional option for customers who would prefer to browse for
their items. Shelf 407, for example, is facing towards path 413, and would have items on
shelves with gravity chutes configured on the internal side, while also having a configuration
facing outward so that consumers can access these items from path 413, which is comparable
to a standard store isle walkway. These items would also be held in carrier cartridges so that
the fully automated store system could still deploy the items for automated retrieval and for
direct consumer access. And while the carrier cartridges present a viable option for lower
failure rate and high precision automated retrieval and delivery, a similar configuration could
still be used without carrier cartridges as well. Items in this case would be grabbed in a more
conventional way but would still be distributed through mobile robots guided in a layered
structure. Item entry points 417 and 419 are provided at the opposite end of the kiosk area
to allow items to be deployed within the system through the internal mobile gantry units,
which in turn will deploy items to their assigned storage locations along internal shelves with
gravity chutes.

[0079] While various embodiments of the disclosed technology have been described
above, it should be understood that they have been presented by way of example only, and
not of limitation. Likewise, the various diagrams may depict an example architectural or other
configuration for the disclosed technology, which is done to aid in understanding the features
and functionality that can be included in the disclosed technology. The disclosed technology
is not restricted to the illustrated example architectures or configurations, but the desired

features can be implemented using a variety of alternative architectures and configurations.
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Indeed, it will be apparent to one of skill in the art how alternative functional, logical or
physical partitioning and configurations can be implemented to implement the desired
features of the technology disclosed herein. Also, a multitude of different constituent
component hames other than those provided herein can be applied to the various partitions.

[0080] Although the disclosed technology is described above in terms of various
exemplary embodiments and implementations, it should be understood that the various
features, aspects and functionality described in one or more of the individual embodiments
are not limited in their applicability to the particular embodiment with which they are
described, but instead can be applied, alone or in various combinations, to one or more of
the other embodiments of the disclosed technology, whether or not such embodiments are
described and whether or not such features are presented as being a part of a described
embodiment.

[0081] Terms and phrases used in this document, and variations thereof, unless
otherwise expressly stated, should be construed as open ended as opposed to limiting. As
examples of the foregoing: the term “including” should be read as meaning “including,
without limitation” or the like; the term “example” is used to provide exemplary instances of

o n

the item in discussion, not an exhaustive or limiting list thereof; the terms “a” or “an” should

” u

be read as meaning “at least one,” “one or more” or the like; and adjectives such as

”u

common” and terms of

| ” u.
7

traditiona standard,” “known,

| ”u | ” u
7 7

“conventiona norma
similar meaning should not be construed as limiting the item described to a given time period

or to an item available as of a given time, but instead should be read to encompass
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conventional, traditional, normal, or standard technologies that may be available or known
now or at any time in the future. Likewise, where this document refers to technologies that
would be apparent or known to one of ordinary skill in the art, such technologies encompass
those apparent or known to the skilled artisan now or at any time in the future.

” i

[0082] The presence of broadening words and phrases such as “one or more,” “at
least,” “but not limited to,” and other like phrases in some instances shall not be read to mean

that the narrower case is intended or required in instances where such broadening phrases

may be absent.
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Claims

What is claimed is:

1. A robotic system for retrieving and distributing material comprising:

one or more autonomous mohile vehicles, each autonomous mobile vehicle having a
manipulator to retrieve one or more items, a local storage platform for carrying one or more
items, and electronics to provide processing, control of mobility, and wireless
communication such that each autonomous mobile vehicle can communicate with a central
control system, said manipulator having a guide portion spanning from a first end to a
second end of said autonomous mobile vehicle such that said manipulator with carrier

portion can travel from said first end to said second end.

2. The robotic system of claim 1, wherein said manipulator can rotate 360 degrees.
3. The robotic system of claim 1, wherein said manipulator includes a gripper.
4, The robotic system of claim 3, wherein said gripper includes two primary portions

that can travel inward to grab an item.

—-32 -



WO 2019/133944 PCT/US2018/068078

5. The robotic system of claim 3, wherein said gripper includes two primary portions for
grabbing an item made up of a four bar linkage such that a portion of the four bar linkage

can eject an item.

6. The robotic system of claim 1, wherein said manipulator includes a tilt plate.

7. The robotic system of claim 1, wherein said manipulator includes a gripper and a tilt
plate.

8. The robotic system of claim 1, wherein said manipulator includes a carrier portion

that can carry an item.

9. The robotic system of claim 1, wherein said manipulator is configured such that a
gripper portion sits above a carrier portion so as to allow an item to be held by said gripper

portion while it is carried on said carrier portion.

10. The robotic system of claim 1, wherein said manipulator includes a suction cup
component for grabbing an item.
11. The robotic system of claim 1, wherein said local storage platform is angled such that

items can be ejected through gravity.
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12. The robotic system of claim 1, wherein said local storage platform has a door portion

that can release one or more items to a second location.

13. The robotic system of claim 1, wherein an elevator is included to raise and lower said

autonomous mobile vehicle.

14. The robotic system of claim 1, wherein an elevator is included to raise and lower

items deployed to it by said autonomous maobile vehicle.

15. A robotic system for retrieving and distributing material comprising:

one or more autonomous mohile vehicles, each autonomous mobile vehicle having a
manipulator to retrieve one or more items, said manipulator having an interface that
engages with an item carrier cartridge interface such that said manipulator can relocate said

carrier cartridge to a location locally on said autonomous mobhile vehicle.

16. The robotic system of claim 15, wherein said manipulator is a gripper.

17. The robotic system of claim 16, wherein said gripper includes two primary portions

that can travel inward to grab an item.

18. The robotic system of claim 15, wherein said manipulator is a suction cup.
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19. The robotic system of claim 15, wherein said manipulator includes a tilt plate.

20. The robotic system of claim 15, wherein said manipulator includes a gripper and a tilt
plate.

21. The robotic system of claim 15, wherein said carrier cartridge interface can

mechanically actuate other portions of the carrier cartridge when said manipulator applies a

force.

22. The robotic system of claim 15, wherein said carrier cartridge interface can
mechanically actuate other portions of the carrier cartridge when said manipulator applies a

force.

23. The robotic system of claim 15, wherein said manipulator includes a carrier portion

that can carry an item.

24, The robotic system of claim 15, wherein said manipulator is configured such that a

gripper portion sits above a carrier portion so as to allow an item to be held by said gripper

portion while it is carried on said carrier portion.
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25. The robotic system of claim 15, wherein said local storage platform is angled such

that items can be ejected through gravity.

26. The robotic system of claim 15, wherein said local storage platform has a door

portion that can release one or more items to a second location.

27. The robotic system of claim 15, wherein an elevator is included to raise and lower

said autonomous mobile vehicle.

28. The robotics system of claim 15, wherein an elevator is included to raise and lower

items deployed to it by said autonomous mobile vehicle.

29. A robotic system for retrieving and distributing material comprising:
one or more carrier cartridge units for carrying one or more items, each carrier cartridge
unit having a universal interface for a manipulator to engage with, and a release mechanism

to eject one or more items.

30. The robotic system of claim 29, wherein said carrier cartridge release mechanism is

made up of a door that can open and close.

31. The robotic system of claim 30, wherein said door has one or more panels.
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32. The robotic system of claim 29, wherein said door can be actuated from a force

applied by said manipulator.

33. The robotic system of claim 29, wherein said door can be actuated from a keying
mechanism.
34, The robotic system of claim 29, wherein said carrier cartridge contains a radio-

frequency identification (RFID) tag that can be detected when said manipulator engages

with said carrier cartridge.

35. The robotic system of claim 29, wherein said carrier cartridge interface can
mechanically actuate other portions of said carrier cartridge when said manipulator applies

a force.

36. The robotic system of claim 29, wherein said carrier cartridge has a latch that is
actuated to act as a stop within a shelf guide track such that it can be retracted when said

manipulator provides a mechanical force.

37. The robotic system of claim 29, wherein said carrier cartridge has a latch that is
actuated to act as a stop within a shelf guide track such that it can be retracted when said

manipulator provides a mechanical force.

—-37 -



WO 2019/133944 PCT/US2018/068078

1/34

e
i

R L e
T ERRRRRARRRIRARY: W‘\\\{\\\{\\
22

e
ARy

AR

Ik

%
e

e
P S Y,
TN \\Q\‘: N

E W ;
I + PR
R R TP PR,
R T RS SVRREE
AR} g

o
g
e *

o
s

TR SEn—




WO 2019/133944 PCT/US2018/068078

2/34

A R
B R e
Ry,

-
B

0P ARR,
s rrrr st

E#

Rt e

3 B

P

hovrrg,

T
R PRt
Y

-
A

Sy NN R e AN

“ SF frae s = AN o 3
4 NG o e R il s
= 3 M N
AR Sl = e H
P Nalonst S Y T e Pt 3
PR e . P S

i3 S E e e

et ) e s

s AF s e =

N i e i3 4 o e By

N A Ay e & S A ¥

N i, : 3 R R RN A . e e ,((j;)

SO - RN - s
2 )




WO 2019/133944

PCT/US2018/068078

3/34

s

I s g
RN 15
Sy o BN

ke

oosorh
4

v

e

b

S

RN
RIS a ST
SR e, ~ SRR
NG S e e ~
: SR
Rt T e
A =
g
PIRRC et
- L

e

N,
S,
SRR
B e
RN

o o A A
-~ Rt
= W, ok

i
o,
S
i R
N X
iy, RN e o~
s SOOIy

SRR

o
o

e

o

. ot

s CVRRRRRRRRWUE o s

\N\“M'

FiG. 3



WO 2019/133944

PCT/US2018/068078

4/34

s

&

k1

i GO,
e %,
L e,
s T o,
S .

oo

e

k.,

N

A

s s,
o ...Ec...\\\}k.\w
A e d

Ay ?Jw\t

Vo

R

“—.
e,

e
ST

oy

S
RS -

N

FiG. 4



PCT/US2018/068078

5/34

WO 2019/133944

5
Fe

Froe
s
%
7 A
: ezl 7
s 3 2 D .
g ; 7 7
W 2 e x, £
K % “ b AR -, % =,
s 5 Y % 3

Z

PYIIVIIVIIVS % VIV

W

o e :

f

N

N

L

Gricviieneniie

ity

St

T
ST

AR A AR A A

oy

e

Yovereiiigrapiiiiiiiiiiiiiiiiiisl
vy

, &mm%\%w

Yo "o

FIG. &



PCT/US2018/068078

WO 2019/133944

6/34

9 "Old

b ironk
T ey,
LR

BT

ey, S s,
e T e, g

o e St oot
23 o o™ e e
o g R s, - -
BT s Cr . A
5 5..c:{\m\\.m\.\\\omw\%‘\\\\\\\\\\\.\ )
B N i o s
iiaanse TN

e \)3.»(\
"

B i
2, R i
st At o

. S s
n&m\“wme\.uv.\ T n\tk.,vx&uvx“n\.“u.

Nt apr
Lty Atk
I b

Sk ~

R




WO 2019/133944 PCT/US2018/068078

7134

R R
3 N RNREE

RS
SRR SN
oot

S A e

vy
SRR s FRPRRIRANEE

TR
PSR

AR

PR

e e

TR
gw;s,\ e
R R
N - Ay




WO 2019/133944 PCT/US2018/068078

8/34

$1 0

o . "
N, R B S
S, SRR SRS

Rt




WO 2019/133944 PCT/US2018/068078

9/34

A
i

FIG. 9



WO 2019/133944 PCT/US2018/068078

10/34

H
4
&

SRR

rese

A

o
.
e By

o

5
% 5
M:”. f";?) P

&
o
Ty

G




WO 2019/133944

PCT/US2018/068078
11734
o
»
Q
™

A

A
by
&
33
3
3

1144
11857



WO 2019/133944 PCT/US2018/068078

12/34

fu}

DSOS X

R

o
i SR
3

FiG. 12



PCT/US2018/068078

WO 2019/133944

13/34

FIG. 13



PCT/US2018/068078

WO 2019/133944

14/34

s st PSS,
i a8 Iy

i R T i A ST
PN et
o

Pase s
X%

s

)
R P
o pr e s S

pmiceen s ORI

e,

T

%



PCT/US2018/068078

WO 2019/133944

15/34

Gl Oid

O ¥

Z
Z
’ Z

B et

IPPRSRRRR R

emeapeces

L
% szt
-



PCT/US2018/068078

WO 2019/133944

16/34

S

rerre s B

ot

o

et o

L e e
SR,

e e

o,
PNar

P e,
3 O iy 0y, 085 O OTILT

A i,
o
e




PCT/US2018/068078

WO 2019/133944

17134

LA
S\E..i.\ww‘

AN

AR GRS

3
§
By

H

57

}
3
|

R e
e

PRI

s

i 1 2EITE
A 2

\.x\.\“\inww #2220 000,
7

N

X

g

N
5

R
AR S A A

T

Ll 'Old

287

pp st o

o

ARy

3
S0

Va7

o riorriee



PCT/US2018/068078

18/34

WO 2019/133944

81 "Oid

% AL
w» «\N Bz m O
. SOV TRV

\(lw\ s AT IS
TS
g %

M

Frannapen i
A 3
Fvd
AN

\\

SUERP )

.{
3

\.. ”F&.

conrossrmnd .

e

e AR 0TI kot
g -
s

P s ]

moﬁ\b»‘\\\\ovx\\k\\ M

Ot it e O

AW,
v

=
o

e
SN

et

Y
A
3

o mn OO

-

S VEVEPRVETY

LN

w\\‘ AT SS.SW m\ \.\N‘

Bt

vasz




WO 2019/133944

PCT/US2018/068078

19/34

Peing,

Y tcarse,

R .
S
S, g

' e
H
i

3
2 i
R
1k

PP

e
N
]
33
3
S5
AR §
" S & 3

FIG. 18



WO 2019/133944

Panted

PCT/US2018/068078

20/34

R

TN aan

g X

R e e
SR R

A

™, o

o, \'\"‘\w-«\.--‘
™.

e -
RIUSOURREEL

AR
. SN
S
.

e

o o
-

e .
. -
A A ani

P Y .

\\\ \_\"\ e

N o
N gyt

N

-

W T s
ey O R
R N
N R e 250
X
AT

JEEPRESINNVNINRER

R RTRERERVINE

ANy
ety v
o~ o

X
¥

3 3 -~
R, -~
SRR
e R

FiG. 20



WO 2019/133944 PCT/US2018/068078

21734

FIG. 21



WO 2019/133944 PCT/US2018/068078

22/34

% e

@\\& % 3 ¥
AR 3 3 A

ol im;:\““ .

SN N

HLALAIRNR

FIG. 22



PCT/US2018/068078

WO 2019/133944

23/34

FIG. 23



PCT/US2018/068078

WO 2019/133944

24134

a
F o

z
H
7
H
7
H
H
1
H

FIG. 24



PCT/US2018/068078

WO 2019/133944

25/34

25a

FIG.



WO 2019/133944 PCT/US2018/068078

26/34

S

S TN
iy o
SR S,

=
s - :

Rt oS
»

- e R S0 2’\.\
S AR R

S \&\‘\\W&&v

- SN i

-

-

I e

S ota o PN s T
s

T

4

37

i -
Nt

B
\«M

et
X
SRR
R
T
S
e TR LAY
s N
DN
AN
s N, .
g

3
e

;
—y e
NESS £ MR o, i
ey R
RS g S,

N T Res
N

gt v

FIG. 25b



WO 2019/133944 PCT/US2018/068078

27134

- N
TR o o
2 ﬁ\“} W‘“““‘“c Moo, M &

e .
e - St
. ™3
SRt :
SR s
RN 3 e s
e A* - N - Sy,
. S

A

S

"
s
R

) G
ey e
E ) S s ; &-“‘,‘ :\\:fl
e RN Y

B}

>
3

¥
L

B

FIG. 25¢



WO 2019/133944 PCT/US2018/068078

28/34

e
X

TN,

BNy
i S

FIG. 25d



PCT/US2018/068078

WO 2019/133944

29/34

FIG. 26



WO 2019/133944 PCT/US2018/068078

30/34

o
R

S
. ST Ny
R e SNy
A
e Ny o R
5 P Tt

I s stran it

e

Noanaaar

,‘,‘,‘,‘,‘,,,,,,‘,,‘,}(,.,,, 1
Z

hoscooosssccncingvony

e

Ey
3
.3
£

e

3
%

i)

vt
e e R

-4

.

s I 1
7
:
A

Y,
Fovsserssssr000



WO 2019/133944 PCT/US2018/068078

31/34

383

gw:?
e

Atrirnr, Gp
E;

s

g




PCT/US2018/068078

WO 2019/133944

32134

7,
P

fedet

7

el Olid




PCT/US2018/068078

WO 2019/133944

33/34

P

rd

uxk\..mx
%

%

g

i,
/

£
/

FIG. 30



PCT/US2018/068078

WO 2019/133944

34/34

FiG. 31



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2018/068078

A. CLASSIFICATION OF SUBJECT MATTER

CPC -

IPC(8) - B65G 1/04; B25J 5/00; B25J 9/16; B65G 1/137 (2019.01)
B65G 1/0492; B25J 9/1615; B25J 9/162; B65G 1/1375 (2019.02)

According to Intemational Patent Classification (IPC) or to both national classification and [PC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 700/214; 700/216; 700/217; 700/218 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2017/0174431 A1 (HDS MERCURY, INC.) 22 June 2017 (22.06.2017) entire document 1,3, 14
Y 24,613
Y US 2012/0215358 A1 (GETTINGS et al) 23 August 2012 (23.08.2012) entire document 2
Y US 2001/0020197 A1 (NAKANO et al) 06 September 2001 (06.09.2001) entire document 4,6,7
Y US 2015/0081089 A1 (SYMBOTIC, LLC) 19 March 2015 (19.03.2015) entire document 8,9
Y US 2015/0332213 A1 (GALLUZZO et al) 19 November 2015 (19.11.2015) entire document 10
Y US 3,448,870 A (GALLO et al) 10 June 1969 (10.06.1969) entire document 1
Y US 2015/0203296 A1 (SYMBOTIC, LLC) 23 July 2015 (23.07.2015) entire document 12,13
A US 2017/0334696 A1 (CROWN EQUIPMENT CORPORATION) 23 November 2017 1-14

(23.11.2017) entire document
A US 4,492,504 A (HAINSWORTH) 08 January 1985 (08.01.1985) entire document 1-14
A US 9,796,529 B1 (HOAREAU et al) 24 October 2017 (24.10.2017) entire document 1-14

|:| Further documents are listed in the continuation of Box C.

I:l See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁlicalion but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

29 April 2019

Date of mailing of the international search report

10 MAY 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2018/068078

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s). )

I D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. E] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-14

Remark on Protest D The additional search fees were accompantied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2018/068078

Continued from Box No. Ill Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |, claims 1-14 are drawn to a robotic system comprising a local storage platform and electronics.
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