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such as packages, containers, totes, cases, bins, and/or boxes in a site, such as a
warchouse, for fulfillment automation. The robot includes a base, a lift mechanism,
and an object transitioning apparatus. The lift mechanism is coupled to the base. The
lift mechanism is configured to vertically displace the object transitioning apparatus,
relative to the base. The object transitioning apparatus includes an object manipulator
for grasping an object. The object manipulator includes an extendible arm and an end
effector for grasping the object. Lateral displacement of the end effector is effected
by extension and retraction of the extendible arm. The extendible arm is laterally
extendible, relative to the base, in a first direction, and also in a second direction that
is opposite the first direction.
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ROBOTIC APPARATUSES, SYSTEMS, AND METHODS FOR MOVING
OBJECTS

FIELD

[0001] This disclosure generally relates to robotic apparatuses, systems, and methods,
particularly robotic apparatuses, systems, and methods for moving objects such as packages,
containers, totes, cases, bins, and/or boxes in a site, such as a warehouse, for fulfillment

automation.
BACKGROUND

[0002] Objects, such as packages, containers, totes, cases, bins, and/or boxes, can be stored
in a site, for example, in a warehouse. The objects are placed on object supporters, which
defines a surface on which the object is supportable, for example, a shelf of a rack, a platform,
or a pallet. It is desirable to use the storage space of the warehouse efficiently. In this respect,
it is desirable for: (i) the racks to be tall and have a plurality of object supporters, (ii) the object
supporters to have increased depth, (iii) the space between the objects that are supported on
the object supporter to be reduced, and (iv) the width of the aisle defined between racks to be

reduced.

[0003] Existing automated storage and retrieval systems are able to emplace an object on an
object supporter for storage, and also to retrieve the object from the object supporter.
Unfortunately, such existing systems have limited vertical extension and lateral reach, which
reduces the available space in a warehouse that is usable for object storage. In addition, while
using existing systems, objects on the object supporter need to be spaced further apart, which
reduces the number of objects that can be supported on the object supporter. Further, existing
systems require increased aisle width for operation, which also reduces the available space in

the warehouse that is usable for object storage.
SUMMARY

[0004] In one aspect, there is provided a robot, comprising: a base; an object manipulator,
comprising: an extendible arm; an end effector that is coupled to the extendible arm; wherein:

the end effector is configured for grasping an object, such that a grasped object is established,;
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and the extendible arm is extendible and retractable for displacing the grasped object relative to
the base; the extendible arm is configurable in a first extendible arm extended configuration and
a second extendible arm extended configuration; in the first extendible arm extended
configuration, the extendible arm is extended, in a first direction; in the second extendible arm
extended configuration, the extendible arm is extended, in a second direction that is opposite

the first direction.

[0005] In another aspect, there is provided a robot, configured for: (i) displacing a first object
relative to a first object supporter, the first object supporter being configured to support the first
object, and (ii) displacing a second object relative to a second object supporter, the second
object supporter is configured to support the second object, wherein the first object supporter is
disposed opposite the second object supporter in a spaced-apart relationship such that an aisle
is defined, comprising: a base; an object manipulator, comprising: an extendible arm; an end
effector that is coupled to the extendible arm; wherein: the end effector, wherein, for each one of
the first and second objects, independently, the end effector is configured for grasping a
respective one of the first and second objects, such that a grasped object is established; and
the extendible arm is extendible and retractable for displacing the grasped object relative to the
base; the extendible arm is configurable in a first extendible arm extended configuration and a
second extendible arm extended configuration; in the first extendible arm extended
configuration, the telescoping arm is extended, such that the end effector is disposed for
grasping the first object; in the second extendible arm extended configuration, the extendible

arm is extended, such that the end effector is disposed for grasping the second object.

[0006] In another aspect, there is provided a robot, comprising: a base; an object manipulator,
comprising: an extendible arm, extendible from a extendible arm retracted configuration to a first
extendible arm extended configuration, and also extendible from the extendible arm retracted
configuration to a second extendible arm extended configuration; an end effector that is coupled
to the extendible arm; wherein: the end effector is configured for grasping an object, such that a
grasped object is established; and the extendible arm is extendible and retractable for
displacing he grasped object relative to the base; in transitioning from the extendible arm
retracted configuration to the first extendible arm extended configuration, the extendible arm is
extended in a first direction; and in transitioning from the extendible arm retracted configuration
to the second extendible arm extended configuration, the extendible arm is extended in a

second direction that is opposite the first direction.
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[0007] In another aspect, there is provided a robot comprising: a base supportable by a reaction
surface; an object manipulator, supported by the base, including: an end effector for grasping an
object, wherein the end effector is displaceable relative to the base such that, while the end
effector is grasping the object, the object is displaceable by the end effector; an anchor
configuration; wherein: the base and the anchor configuration are co-operatively configured
such that, while the base is supported on the reaction surface: the anchor configuration is
emplaceable in an anchoring-effective state, with effect that the robot becomes anchored to the

reaction surface.

[0008] In another aspect, there is provided a robot comprising: a base supportable by a reaction
surface; an object manipulator, supported on the base, and including: an end effector for
grasping an object, such that a grasped object is established; wherein: the object manipulator is
displaceable, relative to the base, along a travel axis, between a lower vertical position and a
higher vertical position, for effecting a change in elevation of the object manipulator; and the
base and the object manipulator co-operate such that, while the base is supported on a reaction
surface, such that the displaceability of the object manipulator is along a travel axis that is
disposed at angle relative to the vertical, the base and the object manipulator are configurable
into a modified travel axis-establishing state, with effect that the travel axis is modified to

become a vertical axis.

[0009] In another aspect, there is provided a robot comprising: a base; an object manipulator
configured for grasping an object; and a lift mechanism configured for vertically displacing the
object manipulator, relative to the base, including: a prime mover for generating a force for
urging the vertical displacement of the object manipulator relative to the base; and a
counterweight configuration, coupled to the object manipulator, with effect that an opposing
counterweight-based force is applied by the counterweight configuration to the object
manipulator such that the weight of the object manipulator is opposed by the counterweight
configuration, and such that the counterweight configuration is effective for assisting the prime

mover with the urging of the vertical displacement of the object manipulator relative to the base.

[0010] In another aspect, there is provided a robot configured to displace an object relative to
an object supporter, the robot comprising: a base; an object manipulator including: an object
emplacement/removal tool; and an end effector configured for grasping an object; wherein: the
object emplacement/removal tool and the end effector are co-operatively configured with effect

that: the object emplacement/removal tool is displaceable, relative to the base, independently of
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the end effector, and along a first axis; the end effector is displaceable, with the object
emplacement/removal tool, along a second axis; and the second axis is disposed parallel to an

axis that is transverse to the first axis.

[0011] In another aspect, there is provided a robot configured to displace an object relative to
an object supporter, the robot comprising: a base; an object manipulator including: an object
emplacement/removal tool; and an end effector configured for grasping an object; wherein: the
object emplacement/removal tool and the end effector are co-operatively configurable with
effect that the object emplacement/removal tool is displaceable, relative to the base,
independently of the end effector, and along a first axis, such that displacement of the object
emplacement/removal tool, relative to the base, and along a first axis, is obtainable, and the
displacement of the object emplacement/removal tool, relative to the base, and along a first
axis, is obtainable in absence of displacement of the end effector, relative to the base, and
along the first axis, such that positioning of the end effector, relative to the base, remains
unchanged, with effect that the object manipulator is transitionable between an alignment
ineffective configuration and an alignment effective configuration in response to the
displacement of the object emplacement tool, relative to the end effector, and along the first
axis, obtained in absence of displacement of the end effector, relative to the base, along the first
axis; the object emplacement/removal tool and the end effector are co-operatively configurable
with effect that the end effector is displaceable, with the object emplacement/removal tool,
relative to the base, along a second axis, and in response to extension or retraction of the object
emplacement/removal tool, such that displacement of the end effector, with the object
emplacement/removal tool, relative to the base, along the second axis, and in response to
extension or retraction of the object emplacement/removal tool, is obtainable, such that the
object manipulator is transitionable between the alignment effective configuration and an object
emplacement/removal effective configuration in response to the displacement of the end
effector, relative to the base, along the second axis, and in response to the extension or the
retraction of the object emplacement/removal tool; and the second axis is disposed parallel to

an axis that is transverse to the first axis.

[0012] In another aspect, there is provided a robot, comprising: a base; an object manipulator,
comprising: an extendible arm configured for extension and retraction; an end effector
configured for grasping an object; wherein: the end effector is coupled to the extendible arm

such that: the end effector is displaceable laterally, relative to the base, in response to extension



WO 2022/104464 PCT/CA2021/051632

or retraction of the extendible arm; and the end effector is displaceable laterally, relative to the

extendible arm.

[0013] In another aspect, there is provided a robot, comprising: a base; an object manipulator,
comprising: an end effector, the end effector comprising: a first grasping configuration disposed
on a first side of the end effector; and a second grasping configuration disposed on a second
side of the end effector that is opposite the first side; a robot-defined object supporter configured
to support the object, such that, while the object is supported on the robot-defined object
supporter, a supported object is established; wherein: each one of the first grasping
configuration and the second configuration, independently, is configured for grasping an object,
such that a grasped object is established; and while the object is supported by the robot-defined
object supporter: the object manipulator is configurable in a first configuration, a second
configuration, a third configuration, and a fourth configuration; in the first configuration: a first
side of the supported object is grasped by the first grasping configuration, such that the end
effector is coupled to the first side of the supported object; in the second configuration: there is
an absence of coupling between the end effector and the supported object, and the first
grasping configuration and the first side of the supported object are disposed in opposing
relationship; in the third configuration: there is an absence of coupling between the end effector
and the supported object, and the second grasping configuration and a second side of the
supported object are disposed in opposing relationship, wherein, relative to the first side, the
second side of the supported object is disposed on an opposite side of the supported object; in
the fourth configuration: the second side of the supported object is grasped by the second
grasping configuration, such that the end effector is coupled to the second side of the supported
object; the object manipulator is: transitionable from the first configuration to the second
configuration; transitionable from the second configuration to the third configuration; and

transitionable from the third configuration to the fourth configuration.

[0014] In another aspect, there is provided a robot, comprising: a base; an object manipulator,
comprising: a first end effector configured for grasping an object; a robot-defined object
supporter configured to support the object, such that, while the object is supported on the robot-
defined object supporter, a supported object is established; a second end effector, configured
for grasping the object; wherein: the first end effector is displaceable laterally, relative to the

base; and the second end effector is displaceable longitudinally, relative to the base.
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[0015] In another aspect, there is provided a robot, comprising: a base; an object manipulator
configured for: grasping an object, such that a grasped object is established; and moving the
grasped object; a lift mechanism, for vertically displacing the object manipulator relative to the
base, and including a frame mounted to the base, wherein the frame includes: a first frame
section; a second frame section; and an intermediate frame section disposed between the first
frame section and the second frame section; wherein: the first frame section and the second
frame section are disposed in opposing relationship; the first frame section, the second frame
section, and the intermediate frame section co-operatively configured such that a torque-
receiving frame portion is defined; the object manipulator is coupled to the frame, such that the
object manipulator is moveable relative to the frame for effectuating the vertical displacement,
and such that, while the object manipulator is moving the grasped object, a force is transmitted
from the object manipulator to the frame, with effect that a torque is applied to the torque-
receiving frame portion; the torque-receiving frame portion is configured to resist the torque

applied to the frame.

[0016] In another aspect, there is provided a robot, comprising: a base; an object manipulator,
comprising: a telescoping arm; an end effector coupled to the telescoping arm; wherein: the end
effector is configured for grasping an object, such that a grasped object is established; and the
telescoping arm is extendible and retractable for moving the grasped object; the telescoping
arm includes a plurality of arm segments; at least one of the plurality of arm segments has a C-
shaped cross-section, such that the telescoping arm includes at least one C-shaped cross-

section defined arm segment.

[0017] In another aspect, there is provided a robot, comprising: a base; an object manipulator
including: an end effector for grasping an object; wherein: the end effector is displaceable
relative to the base; and a temperature sensor, displaceable with the end effector; wherein: the
end effector and the temperature sensor are co-operatively configured such that, while the end
effector is being displaced relative to the base, the temperature sensor is effective for collecting
a plurality of temperature data, wherein each one of the temperature data, independently, is

representative of a temperature.
[0018] Other aspects will be apparent from the description and drawings provided herein.

BRIEF DESCRIPTION OF DRAWINGS

[0019] In the figures, which illustrate example embodiments,
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[0020] Figure 1 is a schematic diagram of a robotic system;

[0021] Figure 2 is a schematic diagram showing the software structure of the robotic system of

Figure 1;

[0022] Figure 3 is a schematic of an image captured by an optical sensor of a robot of the

robotic system of Figure 1, with objects identified with bounding boxes;

[0023] Figure 4 is a schematic of an image captured by an optical sensor of a robot of the

robotic system of Figure 1, with objects and spaces identified with bounding boxes;

[0024] Figure 5 is a perspective view of a robot of the robotic system of Figure 1, with the lift

mechanism in a retracted configuration;

[0025] Figure 6 is a perspective view of the robot of Figure 5, with the lift mechanism in an

extended configuration;

[0026] Figure 7 is a perspective view of the robot of Figure 5, with the lift mechanism in the

extended configuration, and the extendible arm in a first extendible arm extended configuration;

[0027] Figure 8 is a perspective view of the robot of Figure 5, with the lift mechanism in the
extended configuration, and the extendible arm in a second extendible arm extended

configuration;
[0028] Figure 9 is a top perspective view of the base configuration of the robot of Figure 5;

[0029] Figure 10 is a top perspective view of the base configuration of Figure 9, depicting

components disposed within the base configuration;

[0030] Figure 11 is a bottom perspective view of the base configuration of Figure 9, with the

anchor configuration disposed in an anchor-effective state;

[0031] Figure 12 is a bottom perspective view of the base configuration of Figure 9, with the

anchor configuration disposed in an anchor-ineffective state;

[0032] Figure 13 is a perspective view of an anchor configuration displacement actuator of the
base configuration of Figure 9, with anchor subconfiguration connectors disposed in an

extended position;
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[0033] Figure 14 is a perspective view of an anchor configuration displacement actuator of the
base configuration of Figure 9, with anchor subconfiguration connectors disposed in retracted

position;

[0034] Figure 15 is a front perspective view of the lift mechanism of the robot of Figure 5, the lift

mechanism disposed in a retracted configuration, and side and rear access doors open;
[0035] Figure 16 is a rear perspective view of the lift mechanism of Figure 15;

[0036] Figure 17 is a front perspective view of the lift mechanism of Figure 15, the lift

mechanism disposed in an extended configuration;
[0037] Figure 18 is a rear perspective view of the lift mechanism of Figure 17;

[0038] Figure 19 is a front perspective view of a frame of the lift mechanism of the robot of

Figure 15, with side and rear access doors open;

[0039] Figure 20 is a rear perspective view of the frame of Figure 19, with side and rear access

doors open;

[0040] Figure 21 is another front perspective view of the frame of Figure 19, with side and rear

access doors open;

[0041] Figure 22 is a rear elevation view of the lift mechanism of Figure 15, with side and rear

access doors open, the lift mechanism disposed in the retracted configuration;

[0042] Figure 23 is a rear elevation view of the lift mechanism of Figure 15, with side and rear

access doors open, the lift mechanism disposed in the extended configuration;
[0043] Figure 24 is a front elevation view of the lift mechanism of Figure 15;

[0044] Figure 25 is a cross-sectional view of the lift mechanism of Figure 24, along line 25-25

shown in Figure 24;

[0045] Figure 26 is a cross-sectional view of the lift mechanism of Figure 24, along line 26-26

shown in Figure 24;

[0046] Figure 27 is a cross-sectional view of the lift mechanism of Figure 24, along line 27-27

shown in Figure 24;
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[0047] Figure 28 is a cross-sectional view of the lift mechanism of Figure 24, along line 28-28

shown in Figure 24;

[0048] Figure 29 is a cross-sectional view of the lift mechanism of Figure 24, along line 29-29

shown in Figure 24;

[0049] Figure 30 is a top elevation view of the lift mechanism of the robot of Figure 5;

[0050] Figure 31 is a cross-sectional view of the lift mechanism of Figure 30, along line 31-31

shown in Figure 30;

[0051] Figure 32 is an enlarged view of the portion of the lift mechanism of Figure 31, the

portion identified by window A shown in Figure 31;

[0052] Figure 33 is a perspective view of an inner carrier of the lift mechanism of the robot of

Figure 5, with a connector plate disposed at a top end of the inner carrier;

[0053] Figure 34 is a front elevation view of the inner carrier of Figure 33;

[0054] Figure 35 is a cross-sectional view of the inner carrier of Figure 33, along line 35-35

shown in Figure 34;

[0055] Figure 36 is a perspective view of the inner carrier of Figure 33, with the connector plate

disposed at a bottom end of the inner carrier,;

[0056] Figure 37 is a perspective view of a counterweight configuration of the lift mechanism of

the robot of Figure 5, while the connector plate is disposed at a bottom end of the inner carrier;

[0057] Figure 38 is a perspective view of the inner carrier of Figure 33, with the connector plate

disposed at a top end of the inner carrier;

[0058] Figure 39 is a perspective view of a counterweight configuration of the lift mechanism of

the robot of Figure 5, while the connector plate is disposed at a top end of the inner carrier;

[0059] Figure 40 is a front perspective view of an object transitioning apparatus of the robot of

Figure 5;

[0060] Figure 41 is a rear perspective view of the object transitioning apparatus of Figure 40;
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[0061] Figure 42 is a rear elevation view of an object manipulator of the object transitioning

apparatus of Figure 40;

[0062] Figure 43 is a cross-sectional view of the object manipulator of Figure 42, along line 43-

43 shown in Figure 42;

[0063] Figure 44 is a front elevation of the object manipulator of Figure 42, wherein an
extendible arm of the object manipulator is disposed in an extendible arm retracted

configuration;

[0064] Figure 45 is a cross-sectional view of the object manipulator of Figure 42, along line 45-

45 shown in Figure 44;

[0065] Figure 46 is a cross-sectional view of the object manipulator of Figure 42, along line 46-

46 shown in Figure 44;

[0066] Figure 47 is a front elevation of the object manipulator of Figure 42, wherein the
extendible arm of the object manipulator is disposed in a first extendible arm extended

configuration;
[0067] Figure 48 is a front elevation of the object manipulator of Figure 47,

[0068] Figure 49 is a cross-sectional view of the object manipulator of Figure 47, along line 49-

49 shown in Figure 47;

[0069] Figure 50 is a cross-sectional view of the object manipulator of Figure 47, along line 50-

50 shown in Figure 47;

[0070] Figure 51 is a front elevation of the object manipulator of Figure 42, wherein the
extendible arm of the object manipulator is disposed in a second extendible arm extended

configuration;
[0071] Figure 52 is a front elevation of the object manipulator of Figure 51;

[0072] Figure 53 is a cross-sectional view of the object manipulator of Figure 51, along line 53-

53 shown in Figure 51;

10



WO 2022/104464 PCT/CA2021/051632

[0073] Figure 54 is a cross-sectional view of the object manipulator of Figure 51, along line 53-

53 shown in Figure 51;

[0074] Figure 55 is a perspective view of a base arm segment of the extendible arm of the

object manipulator of Figure 42;

[0075] Figure 56 is a perspective view of the base arm segment of Figure 55, depicting

components disposed within the base arm segment;

[0076] Figure 57 is a front perspective view of a driver of the object manipulator of Figure 42,

with the grasping configurations disposed in a first longitudinal position;

[0077] Figure 58 is a rear perspective view of the driver of Figure 57;

[0078] Figure 59 is a front perspective view of the driver of the object manipulator of Figure 42,

with the grasping configurations disposed in a second longitudinal position;

[0079] Figure 60 is a rear perspective view of the driver of Figure 59;

[0080] Figure 61 is a front perspective view of the driver of the object manipulator of Figure 42,

depicting components of the driver;

[0081] Figure 62 is a front elevation view of a grasping configuration of the object manipulator

of Figure 42, disposed in a first vertical position;

[0082] Figure 63 is a cross-sectional view of the grasping configuration of Figure 62, along line
63-63 shown in Figure 62;

[0083] Figure 64 is a front elevation view of the grasping configuration of the object manipulator

of Figure 42, disposed in a second vertical position;

[0084] Figure 65 is a cross-sectional view of the grasping configuration of Figure 64, along line
65-65 shown in Figure 64;

[0085] Figure 66 is a side elevation of the driver of the object manipulator of Figure 42, with a

first grasping configuration pivoted relative to the driver;

[0086] Figure 67 is a top elevation of the object transitioning apparatus of Figure 40, with the

robot defined object supporter disposed in a supporter retracted configuration;

11
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[0087] Figure 68 is a cross-sectional view of the object transitioning apparatus of Figure 67,

along line 68-68 shown in Figure 67;

[0088] Figure 69 is a perspective of the object transitioning apparatus of Figure 40, with the

robot defined object supporter disposed in a first supporter extended configuration;

[0089] Figure 70 is a top elevation of the object transitioning apparatus of Figure 69;

[0090] Figure 71 is a cross-sectional view of the object transitioning apparatus of Figure 69,

along line 71-71 shown in Figure 70;

[0091] Figure 72 is a perspective of the object transitioning apparatus of Figure 40, with the

robot defined object supporter disposed in a second supporter extended configuration;

[0092] Figure 73 is a top elevation of the object transitioning apparatus of Figure 72;

[0093] Figure 74 is a cross-sectional view of the object transitioning apparatus of Figure 72,

along line 74-74 shown in Figure 73;

[0094] Figure 75 is a perspective view of the object manipulator of the object transitioning
apparatus of Figure 40, wherein the driver is disposed at a first lateral position, relative to the

terminal arm segment of the extendible arm;

[0095] Figure 76 is a perspective view of the object manipulator of the object transitioning
apparatus of Figure 40, wherein the driver is disposed at a second lateral position, relative to

the terminal arm segment of the extendible arm;

[0096] Figure 77 is a right side elevation view of the object transitioning apparatus of Figure 40,

wherein the object manipulator is disposed in the alignment ineffective configuration;

[0097] Figure 78 is a right side elevation view of the object transitioning apparatus of Figure 40,

wherein the object manipulator is disposed in the alignment effective configuration;

[0098] Figure 79 is a top elevation of the object transitioning apparatus of Figure 40, with an
object supporter disposed on a first side of the object transitioning apparatus, an object
supported on the robot-defined object supporter, and the object manipulator disposed in an

object distribution ready configuration;

12
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[0099] Figure 80 is a top elevation of the object transitioning apparatus of Figure 79, wherein
the object manipulator is disposed in an alignment ineffective configuration, and the object is

supported by the object supporter;

[00100] Figure 81 is a top elevation of the object transitioning apparatus of Figure 79,

wherein the object manipulator is disposed in an alignment effective configuration;

[00101] Figure 82 is a top elevation of the object transitioning apparatus of Figure 79,
wherein the object manipulator is disposed in a object emplacement/removal effective

configuration, and the object is supported by the object supporter;

[00102] Figure 83 is a perspective view of the housing and base of the object
transitioning apparatus of Figure 40, wherein the blocks are disposed in a retracted

configuration;

[00103] Figure 84 is a perspective view of the housing and base of the object
transitioning apparatus of Figure 40, wherein the blocks are disposed in an extended

configuration;

[00104] Figure 85 is a top elevation of the housing and base of the object transitioning

apparatus of Figure 83;

[00105] Figure 86 is a cross-sectional view of the housing and base of Figure 83, along

line 86-86 shown in Figure 85

[00106] Figure 87 is a top elevation of the housing and base of the object transitioning

apparatus of Figure 84,

[00107] Figure 88 is a cross-sectional view of the housing and base of Figure 83, along

line 88-88 shown in Figure 87;

[00108] Figure 89 is a perspective view of the object transitioning apparatus of Figure 40
and objects supported on an object supporter, the object supporter disposed laterally of the
object transitioning apparatus, the object manipulator of the object transitioning apparatus

disposed in a object distribution ready configuration;

[00109] Figure 90 is a top elevation view of the object transitioning apparatus and objects

of Figure 89;
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[00110] Figure 91 is a left side elevation view of the object transitioning apparatus and

objects of Figure 89;

[00111] Figure 92 is a perspective view of the object transitioning apparatus of Figure 40
and objects supported on an object supporter, the object supporter disposed laterally of the
object transitioning apparatus, the object manipulator of the object transitioning apparatus

disposed in an alignment ineffective configuration;

[00112] Figure 93 is a top elevation view of the object transitioning apparatus and objects
of Figure 92;
[00113] Figure 94 is a left side elevation view of the object transitioning apparatus and

objects of Figure 92;

[00114] Figure 95 is a perspective view of the object transitioning apparatus of Figure 40
and objects supported on an object supporter, the object supporter disposed laterally of the
object transitioning apparatus, the object manipulator of the object transitioning apparatus

disposed in an alignment effective configuration;

[00115] Figure 96 is a top elevation view of the object transitioning apparatus and objects
of Figure 95;
[00116] Figure 97 is a left side elevation view of the object transitioning apparatus and

objects of Figure 95;

[00117] Figure 98 is a perspective view of the object transitioning apparatus of Figure 40
and objects supported on an object supporter, the object supporter disposed laterally of the
object transitioning apparatus, the object manipulator of the object transitioning apparatus
disposed in an alignment effective configuration, and the extendible arm extended in a first

direction towards an object;

[00118] Figure 99 is a top elevation view of the object transitioning apparatus and objects
of Figure 98;
[00119] Figure 100 is a left side elevation view of the object transitioning apparatus and

objects of Figure 98;
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[00120] Figure 101 is a perspective view of the object transitioning apparatus of Figure
40 and objects supported on an object supporter, the object supporter disposed laterally of the
object transitioning apparatus, the object manipulator of the object transitioning apparatus

disposed in an object emplacement/removal effective;

[00121] Figure 102 is a top elevation view of the object transitioning apparatus and

objects of Figure 101;

[00122] Figure 103 is a left side elevation view of the object transitioning apparatus and

objects of Figure 101;

[00123] Figure 104 is a perspective view of the object transitioning apparatus of Figure
40 and objects supported on an object supporter, the object supporter disposed laterally of the
object transitioning apparatus, wherein an object is grasped by the object manipulator and the

object manipulator is disposed in the alignment effective configuration;

[00124] Figure 105 is a top elevation view of the object transitioning apparatus and

objects of Figure 104,

[00125] Figure 106 is a left side elevation view of the object transitioning apparatus and

objects of Figure 104,

[00126] Figure 107 is a perspective view of the object transitioning apparatus of Figure
40 and objects supported on an object supporter, the object supporter disposed laterally of the
object transitioning apparatus, wherein an object is grasped by the object manipulator, and the

object manipulator is disposed in the alignment ineffective configuration;

[00127] Figure 108 is a top elevation view of the object transitioning apparatus and

objects of Figure 107,

[00128] Figure 109 is a left side elevation view of the object transitioning apparatus and

objects of Figure 107,

[00129] Figure 110 is a perspective view of the object transitioning apparatus of Figure
40 and objects supported on an object supporter, the object supporter disposed laterally of the

object transitioning apparatus, wherein an object is grasped by the object manipulator and
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emplaced on the robot defined object supporter, and the object manipulator is disposed in the

object distribution ready configuration;

[00130] Figure 111 is a top elevation view of the object transitioning apparatus and

objects of Figure 110;

[00131] Figure 112 is a left side elevation view of the object transitioning apparatus and

objects of Figure 110;

[00132] Figure 113 is a front perspective view of the object transitioning apparatus of

Figure 40, with the object manipulator disposed at a second vertical position;

[00133] Figure 114 is a rear perspective view of the object transitioning apparatus of
Figure 113;
[00134] Figure 115A is a perspective view of the object transitioning apparatus of Figure

40 and an object disposed on a first object supporter, the first object supporter disposed on a

first side of the object transitioning apparatus;

[00135] Figure 115B is a front elevation view of the object transitioning apparatus and
object of Figure 115A;

[00136] Figure 116A is a perspective view of the object transitioning apparatus of Figure
40 and an object disposed on a first object supporter, the first object supporter disposed on a

first side of the object transitioning apparatus, the object grasped by the object manipulator;

[00137] Figure 116B is a front elevation view of the object transitioning apparatus and
object of Figure 116A;

[00138] Figure 117A is a perspective view of the object transitioning apparatus of Figure
40 and an object supported by the robot-defined object supporter, the object manipulator

disposed in a first configuration;

[00139] Figure 117B is a front elevation view of the object transitioning apparatus and
object of Figure 117A;
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[00140] Figure 118A is a perspective view of the object transitioning apparatus of Figure
40 and an object supported by the robot-defined object supporter, the object manipulator

disposed in a second configuration;

[00141] Figure 118B is a front elevation view of the object transitioning apparatus and
object of Figure 118A;

[00142] Figure 119A is a perspective view of the object transitioning apparatus of Figure
40 and an object supported by the robot-defined object supporter, the object manipulator

disposed in a fifth configuration;

[00143] Figure 119B is a front elevation view of the object transitioning apparatus and
object of Figure 119A;

[00144] Figure 120A is a perspective view of the object transitioning apparatus of Figure
40 and an object supported by the robot-defined object supporter, the object manipulator

disposed in a sixth configuration;

[00145] Figure 120B is a front elevation view of the object transitioning apparatus and
object of Figure 120A;

[00146] Figure 121A is a perspective view of the object transitioning apparatus of Figure
40 and an object supported by the robot-defined object supporter, the object manipulator

disposed in a third configuration;

[00147] Figure 121B is a front elevation view of the object transitioning apparatus and
object of Figure 121A;

[00148] Figure 122A is a perspective view of the object transitioning apparatus of Figure
40 and an object supported by the robot-defined object supporter, the object manipulator

disposed in a fourth configuration;

[00149] Figure 122B is a front elevation view of the object transitioning apparatus and
object of Figure 122A;

[00150] Figure 123A is a perspective view of the object transitioning apparatus of Figure

40 and an object disposed on a second object supporter, the second object supporter disposed

17



WO 2022/104464 PCT/CA2021/051632

on a second side of the object transitioning apparatus, the object grasped by the object

manipulator;

[00151] Figure 123B is a front elevation view of the object transitioning apparatus and
object of Figure 123A;

[00152] Figure 124 is a perspective view of a vertical displacement mechanism of the
object transitioning apparatus of Figure 40, the vertical displacement mechanism disposed in a

retracted configuration;

[00153] Figure 125 is a front elevation view of the vertical displacement mechanism of
Figure 124;
[00154] Figure 126 is a right side elevation view of the vertical displacement mechanism

of Figure 124;

[00155] Figure 127 is a cross-sectional view of the vertical displacement mechanism of

Figure 124, along line 127-127 shown in Figure 126;

[00156] Figure 128 is a perspective view of the vertical displacement mechanism of

Figure 124, the vertical displacement mechanism disposed in an extended configuration;

[00157] Figure 129 is a front elevation view of the vertical displacement mechanism of
Figure 128;
[00158] Figure 130 is a right side elevation view of the vertical displacement mechanism

of Figure 128;

[00159] Figure 131 is a cross-sectional view of the vertical displacement mechanism of

Figure 128, along line 131-131 shown in Figure 130;

[00160] Figure 132 is a perspective view of the object transitioning apparatus of Figure

40, depicting a second object manipulator;

[00161] Figure 133 is a perspective view of a displacement mechanism of the second
object manipulator of Figure 132, the displacement mechanism disposed in a retracted

configuration;
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[00162] Figure 134 is a perspective view of the displacement mechanism of the second
object manipulator of Figure 132, the displacement mechanism disposed in an intermediate

forward configuration;

[00163] Figure 135 is a perspective view of a displacement mechanism of the second
object manipulator of Figure 132, the displacement mechanism disposed in an extended

configuration;

[00164] Figure 136 is a perspective view of a displacement mechanism of the second
object manipulator of Figure 132, the displacement mechanism disposed in an intermediate

rearward configuration;

[00165] Figure 137 is a rear perspective view of the second object manipulator of Figure

132 grasping an object disposed longitudinally forward of the object transitioning apparatus;

[00166] Figure 138 is a front perspective view of the object manipulator and the object of
Figure 137;
[00167] Figure 139 is a rear perspective view of the second object manipulator of Figure

132 grasping an object that is emplaced on the robot-defined object supporter;

[00168] Figure 140 is a front perspective view of the object manipulator and the object of
Figure 137;
[00169] Figure 141 is a rear perspective view of the second object manipulator of Figure

132 and the object, the object emplaced on the robot-defined object supporter, and the end

effector of the second object manipulator disposed in a retracted configuration;

[00170] Figure 142 is a front perspective view of the object manipulator and the object of
Figure 141;

[00171] Figure 143 is a schematic of a temperature map;

[00172] Figure 144 is a front perspective view of the robot of Figure 5 and a pallet of

objects disposed laterally of the robot;

[00173] Figure 145 is a front perspective view of a driver of an object transitioning

apparatus, wherein the grasping configurations include upward-facing hooks;
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[00174] Figure 146 is a bottom perspective view of the driver of Figure 145, with a hook

disposed in alignment with a handle of an object;

[00175] Figure 147 is a front perspective view of a driver of an object transitioning
apparatus, wherein the grasping configurations include downward-facing hooks, wherein a

portion of a front—surface defining wall of an object is received in a downward facing hook;

[00176] Figure 148 is a perspective view of a rail-coupling structure of the robot of Figure
5,

[00177] Figure 149 is a front elevation of the rail-coupling structure of Figure 148 coupled
to arail;

DETAILED DESCRIPTION

[00178] Embodiments herein relate to robotic apparatuses, systems, and methods for
moving objects such as packages, containers, totes, cases, bins, and/or boxes in a site for
fulfillment automation. The robotic system disclosed herein is suitable for operation in
warehouses to reduce operation cost and increase the warehouse's overall throughput, such as

the pick rate.

[00179] The robotic system disclosed herein utilizes robotic automation to effect dense
picking operation capability and flexibility and without interference to other warehouse

operations.

[00180] In some embodiments, for example, the robotic system disclosed herein uses
one or more robots 110, for example, autonomous mobile robots, for operating in dense
warehouses and logistic sites with packed objects placed beside each other in side by side

relationship and/or above each other.

[00181] In some embodiments, for example, the robot 110 uses electrical and pneumatic
actuators and motors with Al-based motion-planning software to move in a site such as a

warehouse and to move objects from or to warehouse racks for warehouse order fulfillment.

[00182] In some embodiments, for example, the robotic system disclosed herein is
designed from mechanical, electrical, and software standpoints to become a plug-and-play

robotic system for easy integration with various warehouse types and environments.
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[00183] In some embodiments, the robotic system disclosed herein may be integrated
with various management systems such as warehouse management software (WMS) systems,

cloud-based AMR fleet management systems, and the like.

[00184] In some embodiments, for example, the robot 110 comprises one or more
proximity switches and sensors for collision avoidance and obstacle detection during movement
of the robot 110 about the site.

[00185] In some embodiments, for example, the robot 110 includes one or more optical
sensors such as a stereo camera, 3D camera, or light detection and ranging (LIDAR) sensors,
displacement transducers, and Al-based computer vision technologies for navigation and object
identification. In some embodiments, for example, the robot 110 comprises an Al engine using
computer vision for decision making. In some embodiments, for example, the Al engine is a

computer-vision-based Al engine.

[00186] The computer-vision-based Al engine of the robot 110 is trained using deep
learning algorithms to expand its capabilities and improve its performance. To this end, in some
embodiments, for example, the data collected by the optical sensors and displacement
transducers are used to train the Al engine. In some embodiments, the robot 110 uses a
feedback control subsystem combined with the Al engine to provide strong capability and
reliability. In some embodiments, for example, the robot 110 uses shelf height information from
actual shelf heights to facilitate the computer-vision-based Al engine in the position control of

the object transitioning apparatus.

[00187] In some embodiments, for example, the robot 110 incudes sensors such as
optical sensors (e.g. stereo cameras, 3D cameras, LIDAR sensors) and/or suitable
ranging/positioning devices to facilitate computer vision, object detection, and collision
detection. In some embodiments, for example, the robot 110 uses non-Al technologies for
improving the reliability of the outputs and decisions of the Al engine in computer vision, object

detection, and collision detection.

[00188] In some embodiments, the robot 110 comprises one or more lighting components
such as one or more light-emitting diode (LED) lights, which may be turned on for illuminating
the field of view (FOV) of the sensors (e.g. proximity sensors, optical sensors, etc.) of the robot

110 to facilitate collection of data by the sensors.
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[00189] Figure 1 depicts a robotic system 100. In some embodiments, for example, the
robotic system 100 is configured for automating manual tasks in a site 102 such as a

warehouse, a distribution center, a port, a cargo, a retail, and/or the like.

[00190] In some embodiments, for example, the site 102 comprises one or more racks
104 defining one or more object supporters, wherein an object supporter defines a surface on
which the object is supportable, for example, a shelf of a rack, a platform, or a pallet, for
accommodating a plurality of objects 106 such as packages, containers, bins, boxes, totes,
and/or the like. One or more autonomous mobile robots 110 are deployed in the site 102 for
moving objects from one or more loading zones 112 to the racks 104, from the racks 104 to the

loading zones 112, or between the racks 104.

[00191] Each one of the robots 110, independently, are disposed in operable
communication, for example, data communication, with one or more server computers 114 via a
network 116 such as the Internet, a local area network (LAN), a wide area network (WAN), a
metropolitan area network (MAN), and/or the like, preferably via suitable wireless
communication technologies such as such as WI-FI® (WI-Fl is a registered trademark of Wi-Fi
Alliance, Austin, TX, USA), BLUETOOTH® (BLUETOOTH is a registered trademark of
Bluetooth Sig Inc., Kirkland, WA, USA), Bluetooth Low Energy (BLE), Z-Wave, Long Range
(LoRa), ZIGBEE® (ZIGBEE is a registered trademark of ZigBee Alliance Corp., San Ramon,
CA, USA), wireless broadband communication technologies such as Global System for Mobile
Communications (GSM), Code Division Multiple Access (CDMA), Universal Mobile
Telecommunications System (UMTS), Worldwide Interoperability for Microwave Access
(WIMAX), CDMA2000, Long Term Evolution (LTE), 3GPP, 5G networks, and/or the like. In
some embodiments, the network 116 may also comprise one or more communication nodes
118, such as routers, switches, wireless access points, and/or the like, deployed in the site 102

for facilitating access of the network 116 by the robots 110.

[00192] In some embodiments, for example, the robots 110 are disposed in operable
communication with the server 114 and/or the network 116 using suitable wired communication
technologies such as Ethernet, USB cables, serial cables, parallel cables, and/or the like, if

needed.

[00193] In some embodiments, for example, the robotic system 100 comprises one or

more client computing devices 120 used by one or more users to communicate with the server
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computer 114 via the network 116 for performing various tasks such as placing an object-
moving order, querying the status of a package-moving order, querying the status of the robots
110, querying the locations of objects 106, receiving notifications of package-moving orders,
and the like. In some embodiments, for example, the client computing devices 120 are any
suitable portable or non-portable computing devices such as desktop computers, laptop

computers, tablets, smartphones, Personal Digital Assistants (PDAs), and/or the like.

[00194] In some embodiments, for example, the server computer 114 and client
computing device 120 have similar hardware architecture and comprise a plurality of
components including, e.g., a processor (also called a processing structure), system memory
(volatile and/or non-volatile memory, e.g., RAM, ROM, EEPROM, and/or the like), non-
removable or removable memory (e.g., hard disk drives, CD-ROMs, DVDs, solid-state memory,
flash memory, and/or the like), networking components for connecting to the network 116, a
display, one or more input devices such as a keyboard and a computer mouse, other
input/output devices such as a microphone, a speaker, a printer, a scanner, and/or the like, and

a system bus coupling the various computer components to the processor.

[00195] In some embodiments, for example, the processor is one or more single-core or
multiple-core computing processors such as INTEL® microprocessors (INTEL is a registered
trademark of Intel Corp., Santa Clara, CA, USA), AMD® microprocessors (AMD is a registered
trademark of Advanced Micro Devices Inc., Sunnyvale, CA, USA), ARM® microprocessors
(ARM is a registered trademark of Arm Ltd., Cambridge, UK) manufactured by a variety of
manufactures such as Qualcomm of San Diego, California, USA, under the ARM® architecture,

or the like.

[00196] In some embodiments, for example, the processor is one or more real-time
processors, programmable logic controllers (PLCs), microcontroller units (MCUs), y-controllers
(UCs), specialized or customized processors or controllers using e.g., field-programmable gate

array (FPGA) or application-specific integrated circuit (ASIC) technologies, and/or the like.

[00197] In some embodiments, for example the robot 110 comprises a plurality of
components including, e.g., a processor, system memory (volatile and/or non-volatile memory,
e.g., RAM, ROM, EEPROM, and/or the like), non-removable or removable memory (e.g., hard
disk drives, CD-ROMSs, DVDs, solid-state memory, flash memory, and/or the like), networking

components for connecting to the network 116, a plurality of sensors such as one or more
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optical sensors and displacement transducers, a plurality of action components including a lift
mechanism, an object transitioning apparatus, and a base including a motive power assembly,

and a system bus coupling the various components to the processor.

[00198] In some embodiments, for example the robot 110 comprises a display, one or
more input devices such as a keyboard and a computer mouse, other input/output devices such

as a microphone, a speaker, a printer, a scanner, and/or the like.

[00199] In some embodiments, for example the processor of the robot 110 is one or more
real-time processors, PLCs, MCUs, UCs, specialized or customized processors or controllers
using e.g., FPGA or ASIC technologies, and/or the like. In some embodiments, for example, the
processor of the robot 110 is one or more single-core or multiple-core computing processors
such as INTEL® microprocessors, AMD® microprocessors, ARM® microprocessors, and/or the
like.

[00200] Figure 2 is a schematic diagram showing the software structure 200 of the
robotic system 100 in some embodiments. In some embodiments, for example, the robot 110
comprises a control module or a controller 202 coupled to an artificial intelligence (Al) engine
224 and in operable communication with sensors 204, for example, optical sensors,
displacement transducers, vacuum sensors, and proximity sensors, as described in greater
detail below, and action components 208, for example, the base 302, the lift mechanism 340,

and the object transitioning apparatus 420, as described in greater detail below.

[00201] The control module 202 receives data collected by the sensors 206 and uses the
Al engine 224 to make a plurality of decisions such as the exact location of an object, robot
navigation (e.g., the path from the current location of the robot 110 to an object), an empty
space in an object supporter of a rack, and/or the like, based on the received sensor data and
the received user instructions. The controller 202 then instructs the action components 208 to

perform an object-moving action.

[00202] The server computer 114 comprises a management module 222 coupled to a
user interface 226 and a database 228 thereof. The management module 222 communicates
with the client computing devices 120 via the user interface 226 to receive user instructions
such as instructions of moving one or more packages 106. The management module 222 then
processes the user instructions and sends the processed instructions to the controller 202 of the

robot 110 for execution. After receiving execution reports from the controller 202 of the robot
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110, the management module 222 of the server computer 114 reports the execution reports and
various information such as the package-moving results, status of the robot 110, the status of
the site 102, the status of racks 104, and/or the like, to the user via the user interface 226. In
some embodiments, for example, the management module 222 stores the execution reports

and various information into the database 228.

[00203] The robotic system 100 disclosed herein uses suitable deep learning algorithms
to train the Al engine 224 for expanded capabilities and improved performances in, e.g.,
pathfinding and object recognition during an object-moving process or object-interacting

process, based on computer vision and other suitable technologies.

[00204] In some embodiments, for example, the robot 110 is configured for autonomous

navigation, for example, via the Al engine 224.

[00205] In some embodiments, for example, the robot 110 includes the necessary
integrated circuits (ICs) to implement an Al engine 224 thereon rather than relying on an Al
engine on a server computer that usually requires wireless communications, thereby eliminating

the risk of poor wireless network connections may be present in the warehouse environment.

[00206] In some embodiments, for example, the robot 110 includes optical sensors such
as stereo camera, 3D camera, and light detection and ranging (LIDAR) sensors and Al-based
computer vision technologies for navigation and object identification. In some embodiments, for

example, the robot 110 comprises an Al engine 224 using computer vision for decision making.

[00207] The computer-vision-based Al engine of the robot 110 is trained using deep
learning algorithms to expand its capabilities and improve its performance. In some
embodiments, as the sensors of the robot 110 collect data, the data is provided to the Al engine
224 to scale the training faster. In some embodiments, the robot 110 uses a feedback control
subsystem combined with the Al engine 224 to provide strong capability and reliability. In some
embodiments, for example, the Al engine uses shelf height information from actual shelf heights
to facilitate the computer-vision-based Al engine 224 in the vertical displacement of the object

transitioning apparatus 420, relative to the base 302.

[00208] In some embodiments, for example, as depicted in Figure 5 to Figure 14, the
robot 110 includes a base or a base configuration 302. In some embodiments, for example, the

base configuration 302 is a mobile base configuration 302.
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[00209] The base configuration 302 includes a motive power configuration including an
engine structure, such as electronic motors, gas motor, and/or internal-combustion engines, a
power source for the engine structure, such as a battery, fuel cell, or a fuel tank, operably
coupled to the engine structure, a power source for the robot 110, such as a battery, a mobility
platform 304, such as a plurality of wheels 306 including a pair of driving wheels 306A and a
plurality of driven wheels 306B, configured for becoming co-operatively disposed in contact
engagement with a reaction surface, such as the floor of the warehouse, for facilitating
movement of the robot across the reaction surface, and a transmission configuration coupling
the mobility platform and motive power configuration for moving the robot 110. In some
embodiments, for example, the power source for the robot 110 is also the power source of the

engine structure.

[00210] In some embodiments, for example, the mobility platform is configured for
becoming co-operatively disposed in contact engagement with the reaction surface for
facilitating movement of the mobile robot across the reaction surface within an aisle, which is
defined by a first object supporter and second object supporter, the first object supporter is

disposed opposite the second object supporter in a spaced-apart relationship.

[00211] In some embodiments, for example, the base configuration 302 comprises an
autonomous navigation system having one or more optical sensors such as one or more
cameras and/or one or more LIDAR sensors to control the motive power configuration and
navigate the robot 110 to move in the site 102 using a suitable navigation technology such as
LIDAR-based ranging and navigation, Visual Simultaneous Localization and Mapping (Visual
SLAM), navigation technologies based on Ultra-Wide Band (UWB) communications, and

Beacon technologies.

[00212] In some embodiments, for example, the controller 202 of the robot 110 is

disposed in the base configuration 302.

[00213] In some embodiments, for example, as depicted in Figure 9, an upper surface
312 of the base configuration 302 includes a plurality of bolt holes 308 and a plurality of guide
pins 310 for connection of the lift mechanism 340 to the base configuration 302. In some
embodiments, for example, the lift mechanism 340, for example, a frame 342 of the lift
mechanism 340, is bolted to the base configuration 302 via the bolt holes 308. In some

embodiments, for example, the frame 342 includes corresponding bolt holes for securing the
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frame 342 to the base configuration 302 via mechanical fasteners, such as nuts and bolts,

screws, and the like. In some embodiments, for example, the connection of the lift mechanism
340 to the base configuration 302 is aligned via the guide pins 310. In some embodiments, for
example, the frame 342 includes corresponding guide ports for receiving the guide pins 310 to

align the connection between the frame 342 and the base configuration 302.

[00214] In some embodiments, for example, as depicted in Figure 5 to Figure 8, and
Figure 15 to Figure 18, the robot 110 includes a lift mechanism 340. The lift mechanism 340 is
connected to the base configuration 302 via mechanical fasteners. In some embodiments, for
example, while the lift mechanism 340 is connected to the base configuration 302, the central
longitudinal axis of the lift mechanism 340 is perpendicular to the upper surface 312 of the base

configuration 302.

[00215] The lift mechanism 340 is configured to be coupled to an object transitioning
apparatus 420, and, while the lift mechanism 340 is coupled to the object transitioning
apparatus 420, the lift mechanism 340 is further configured to vertically displace the object
transitioning apparatus 420. In some embodiments, for example, while the lift mechanism 340
is coupled to the base 302, the vertical displacement of the object transitioning apparatus 420 is
relative to the base 302. In some embodiments, for example, the vertical displacement of the
object transitioning apparatus 420, relative to the base 302, is for disposition of a platform or a
robot-defined object supporter 502 of the object transitioning apparatus 420 at the same
elevation as an object supporter, such as a shelf of a rack, a platform, or a pallet disposed in a
site 102 such as a warehouse, such that an object on the robot-defined object supporter 502 is
laterally (e.g. left or right of the robot 110) or longitudinally (e.g. front of the robot 110)
displaceable from the platform to the object supporter, for example, to emplace the object onto
the object supporter for storage, or such that an object that is supported on the object supporter
is laterally displaceable from the object supporter to the robot-defined object supporter 502, for

example, to retrieve the object and move the object to another location in the site.

[00216] In some embodiments, for example, while the object transitioning apparatus 420
is coupled to the lift mechanism 340, and the lift mechanism 340 is connected to the base 320,

the object transitioning apparatus 420 is supported on the base 320.

[00217] In some embodiments, for example, the lift mechanism 340 includes a frame 342

an intermediate carrier 346, and an inner carrier 348. The frame 342 is connected to the base
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configuration 302, such that the connection of the lift mechanism 340 to the base configuration

302 is effected by the connection of the frame 342 to the base configuration 302.

[00218] The intermediate carrier 346 is coupled to the frame 342 such that the
intermediate carrier 346 is vertically displaceable relative to the frame 342. While the frame 342
is connected to the base configuration 302, the vertical displaceability of the intermediate carrier

3486, relative to the frame 342, is also relative to the base configuration 302.

[00219] The inner carrier 348 is coupled to the intermediate carrier 346 such that the
inner carrier 348 is vertically displaceable relative to the frame 342. While the frame 342 is
connected to the base configuration 302, the vertical displaceability of the inner carrier 348,

relative to the frame 342, is also relative to the base configuration 302.

[00220] As described in greater detail below, the inner carrier 348 is coupled to the
intermediate carrier 346 such that the inner carrier 348 is vertically displaceable relative to the
intermediate carrier 346. While the frame 342 is connected to the base configuration 302, the
vertical displaceability of the inner carrier 348, relative to the intermediate carrier 346, is also

relative to the base configuration 302.

[00221] In some embodiments, for example, the vertical displaceability of the
intermediate carrier 346 and the inner carrier 348 is such that the lift mechanism 340 is
transitionable between a retracted configuration, as depicted in Figure 15 and Figure 16, and an
extended configuration, as depicted in Figure 17 and Figure 18. In some embodiments, for
example, while the lift mechanism 340 is disposed in the retracted configuration, the
intermediate carrier 346 is disposed within the frame 342, for example, within a cavity 350
defined by the frame 342, and the inner carrier 348 is disposed within the intermediate carrier
3486, for example, within a cavity 351 defined by the intermediate carrier 346. In some
embodiments, for example, while the lift mechanism 340 is disposed in the extended
configuration, at least a portion of the intermediate carrier 346 is disposed above the frame 342,

and at least a portion of the inner carrier 348 is disposed above the intermediate carrier 346.

[00222] In some embodiments, for example, the vertical displaceability of the
intermediate carrier 346, relative to the base 302, is such that the intermediate carrier 346 is
vertically displaceable, relative to the base 302, between a lower vertical position, as depicted in
Figure 15 and Figure 16, and a higher vertical position, as depicted by Figure 17 and Figure 18,

wherein the higher vertical position is elevated relative to the lower vertical position.
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[00223] In some embodiments, for example, the vertical displaceability of the inner carrier
348, relative to the base 302, is such that the inner carrier 348 is vertically displaceable, relative
to the base 302, between a lower vertical position, as depicted in Figure 15 and Figure 16, and
a higher vertical position, as depicted by Figure 17 and Figure 18, wherein the higher vertical

position is elevated relative to the lower vertical position.

[00224] In some embodiments, for example, the lift mechanism 340 is a telescoping lift
mechanism. In some embodiments, for example, while the lift mechanism 340 is disposed in
the retracted configuration, the intermediate carrier 346 and the inner carrier 348 are nested in
the frame 342, wherein the intermediate carrier 346 is disposed within the frame 342, and the
inner carrier 348 is disposed within the intermediate carrier 346. In some embodiments, for
example, while the lift mechanism 340 is disposed in the extended configuration, the
intermediate carrier 346 and the inner carrier 348 are de-nested from the frame 342, wherein at
least a portion of the intermediate carrier 346 is disposed above the frame 342, and at least a
portion of the inner carrier 348 is disposed above the intermediate carrier 346. In some
embodiments, for example, wherein the lift mechanism 340 is a telescoping lift mechanism,
vertical displacement of the intermediate carrier 346 and the inner carrier 348, relative to the
frame 342, includes vertical extension and vertical retraction of the intermediate carrier 346 and

the inner carrier 348, relative to the frame 342.

[00225] In some embodiments, for example, the lift mechanism 340 includes a connector
plate 352 that is configured to operably couple with the object transitioning apparatus 420. In
some embodiments, for example, coupling of the object transitioning apparatus 420 to the lift
mechanism 340 is effected by coupling of the object transitioning apparatus 420 to the
connector plate 352. The connector plate 352 defines one or more first connection system
counterparts 354, wherein each one of the one or more first connection system counterparts
354, independently, co-operates with a respective second connection system counterpart 424 of
the object transitioning apparatus 420, for coupling the connector plate 352 and the object
transitioning apparatus 420. In some embodiments, for example, as depicted in Figure 33, the
connector plate 352 defines a pair of first connection system counterparts 354 disposed on
opposite ends of the connector plate 350, such that the first connection system counterparts
354 are disposed in opposing relationship. Each one of the first connection system
counterparts 354, independently, defines a connector 358 that extends from an inner surface
356 of the connector plate 352 in a direction towards the other first connection system

counterpart 354. As depicted, each one of the connectors 358 of the first connection system
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counterparts 354, independently, has a triangular shape pointing vertically upwards. In some
embodiments, for example, each one of the connectors 358, independently, has a circular
shape, an oval shape, a quadrilateral shape such as a square or a rectangle, or a shape with
more than four sides. In some embodiments, for example, each one of the second connection
system counterparts 424 of the object transitioning apparatus 420, independently, defines a
recess 426 to receive the connector 358 of the respective first connection system counterpart
354,

[00226] In some embodiments, for example, the coupling of the connector plate 352 and
the object transitioning apparatus 420 is a releasable coupling. In such embodiments, for
example, a first object transitioning apparatus 420, having a first object manipulator 430, that is
coupled to the connector plate 352, can be decoupled from the connector plate 352, and a
second object transitioning apparatus 420, having a second object manipulator 430 that is
different from the first object manipulator 430 of the first object transitioning apparatus 420, can
be coupled to the connector plate 352. In this respect, in some embodiments, for example, the
object transitioning apparatus 420 having the appropriate object manipulator 430 for grasping a

particular object can be coupled to the connector plate 352 for transitioning the object.

[00227] In some embodiments, for example, the connector plate 352 is vertically
displaceable, relative to the base 302. In some embodiments, for example, the connector plate
352 is coupled to the inner carrier 348, such that the connector plate 352 is vertically displaced,
relative to the base 302, in response to vertical displacement of the inner carrier 348, relative to
the base 302.

[00228] In some embodiments, for example, while the object transitioning apparatus 420
is coupled to the connector plate 352, the object transitioning apparatus 420 is coupled to the lift
mechanism 340, such that the object transitioning apparatus 420 is vertically displaceable,
relative to the base 302, by the lift mechanism 340. In some embodiments, for example, while
the object transitioning apparatus 420 is coupled to the connector plate 352, the object
transitioning apparatus 420 is coupled to the inner carrier 348, such that the object transitioning
apparatus 420 is vertically displaced, relative to the base 302, in response to vertical

displacement of the inner carrier 348, relative to the base 302.

[00229] In some embodiments, for example, the vertical displaceability of the object

transitioning apparatus 420, relative to the base 302, is such that the object transitioning
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apparatus 420 is vertically displaceable, relative to the base 302, between a lower vertical
position, as depicted in Figure 5, and a higher vertical position, as depicted by Figure 6, wherein

the higher vertical position is elevated relative to the lower vertical position.

[00230] In some embodiments, for example, the vertical length of the frame 342 is at
least 6 feet, for example, 8 feet, for example, 10 feet. In some embodiments, for example, the
vertical length of the inner carrier 346 is at least 6 feet, for example, 8 feet, for example, 10 feet.
In some embodiments, for example, the vertical length of the inner carrier 348 is at least 6 feet,

for example, 8 feet, for example, 10 feet.

[00231] In some embodiments, for example, the frame 342 is manufactured using sheet
metal. In some embodiments, for example, the intermediate carrier 346 is manufactured using
sheet metal. In some embodiments, for example, the inner carrier 348 is manufactured using

sheet metal.

[00232] In some embodiments, for example, the lift mechanism 340 includes an actuator
configuration 360 to effect the vertical displacement of the intermediate carrier 346 and inner
carrier 348, relative to the base 302. In some embodiments, for example, the actuator
configuration 360 includes a prime mover 362, for example, a motor, for example, an electric
motor, that is disposed in operable communication with the intermediate carrier 346. In some
embodiments, for example, the prime mover 362 is mounted to the frame 342. |n some
embodiments, for example, the mounting of the prime mover 362 to the frame 342 is such that
the prime mover 362 is accessible via a side panel 345 of the frame 342, for example, for
maintenance or replacement of the prime mover 362. The prime mover 362 is configured to
generate a displacement force that is applicable to the intermediate carrier 346 and the inner
carrier 348 for vertically displacing the intermediate carrier 346 and the inner carrier 348,
relative to the base 302. In response to application of the displacement force from the prime
mover 362 to the intermediate carrier 346 and the inner carrier 348, the intermediate carrier 346

and the inner carrier 348 are vertically displaced, relative to the base 302.

[00233] In some embodiments, for example, the prime mover 362 is configurable in an
upward displacement drive state and a downward displacement drive state. In some
embodiments, for example, while the prime mover 362 is disposed in the upward displacement
drive state, the displacement force applied to the intermediate carrier 346 and the inner carrier

348 has an upward direction, such that the intermediate carrier 346 and the inner carrier 348
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are displaced in the upward direction, relative to the base 302, in response to application of the
displacement force to the intermediate carrier 346 and the inner carrier 348. In some
embodiments, for example, while the prime mover 362 is disposed in the downward
displacement drive state, the displacement force applied to the intermediate carrier 346 and the
inner carrier 348 has a downward direction, such that the intermediate carrier 346 and the inner
carrier 348 are displaced in the downward direction, relative to the base 302, in response to

application of the displacement force to the intermediate carrier 346 and the inner carrier 348.

[00234] In some embodiments, for example, the prime mover 362 is disposed in data
communication with the controller 202 and further disposed in electrical communication with the
battery, for actuation of the prime mover 362 in the upward displacement drive state and the

downward displacement drive state, via control commands from the controller 202.

[00235] In some embodiments, for example, the actuator configuration 360 includes a
transmission configuration 364 to effect the operable communication between the prime mover
362 and the intermediate carrier 346 and the inner carrier 348, in particular, between the prime
mover 362 and the intermediate carrier 346. In some embodiments, for example, the
transmission configuration 364 includes a transmission component 366, for example, a drive
belt, a chain, a cable and the like, and an intermediate carrier connector 368, such as a plate or
a block. As depicted in Figure 19, the transmission component 366 connects the prime mover
362 and the intermediate carrier connector 368, which is connected to the intermediate carrier
346, such that the displacement force generated by the prime mover 362 is applied to the
intermediate carrier 346 via the transmission component 366 and the intermediate carrier
connector 368. In this respect, the displacement force generated by the prime mover 362 is an
intermediate carrier displacement force. The intermediate carrier displacement force generated
by the prime mover 362 is not directly applied to the inner module 348. In response to
application of the intermediate carrier displacement force from the prime mover 362 to the
intermediate carrier 346, the intermediate carrier 346 is vertically displaced, relative to the base
302.

[00236] In some embodiments, for example, to vertically displace the inner module 348,
relative to the intermediate module 346, the lift mechanism 340 includes a transmission
configuration 370. The base configuration 302, the intermediate carrier 346, the inner carrier
348, the transmission configuration 370 and the actuator configuration 360 are co-operatively

configured such that, in response to application of the intermediate carrier displacement force to
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the intermediate carrier 346 by the actuator configuration 360 to effect the vertical displacement
of the intermediate carrier 346, relative to the base configuration 302, an inner carrier
displacement force is applied by the transmission configuration 370 to the inner carrier 348, to
effect vertical displacement of the inner carrier 348, relative to the intermediate inner 346. In
this respect, in some embodiments, for example, the displacement force generated by the prime
mover 362 is applied directly to the intermediate carrier 346, and applied indirectly to the inner

carrier 348 via the transmission configuration 370.

[00237] As depicted in Figure 31 and Figure 32, in some embodiments, for example, the
transmission configuration 370 includes a transmission component 372, for example, a drive
belt, a chain, a cable, and the like, and a pulley configuration 374, wherein the pulley
configuration 374 includes two pulleys 376 and 378. The pulleys 376 and 378 are mounted to
the intermediate carrier 346 with the pulley 376 positioned above the pulley 378, and the
transmission component 372 is looped around the pulleys 376 and 378 and extend between the
pulleys 376 and 378 and disposed in tension, with a first portion 380 of the transmission
component 372 connected to the frame 342, and a second portion 382 of the transmission

component connected to the inner carrier 348.

[00238] In response to upward vertical displacement of the intermediate carrier 346, for
example, in response to application of the intermediate carrier displacement force having an
upward vertical direction from the prime mover 362, the pulleys 376 and 378 are displaced
upwards. As the pulley 376 is displaced upwards, the pulley 376 exerts a force on the
transmission component 372, with effect that the transmission component 372 becomes further
disposed in tension. Due to the connection of the transmission component to: (i) the frame 342,
which is connected to the base 302 such that there is an absence of vertical displacement of the
frame 342 relative to the base 302, and (ii) the inner carrier 348, which is displaceable relative
to the intermediate carrier 346, as the transmission component becomes further disposed in
tension, the tension in the transmission component 372 is transferred to the inner carrier 348 as
an inner carrier displacement force, having an upward direction. In this respect, as the
intermediate carrier 346 is displaced vertically upwards, the transmission component 372
applies the inner carrier displacement force to the inner carrier 348. In response to application
of the inner carrier displacement force to the inner carrier 348, the inner carrier 348 is displaced,

relative to the intermediate carrier 346, in the upward direction.
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[00239] Similarly, in response to downward vertical displacement of the intermediate
carrier 346, for example, in response to application of the intermediate carrier displacement
force having a downward vertical direction from the prime mover 362, the pulleys 376 and 378
are displaced downwards. As the pulley 378 is displaced downwards, the pulley 378 exerts a
force on the transmission component 372, with effect that the transmission component 372
becomes further disposed in tension. Due to the connection of the transmission component to:
(i) the frame 342, which is connected to the base 302 such that there is an absence of vertical
displacement of the frame 342 relative to the base 302, and (ii) the inner carrier 348, which is
displaceable relative to the intermediate carrier 346, as the transmission component becomes
further disposed in tension, the tension in the transmission component 372 is transferred to the
inner carrier 348 as an inner carrier displacement force, having a downward direction. In this
respect, as the intermediate carrier 346 is displaced vertically downwards, the transmission
component 372 applies the inner carrier displacement force to the inner carrier 348. In
response to application of the inner carrier displacement force to the inner carrier 348, the inner

carrier 348 is displaced, relative to the intermediate carrier 346, in the downward direction.

[00240] In some embodiments, for example, the lift mechanism 340 includes more than
one actuator configuration 360, for example, two actuator configurations 360. In some
embodiments, for example, the two actuator configurations 360 are disposed, relative to the
intermediate carrier 346, such that the intermediate carrier displacement forces applied to the
intermediate carrier 346 by the actuator configurations 360 are balanced about a central
longitudinal axis of the intermediate carrier 346. In some embodiments, for example, the two

actuator configurations 360 are disposed in opposing relationship.

[00241] In some embodiments, for example, the lift mechanism 340 includes more than
one transmission configuration 370, for example, a transmission configuration 370 for each
actuator configuration 360 of the robot 110, for example, two transmission configurations 370.
In some embodiments, for example, the two transmission configurations 370 are disposed,
relative to the inner carrier 348, such that the inner carrier displacement forces applied to the
inner carrier 348 by the transmission configurations 370 are balanced about a central
longitudinal axis of the inner carrier 348. In some embodiments, for example, the two

transmission configurations 370 are disposed in opposing relationship.

[00242] As noted above, in some embodiments, for example, the connector plate 352 is

coupled to the inner carrier 348, such that the connector plate 352 is vertically displaceable,
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relative to the base 302, in response to vertical displacement of the inner carrier 348, relative to
the base 302.

[00243] In some embodiments, for example, the coupling of the connector plate 352 to
the inner carrier 348 is also such that the connector plate 352 is vertically displaceable, relative
to the inner carrier 348. In some embodiments, for example, the vertical displacement of the
connector plate 352, effected via vertical displacement of the inner carrier 348, relative to the
base 302, is independent of the vertical displacement of the connector plate 352, relative to the
inner carrier 348. In this respect, in some embodiments, for example: (i) while the lift
mechanism 340 is disposed in the retracted configuration, the connector plate 352 is vertically
displaceable relative to the inner carrier 348, (ii) while the lift mechanism 340 is disposed in the
extended configuration, the connector plate 352 is also vertically displaceable relative to the
inner carrier 348, and (iii) while the lift mechanism 340 is transitioning between the retracted
configuration and the extended configuration, the connector plate 352 is also vertically

displaceable relative to the inner carrier 348.

[00244] In some embodiments, for example, the vertical displaceability of the connector

plate 352, relative to the inner carrier 348, is such that the connector plate 352 is displaceable,

relative to the inner carrier 348, between a lower vertical position, as depicted in Figure 36, and
a higher vertical position, as depicted by Figure 38, wherein the higher vertical position is

elevated relative to the lower vertical position.

[00245] In some embodiments, for example, while the object transitioning apparatus 420
is coupled to the connector plate 352, the object transitioning apparatus 420 is vertically
displaced, relative to the inner carrier 348, in response to vertical displacement of the connector
plate 352, relative to the inner carrier 348. In some embodiments, for example, while the object
transitioning apparatus 420 is coupled to the connector plate 352, the object transitioning
apparatus 420 is vertically displaced, relative to the base 302, in response to vertical

displacement of the connector plate 352, relative to the inner carrier 348.

[00246] In some embodiments, for example, the vertical displaceability of the connector
plate 352, relative to the inner carrier 348, is such that, while the object transitioning apparatus
420 is coupled to the connector plate 352, the object transitioning apparatus 420 is

displaceable, relative to the inner carrier 348, between a lower vertical position, as depicted in
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Figure 36, and a higher vertical position, as depicted by Figure 38, wherein the higher vertical

position is elevated relative to the lower vertical position.

[00247] In some embodiments, for example, if the object transitioning apparatus 420 is to
be vertically displaced a relatively shortly distance, for example, less than the vertical height of
the frame 342, said vertical displacement can be effected only by the vertical displacement of
the connector plate 352, relative to the inner carrier 348, without also having to vertically

displace the intermediate carrier 346 and inner carrier 348, relative to the frame 342.

[00248] In some embodiments, for example, the connector plate 352 is vertically
displaceable, relative to the base 302, in at least two ways, including: (i) the vertical
displacement of the connector plate 352, effected via vertical displacement of the intermediate
carrier 346 and inner carrier 348, relative to the base 302, and (ii) the vertical displacement of

the connector plate 352, relative to the inner carrier 348.

[00249] In some embodiments, for example, while the object transitioning apparatus 420
is connected to the connector plate 352, the object transitioning apparatus 420 is vertically
displaceable, relative to the base 302, in at least two ways, including: (i) the vertical
displacement of the connector plate 352, effected via vertical displacement of the intermediate
carrier 346 and inner carrier 348, relative to the base 302, and (ii) the vertical displacement of

the connector plate 352, relative to the inner carrier 348.

[00250] In some embodiments, for example, by having at least the two ways of vertically
displacing the object transitioning apparatus 420, relative to the base 302, the vertical
displacement of the object transitioning apparatus 420, relative to the base 302, can be effected
more quickly, than if there were only one of the two ways of vertically displacing the object

transitioning apparatus 420, relative to the base 302.

[00251] In some embodiments, for example, the lift mechanism 340 includes an actuator
configuration 400 to effect the vertical displacement of the connector plate 352, relative to the
inner carrier 348. In some embodiments, for example, the actuator configuration 400 includes a
prime mover 402, for example, a motor, for example, an electric motor, that is disposed in
operable communication with the connector plate 352. In some embodiments, for example, the
prime mover 402 is mounted to the inner carrier 348. The prime mover 402 is configured to
generate a displacement force that is applicable to the connector plate 352 for vertically

displacing the connector plate 352, relative to the inner carrier 348. In response to application of

36



WO 2022/104464 PCT/CA2021/051632

the displacement force from the prime mover 402 to the connector plate 352, the connector

plate 352 is vertically displaced, relative to the inner carrier 348.

[00252] In some embodiments, for example, the prime mover 402 is configurable in an
upward displacement drive state and a downward displacement drive state. In some
embodiments, for example, while the prime mover 402 is disposed in the upward displacement
drive state, the displacement force applied to the connector plate 352 has an upward direction,
such that the connector plate 352 is displaced in the upward direction, relative to the inner
carrier 348, in response to application of the displacement force to the connector plate 352. In
some embodiments, for example, while the prime mover 402 is disposed in the downward
displacement drive state, the displacement force applied to the connector plate 352 has a
downward direction, such that the connector plate 352 is displaced in the downward direction,
relative to the inner carrier 348, in response to application of the displacement force to the

connector plate 352.

[00253] In some embodiments, for example, the prime mover 402 is disposed in data
communication with the controller 202, for example, and further disposed in electrical
communication with the battery of the robot 110, for example, via electrical and data cable 390,
for actuation of the prime mover 402 in the upward displacement drive state and the downward

displacement drive state, via control commands from the controller 202.

[00254] In some embodiments, for example, the actuator configuration 400 includes a
transmission configuration 404 to effect the operable communication between the prime mover
402 and the connector plate 352. In some embodiments, for example, the transmission
configuration 404 includes a transmission component 406, for example, a drive belt, a chain, a
cable and the like, and a connector plate connector 408. As depicted in Figure 33, the
transmission component 406 connects the prime mover 402 and the connector plate connector
408, which is connected to the connector plate 352, for example, via mechanical fasteners, such
that the displacement force generated by the prime mover 402 is applied to the connector plate
352 via the transmission component 406 and the connector plate connector 408. In this
respect, the displacement force generated by the prime mover 402 is a connector plate
displacement force. In response to application of the connector plate displacement force from
the prime mover 402 to the connector plate 352, the connector plate 352 is vertically displaced,

relative to the inner carrier 348.
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[00255] In some embodiments, for example, the lift mechanism 340 includes more than
one actuator configuration 400, for example, two actuator configurations 400. In some
embodiments, for example, the two actuator configurations 400 are disposed, relative to the
connector plate 352, such that the connector plate displacement forces applied to the connector
plate 352 by the actuator configurations 400 are balanced about a central longitudinal axis of
the connector plate 352. In some embodiments, for example, the two actuator configurations

400 are disposed in opposing relationship.

[00256] In some embodiments, for example, as depicted in Figure 24 to Figure 29, the lift
mechanism 340 includes guides 394, for example, guide tracks, for guiding: (i) the vertical
displacement of the intermediate carrier 346, relative to the frame 342, (ii) the vertical
displacement of the inner carrier 348, relative to the intermediate carrier 346, and (iii) the

vertical displacement of the connector plate 352, relative to the inner carrier 348.

[00257] In some embodiments, for example, the robot 110 includes an object
transitioning apparatus 420 to effect transitioning of an object between an object supporter and
a robot-defined object supporter 502 of the robot 110. The object transitioning apparatus 420 is
connected to the lift mechanism 340 via the connector plate 352. In some embodiments, for
example, the object transitioning apparatus 420 is configured to transition the object. In some
embodiments, for example, the transitioning of the object includes moving the object, from the
robot 110 to the object supporter, such as a shelf of a rack, a platform, or a pallet disposed in a
site such as a warehouse, to emplace the object on the object supporter, for storage of the
object in the warehouse. In some embodiments, for example, the transitioning includes
retrieving an object from an object supporter by moving the object from the object supporter to
the robot-defined object supporter 502. With the object retrieved, the robot 110 can move the

object to another location of the site and emplace the object at the another location.

[00258] The object transitioning apparatus 420 includes a housing 422. The housing 422
defines the one or more second connection system counterparts 424, wherein each one of the
one or more second connection system counterparts 424, co-operates with a respective first
connection system counterpart 354 of the connector plate 352, to couple the connector plate
352 and the object transitioning apparatus 420. In some embodiments, for example, each one
of the second connection system counterparts 424 of the object transitioning apparatus 420,

independently, defines the recess 426 to receive the connector 358 of the respective first
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connection system counterpart 354 to effect the coupling of the connector plate 352 and the

object transitioning apparatus 420.

[00259] In some embodiments, for example, electrical and data connectors 428 are
connected to the housing 422. The electrical and data connectors 428 are disposed in electrical
and data communication with the electrical and data components (e.g. actuators such as prime
movers and pumps, controllers, sensors, etc.) of the object transitioning apparatus 420. In
some embodiments, for example, the electrical and data components become disposed in
electrical and data communication with the controller 202 and the battery in response to
disposition of the electrical and data connectors 428 in electrical and data communication with
the electrical and data cables 390 and 392. In some embodiments, for example, the cable 392
is disposed in electrical and data communication with the cable 390, and the disposition of the
electrical and data connectors 428 in electrical and data communication with the electrical and
data cables 390 and 392 is effected by connection of the electrical and data cable 392 to the

electrical and data connectors 428.

[00260] In some embodiments, for example, the object transitioning apparatus 420
includes an object manipulator 430. The object manipulator 430 is configured to grasp an
object, such that a grasped object is established, and move the grasped object. In some
embodiments, for example, said lateral movement of the grasped object is in a lateral direction,

relative to the base 302 (e.g. left direction or right direction relative to the base 302).

[00261] The object manipulator 430 is coupled to the housing 422. As described in
greater detail below, the coupling of the object manipulator 430, relative to the housing 422, is
such that the object manipulator 430 is vertically displaceable, relative to the housing 422, and

also longitudinally displaceable, relative to the housing 422.

[00262] In some embodiments, for example, the object manipulator 430 includes an
object emplacement/removal tool 421. In some embodiments, for example, the
emplacement/removal tool 421 includes an extendible arm 432. The extendible arm 432 is
actuatable for extension and retraction in a lateral direction, relative to the base 302. In some
embodiments, for example, the extension and retraction is within a horizontal plane. In some
embodiments, for example, the extension and retraction in the lateral direction is within the
horizontal plane. As described in greater detail below, in some embodiments, for example, the

extendible arm 432 is extendible in a first direction, for example, to the right side of the robot
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110, and also extendible in a second direction that is opposite the first direction, for example,
the left side of the robot 110.

[00263] In some embodiments, for example, the extendible arm 432 is a telescoping arm,
and includes a plurality of arm segments, including a base arm segment 434, at least one
intermediate segment 436, for example, two intermediate arm segments 436A and 436B, and a

terminal arm segment 438.

[00264] In some embodiments, for example, the telescoping arm is configurable in a
retracted configuration, as depicted in Figure 40 to Figure 43, and an extended configuration, as
depicted in Figure 47 to Figure 50, or as depicted in Figure 51 to Figure 54. While the
telescoping arm is disposed in the retracted configuration, the at least one intermediate arm
segment 436 is nested within the terminal arm segment 438, as depicted in Figure 40 to Figure
43. While the telescoping arm is disposed in the extended configuration, at least a portion of
the at least one intermediate arm segment 436 is de-nested from the terminal arm segment 438,
as depicted in Figure 47 to Figure 50, wherein the at least a portion of the at least one
intermediate arm segment 436 is disposed outside of the terminal arm segment 438. In some
embodiments, for example, while the telescoping arm is disposed in the extended configuration:
(i) the intermediate arm segment 436A is disposed laterally, relative to the base arm segment
434, (ii) the intermediate arm segment 436B is disposed laterally, relative to the intermediate
arm segment 436A, and (iii) terminal arm segment 438 is disposed laterally, relative to the

intermediate arm segment 436B.

[00265] In some embodiments, for example, the extendible arm 432 includes guides 439,
for example, guide tracks, for guiding the extension and retraction of the arm segments of the
arm 432.

[00266] As described in greater detail below, the object manipulator 430 includes an
actuator configuration 660, including a prime mover 662, for example, a motor, for example, an
electric motor, and a transmission configuration 664, including a gear box 666, gears 668, a
transmission component 670, such as a drive belt, a chain, a cable, and the like, and a rack 672
for actuation (e.g. extension or retraction) of the extendible arm 432 As depicted in Figure 55,
Figure 56, and Figure 48, the prime mover 662, gear box 666, gears 668, and transmission
component 670 are coupled to the base arm segment 434, and the rack 672 is mounted to the

intermediate arm segment 436A. In some embodiments, for example, the prime mover 662 and
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gear box 664 are disposed in electrical and data communication with the electrical and data
connectors 428, for example, via electrical and data cables 435 and 437. While the cables 390
and 392 are disposed in electrical and data communication with the electrical and data
connectors 428, the prime mover 662 and gear box 664 are disposed in data communication
with the controller 202 and also disposed in electrical communication with the battery of the
robot 110.

[00267] In some embodiments, for example, the object manipulator 430 includes an end
effector 440 that is configured for grasping an object, such that a grasped object is established.
“Grasping” means “taking hold of”. In some embodiments, for example, the grasping of an
object is effective for suspending the object, and maintaining the suspension of the object during
displacement of the object. “Grasping” is not limited to the taking hold of an object by any
specific configuration of tool. It is not necessary that a tool, for grasping an object, be defined
by any specific configuration. For example, it is not necessary that the tool includes a plurality
of fingers which co-operate to take hold of the object. Example tools, that may be useful for
grasping an object, include suction cups, upward facing hooks, and downward facing hooks,
robot hands, grippers, electromagnets, winches, clasps, and the like. The end effector 440 is
coupled to the extendible arm 432 such that the end effector 440 is displaceable, for example,
laterally displaceable, relative to the base 302, in response to extension and retraction of the
extendible arm 432. In some embodiments, for example, the displacement of the end effector
440, relative to the base 302, is in a lateral direction. In some embodiments, for example, the
displacement of the end effector 440, relative to the base 302, is within a horizontal plane. In
some embodiments, for example, the displacement of the end effector 440, relative to the base

302, in the lateral direction, is within the horizontal plane.

[00268] In some embodiments, for example, as described in greater detail herein, the
coupling of the end effector 440 to the extendible arm is such that the end effector 440 is

laterally displaceable, relative to the extendible arm 432

[00269] In some embodiments, for example, as depicted in Figure 57 to Figure 66, the
object emplacement/removal tool 421 includes a driver 450. As depicted, the driver 450 is
coupled to the extendible arm 432, in particular, the terminal arm segment 438. The driver 450
is coupled to the extendible arm 432 such that the driver 450 is displaceable, relative to the
base 302, in response to extension and retraction of the extendible arm 432. In some

embodiments, for example, the displacement of the driver 450, relative to the base 302, is in a
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lateral direction. In some embodiments, for example, the displacement of the driver 450,
relative to the base 302, is within a horizontal plane. In some embodiments, for example, the
displacement of the driver 450, relative to the base 302, in the lateral direction, is within the

horizontal plane.

[00270] In some embodiments, for example, the end effector 440 is coupled to the driver
450. In some embodiments, for example, the coupling of the end effector 440 to the extendible
arm 432 is effected via the coupling of the end effector 440 to the driver 450, which is coupled to
the extendible arm 432.

[00271] The end effector 440 includes a grasping configuration 460 to grasp the object,
such that a grasped object is established. In some embodiments, for example, the end effector
440 includes more than one grasping configuration 460, for example, two grasping
configurations 460. As depicted in Figure 57, a first grasping configuration 460 is coupled to a
first side of the driver 450, for example, a right side of the driver 450, and a second grasping
configuration 460 is coupled to a second side of the driver 450 that is opposite the first side of
the driver 450, for example, a left side of the driver 450. Each one of the first grasping
configuration 460 and the second grasping configuration 460, independently, is configured for
grasping an object, such that a grasped object is established. As described in greater detail
below, by having a grasping configuration 460 on the first side of the driver 450 and also on the
second side of the driver 450, the robot 110 can grasp an object on a first side of the robot 110,
for example, a right side of the robot 110, and also grasp an object on a second side of the

robot 110 that is opposite the first side of the robot 110, for example, a left side of the robot 110.

[00272] In some embodiments, for example, for each one of the grasping configurations
460, independently, the coupling of the grasping configuration 460 to the driver 450 is such that
the grasping configuration 460 is vertically displaceable, relative to the driver 450, as depicted in
Figure 62 to Figure 65. As depicted in Figure 62 and Figure 63, the grasping configuration 460
is disposed in a first vertical position, and as depicted in Figure 64 and Figure 65, the grasping
configuration 460 is disposed in a second vertical position that is below the first vertical position
In some embodiments, for example, for each one of the grasping configurations 460,
independently, the object manipulator 430 includes an actuator configuration 470 to effect the
vertical displacement of the grasping configuration 460. Each one of the actuator configurations
470, independently, includes a prime mover 472, for example, a motor, for example, an electric

motor, and a transmission component 474, for example, a drive belt, a chain, or a cable, to
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operably communicate the prime mover 472 and the grasping configuration 460. Each prime
mover 472, independently, is disposed in data communication with the controller 202 and
electrical communication with the battery. For each motor, 472, independently, in response to a
control command from the controller 202, the grasping configuration 460 is vertically displaced,
relative to the driver 450, with effect that the grasping configuration 460 becomes disposed in a

vertical position, relative to the driver 450, for grasping the object.

[00273] In some embodiments, for example, the driver 450 includes guides 452, for
example, guide tracks, for guiding the vertical displacement of the grasping configurations 460,

relative to the driver 450.

[00274] In some embodiments, for example, for each one of the grasping configurations
460, independently, the coupling of the grasping configuration 460 to the driver 450 is such that
the grasping configuration 460 is longitudinally displaceable, relative to the driver 450, as
depicted in Figure 57 to Figure 60. As depicted in Figure 57 and Figure 58, the grasping
configurations 460 are disposed in a first longitudinal position, and as depicted in Figure 59 and
Figure 60, the grasping configurations 460 are disposed in a second longitudinal position that is
longitudinally rearward of the first vertical position. In some embodiments, for example, for each
one of the grasping configurations 460, independently, the object manipulator 430 includes an
actuator configuration 480 to effect the longitudinal displacement of the grasping configuration
460. Each one of the actuator configurations 480, independently, includes a prime mover 482,
for example, a motor, for example, an electric motor, and a transmission component 484, for
example, a drive belt, a chain, or a cable, to operably communicate the prime mover 482 and
the grasping configuration 460. Each prime mover 482, independently, is disposed in data
communication with the controller 202, and disposed in electrical communication with the
battery. For each prime mover 482, independently, in response to a control command from the
controller 202, the grasping configuration 460 is longitudinally displaced, relative to the driver
450, with effect that the grasping configuration 460 is disposed in a longitudinal position, relative

to the driver 450, for grasping the object.

[00275] In some embodiments, for example, the driver 450 includes guides 454, for
example, guide tracks, for guiding the longitudinal displacement of the grasping configurations
460, relative to the driver 450.
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[00276] In some embodiments, for example, each one of the grasping configurations 460,
independently, includes a suction cup 462. In some embodiments, for example, the object is
grasped by the suction cup 462 by suctioning of a surface portion of the object by the suction
cup 462. As depicted in Figure 57, in some embodiments, for example, for each one of the
grasping configurations 460, independently, the grasping configuration 460 includes two suction

cups 462A and 462B, wherein the suction cup 462A is disposed above the suction cup 462B.

[00277] In some embodiments, for example, each one of the suction cups 462,
independently, is disposed in fluid communication with a pump 464 via a valve block 466. The
pump 464 and valve block 466 are disposed in the driver 450. Each one of the pump 464 and
the valve block 466, independently, are disposed in data communication with the controller 202
and disposed in electrical communication with the battery. The controller 202 is configured to
send control commands to the pump 464 to control the amount of suction at the suction cups
462. The controller 202 is configured to send control commands to the valve block 466 to open
and close one or more valves of the valve block 466 control air flow between the pump 464 and

the one or more suction cups 462.

[00278] In some embodiments, for example, for each suction cup 462 of the grasping
configuration 460, the grasping configuration 460 includes a vacuum sensor. Each vacuum
sensor, independently, is disposed in data communication with the controller 202. In some
embodiments, for example, each vacuum sensor, independently, is disposed in electrical
communication with the battery. Each vacuum sensor, independently, collects data
representative of the suction pressure of a respective suction cup. Based on this data, the
controller 202 determines if the suction cup 462 is suctioning a surface portion of the object, and
therefore, if the object is grasped by the suction cup 462. Based on this data, the controller 202
can further determine if there is an absence of suction of a surface portion of an object by a
suction cup 462, for example, due to a defect on the surface portion of the object, and send a
control command to the pump 464 and the valve block 466 to divert suctioning from said suction

cup 462 to one or more other suction cups 462.

[00279] In some embodiments, for example, as depicted in Figure 66, each one of the
grasping configurations 460 of the end effector 440, independently, is coupled to the driver 450
such that the grasping configuration 460 is pivotable, relative to the driver 450, such that the
grasping configuration 460 is disposable in contact engagement, for example, sealing

engagement, with an angled surface 901 of an object 900, for grasping the object. In some
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embodiment, the coupling of the grasping configuration 460 to the driver 450 includes a hinge to
effect the pivoting of the grasping configuration 460, relative to the driver 450. In some
embodiments, for example, the grasping configuration 460 is pivotable, relative to the driver

450, by at least one degree, for example, five degrees.

[00280] In some embodiments, for example, each one of the suction cups 462 of the
grasping configuration 460 of the end effector 440, independently, is coupled to the driver 450
such that the suction cup 462 is pivotable, relative to the driver 450, such that the suction cup
462 is disposable in contact engagement, for example, sealing engagement, with an angled
surface 901 of an object 900, for grasping the object. In some embodiment, the coupling of the
suction cup 462 to the driver 450 includes a hinge to effect the pivoting of the suction cup 462,
relative to the drive bock 450. In some embodiments, for example, the suction cup 462 is

pivotable, relative to the driver 450, by at least one degree, for example, five degrees.

[00281] In some embodiments, for example, the object manipulator 430 includes optical
sensors 490, for example, stereo cameras, 3D cameras or LIDAR sensors. As depicted in
Figure 57 and Figure 58, a first optical sensor 490 is mounted to a first side, for example, a right
side, of the driver 450, and a second optical sensor 490 is mounted to a second side, for
example, a left side, of the driver 450 that is opposite the first side of the driver 450. Each one
of the optical sensors 490, independently, is configured for collecting data, including data
representative of: (i) a shape of a surface of an object facing the sensor 490, (ii) the distance
between the optical sensor 490 and the object, and (iii) identifying labels (e.g. printed label,

stock-keeping unit (SKU), barcode, Quick Response (QR) code, and/or the like) on the object.

[00282] In some embodiments, for example, based on the data representative of the
shape of the surface of the object facing the sensor 490, the Al engine 224 defines a bounding
box 904 around the object, as depicted in Figure 3, and the controller 202 determines the
dimensions and the center of the object based on dimensions and center of the bounding box
904.

[00283] In some embodiments, for example, based on the data representative of the
shape of an empty space 910 facing the sensor 490, the Al engine 224 defines a bounding box
912 around the empty space 910, as depicted in Figure 4, and the controller 202 determines the

dimensions of the empty space 910 based on the dimensions of the bounding box 912.
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[00284] In some embodiments, for example, it is desirable for the grasping configuration
460 to grasp a central portion of the surface of the object that is facing the grasping

configuration 460.

[00285] Based on the dimensions and center of the bounding box 904, the controller 202
sends a control command to the actuator configuration 470, for example, the prime mover 472,
and/or the actuator configuration 480, for example, the prime mover 482, to vertically and/or
longitudinally displace the grasping configuration 460, relative to the driver 450, such that, in
response to extension of the extendible arm 432 to laterally displace the end effector 440
towards the object, the grasping configuration 480 becomes disposed in contact engagement

with a central portion of the surface of the object that is facing the grasping configuration 460.

[00286] In some embodiments, for example, base on the dimensions of the bounding box
904, the controller 202 determines which of the suction cups 462 of the grasping configuration
460 is expected to become disposed in contact engagement with the surface of the object.
Based on said determination, the controller 202 sends a control command to the valve block
466 such that only the suction cups 462 that are expected to become disposed in contact

engagement with the surface of the object are suctioning.

[00287] In some embodiments, for example, the object manipulator 430 includes
displacement transducers 498, for example, infrared sensors. As depicted in Figure 62 and
Figure 91, afirst displacement transducer 498 is mounted to a first side, for example, a right
side, of the driver 450, and a second displacement transducer 498 is mounted to a second side,
for example, a left side, of the driver 450 that is opposite the first side of the driver 450. In some
embodiments, for example, the first displacement transducer 498 is mounted between the
suction cups 462 of the first grasping configuration 460, and the second displacement
transducer 498 is mounted between the suction cups 462 of the second grasping configuration
460. Each one of the displacement transducer 498, independently, is configured for collecting
data, including data representative of the distance between the displacement transducer 498
and the object. In some embodiments, for example, the object manipulator 430 includes the
displacement transducers 498 such that the controller 202 has object distance data for
processing if the optical sensors 490 are unable to provide object distance data, for example, if

the optical sensor 490 is within a threshold minimum distance of (e.g. is too close t0) the object.
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[00288] In some embodiments, for example, based on the object distance data from the
optical sensors 490 and the displacement transducers 498, the controller 202 is configured to
control the speed of the lateral extension and retraction of the extendible arm 432, relative to the
base 302, and as described in greater detail below, also control the speed of the lateral
extension and retraction of the extendible arm 432. While the extendible arm 432 is being
laterally extended, relative to the base 302, to laterally displace the grasping configuration 460,
for example, the suction cups 462, relative to the base 302, for grasping the object, and while
the suctions cups 462 are disposed outside of a threshold distance, relative to the object (e.g.
the suction cups 462 are far away from the object), it is desirable for the speed of the extension
of the extendible arm 432 to be relatively high, to reduce the overall time for grasping the object.
While the extendible arm 432 is being laterally extended, relative to the base 302, to laterally
displace the suction cups 462, relative to the base 302, for grasping the object, and while the
suctions cups 462 are disposed within the threshold distance, relative to the object (e.g. the
suction cups 462 are close to the object), it is desirable for the speed of the extension of the
extendible arm 432 to be relatively slow, such that there is sufficient time for: (i) the suction cups
462 to establish contact engagement with the surface of the object to be grasped, and (ii) the
pump 464 to pump air out of the suction cups 462, while the suction cups 462 are disposed in
contact engagement with the surface of the object, for the suction cups 462 to suction onto the

surface of the object.

[00289] In such embodiments, for example, in response to determination by the controller
202, based on the object distance data from the optical sensors 490 and the displacement
transducers 498, that: (i) the grasping configuration 460 is disposed outside of a threshold
distance, relative to the object, the controller 202 sends a control command to the actuator
configuration 660, for example, to the prime mover 662 and to the transmission configuration
664, such that the extendible arm 432 extends at a first speed; and (ii) the grasping
configuration 460 is disposed within the threshold distance, relative to the object, the controller
202 sends a control command to the actuator configuration 660, for example, to the prime
mover 662 and to the transmission configuration 664, such that the extendible arm 432 extends

at a second speed, wherein the second speed is less than the first speed.

[00290] In some embodiments, for example, based on the object distance data from the
optical sensors 490 and the displacement transducers 498, the controller 202 is configured to
determine that the suction cups 462 of the grasping configuration 460 are disposed in contact

engagement with the surface of the object. Based on this determination, the controller 202
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sends a control command to the actuator configuration 660, for example, to the prime mover
662 and to the transmission configuration 664, to stop the extension of the extendible arm 432.
While the extension of the extendible arm 432 is stopped, the controller 202 sends a control
command to the pump 464 to pump the air out of the suction cups 462 effect the suctioning of

the object by the suction cups 462, such that the object is grasped by the suction cups 462.

[00291] In some embodiments, for example, as described in greater detail herein, the
driver 450 is laterally displaceable, relative to the extendible arm 432, such that the end effector

440 is laterally displaceable, relative to the extendible arm 432.

[00292] In some embodiments, for example, actuators and sensors of the object
manipulator 430, including the motors 472 and 482, pump 464, valve block 466, optical sensor
490, displacement transducers 498, and vacuum sensors, are disposed in electrical and data
communication with the electrical and data connectors 428,for example, via an electrical and
data cable 499. While the cables 390 and 392 are disposed in electrical and data
communication with the electrical and data connectors 428, the actuators and sensors of the
object manipulator 430 are disposed in data communication with the controller 202 and also

disposed in electrical communication with the battery of the robot 110.

[00293] In some embodiments, for example, the object transitioning apparatus 420
includes a base or base configuration 500 and a robot-defined object supporter 502 or robot-
defined object supporter 502. The base 500 is connected to the housing 422, and the robot-
defined object supporter 502 is coupled to the base 500. The robot-defined object supporter
502 is configured to support an object, such that while the object is supported on the robot-
defined object supporter 502, a supported object is established. In some embodiments, for
example, while the object is supported on the robot-defined object supporter 502, the object is
displaceable, relative to the base 302, for emplacement of the object on the object supporter. In
some embodiments, for example, said displacement of the object includes (i) vertical
displacement that is effectible by the lift mechanism 340, for disposition of the robot-defined
object supporter 502 and the object supporter at the same elevation, and (ii) lateral
displacement that is effectible by the object manipulator 420. In some embodiments, for
example, while the object is supported on the object supporter, and the robot-defined object
supporter 502 and the object supporter are at the same elevation, the object is displaceable, by

the object manipulator 420, for emplacement of the object on the robot-defined object supporter
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502. While the object is supported on the robot-defined object supporter 502, the robot 110 can

move the object to a desired location within the site.

[00294] As described in greater detail below, the coupling of the robot-defined object
supporter 502 to the base 500 is such that the robot-defined object supporter 502 is laterally
displaceable, relative to the base 500. While the object transitioning apparatus 420 is coupled
to the lift mechanism 340, which is coupled to the base 302, the lateral displacement of the

robot-defined object supporter 502 is relative to the base 302.

[00295] In some embodiments, for example, as depicted in Figure 9 to Figure 14, the
base configuration 302 includes an anchor configuration 510 for anchoring the robot 110 to the
reaction surface. The base configuration 302 and the anchor configuration are co-operatively
configured such that, while the base 302 is supported on the reaction surface, the anchor
configuration 510 is emplaceable in an anchoring-effective state, with effect that the robot 110

becomes anchored to the reaction surface.

[00296] In some embodiments, for example, the anchoring is for mitigating tilting of the

robot 110 while the end effector 440 is being displaced relative to the base 302.

[00297] In some embodiments, for example, the tilting of the robot 110, which the
anchoring is mitigating while the end effector 440 is being displaced relative to the base 302, is

being mitigated while the end effector 440 is grasping the object.

[00298] In some embodiments, for example, the displaceability of the end effector 440,
relative to the base, includes displaceability within a horizontal plane, and the anchoring is for
mitigating tilting of the robot 110 while the end effector 440 is being displaced relative to the

base within a horizontal plane.

[00299] In some embodiments, for example, the tilting of the robot 110, which the
anchoring is mitigating while the end effector 440 is being displaced relative to the base within a

horizontal plane, is being mitigated while the end effector 440 is grasping the object.

[00300] In some embodiments, for example, the object manipulator and the base 302 are
co-operatively configured such that, while the base 302 is supported on the reaction surface, the
extendible arm 432 is extendible within a horizontal plane, and the end effector 440 is mounted

to the extendible arm 432, such that the tilting of the robot, which the anchor is mitigating while
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the end effector 440 is being displaced relative to the base within a horizontal plane, is being

mitigated by the anchor while the end effector 440 is being displaced by the extendible arm 432.

[00301] In some embodiments, for example, the displaceability of the end effector 440,
relative to the base 302, includes lateral displaceability relative to the base 302; and the
anchoring is for mitigating tilting of the robot while the end effector 440 is being displaced

laterally relative to the base 302.

[00302] In some embodiments, for example, the tilting of the robot, which the anchoring is
mitigating while the end effector 440 is being displaced laterally relative to the base 302, is

being mitigated while the end effector 440 is grasping the object.

[00303] In some embodiments, for example, the object manipulator 302 and the base 302
are co-operatively configured such that while the base 302 is supported on the reaction surface,
the extendible arm 432 is extendible laterally relative to the base 302, and the end effector 440
is mounted to the extendible arm 432, such that the tilting of the robot, which the anchoring is
mitigating while the end effector 440 is being displaced laterally relative to the base 302, is
being mitigated by the anchor while the end effector 440 is being displaced by the extendible
arm 432.

[00304] In some embodiments, for example, the lateral displaceability of the end effector

440 is within a horizontal plane.

[00305] In some embodiments, for example, the tilting of the robot 110, which the
anchoring is mitigating while the end effector 440 is being displaced laterally relative to the base
302 within a horizontal plane, is being mitigated while the end effector 440 is grasping the

object.

[00306] In some embodiments, for example, the object manipulator 302 and the base 302
are co-operatively configured such that, while the base 302 is supported on the reaction
surface, the extendible arm 432 is extendible laterally, relative to the base 302, within a
horizontal plane, and the end effector 440 is mounted to the extendible arm 432, such that the
tilting of the robot, which the anchor is mitigating while the end effector 440 is being displaced
laterally, relative to the base 302, and within a horizontal plane, is being mitigated by the anchor

while the end effector 440 is being displaced by the extendible arm 432.

50



WO 2022/104464 PCT/CA2021/051632

[00307] In some embodiments, for example, the displaceability of the end effector 440
relative to the base 302 is such that the end effector 440 is displaceable relative to the base 302
between a lower vertical position and a higher vertical position, for example, by the lift
mechanism 340, wherein the higher vertical position is elevated relative to the lower vertical
position, and the anchoring is for mitigating tilting of the robot while the end effector 440 is

disposed in the higher vertical position.

[00308] In some embodiments, for example, the tilting of the robot 110, which the
anchoring is mitigating while the end effector 440 is disposed in the higher vertical position, is

being mitigated while the end effector 440 is grasping the object.

[00309] In some embodiments, for example, the higher vertical position is elevated above

the lower vertical position by a minimum vertical distance of at least 8 feet.

[00310] In some embodiments, for example, the anchoring is for mitigating tilting of the
robot while the end effector 440 is being displaced between the lower vertical position and the

higher vertical position.

[00311] In some embodiments, for example, the tilting of the robot, which the anchoring is
mitigating while the end effector 440 is being displaced between the lower vertical position and

the higher vertical position, is being mitigated while the end effector 440 is grasping the object.

[00312] In some embodiments, for example, the anchoring is such that the anchor

configuration 510 engages the reaction surface in gripping engagement.

[00313] In some embodiments, for example, the anchor configuration 510 is additionally
configured for emplacement in an anchoring-ineffective state, such that the emplacement of the
anchor configuration 510 in the anchor-effective state includes transitioning of the anchor
configuration 510 from the anchoring-ineffective state to the anchoring-effective state, and in the
anchoring-ineffective state, there is an absence of anchoring of the robot 110 to the reaction

surface by the anchor configuration 510.

[00314] In some embodiments, for example, the anchor configuration 510 includes one or
more anchor subconfigurations 512, one or more pneumatic actuators 514, such as one or more
pneumatic pumps, and one or more anchor configuration displacement actuators 516. In some
embodiments, for example, each one of the one or more anchor configuration displacement

actuators 516, independently, includes a prime mover 517, for example, a motor, for example,
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an electric motor. As depicted, the anchor configuration 510 includes two anchor
subconfigurations 512 disposed in a side by side configuration, wherein each one of the anchor
subconfigurations 512, independently, includes two suction cups 518. Each suction cup 518,
independently, is disposed in fluid communication with a pneumatic actuator 514 to effect the
suctioning of the suction cup 518 to the reaction surface. As depicted, the anchor configuration
510 includes two anchor configuration displacement actuators 516, wherein each one of the
anchor configuration displacement actuators 516, independently, is operably coupled to a
respective anchor subconfiguration 512. In some embodiments, for example, each one of the
anchor configuration displacement actuators 516, independently, includes anchor
subconfiguration connectors 520 for connecting to the respective anchor subconfiguration 512.
In some embodiments, for example, for each one of the one or more anchor configuration
displacement actuators 516, the prime mover 517 is operable coupled to respective anchor
subconfiguration connectors 520, and the prime mover 517 is configured to displace (e.g.
extend or retract) the anchor subconfiguration connectors 520, relative to a platform 528. The
anchor subconfiguration connectors 520 are displaceable between an extended configuration,
as depicted in Figure 13, and a retracted configuration, as depicted in Figure 14. While the
anchor subconfigurations 512 are connected to respective anchor subconfiguration connectors
520, each one of the anchor configuration displacement actuators 516, independently, is
configured to displace a respective anchor subconfiguration 512, relative to a platform 528, to
transition the anchor configuration 510 between the anchoring-effective state and the anchoring-

ineffective state.

[00315] In some embodiments, for example, each one of the one or more pneumatic
actuators 514, independently, is disposed in data communication with the controller 202 and

further disposed in electrical communication with the battery.

[00316] In some embodiments, for example, each one of the one or more anchor
configuration displacement actuators 516, independently, is disposed in data communication

with the controller 202 and further disposed in electrical communication with the battery.

[00317] In some embodiments, for example, for each suction cup 518 of the anchor
configuration 510, the anchor configuration 510 includes a vacuum sensor. Each vacuum

sensor, independently, is disposed in data communication with the controller 202. In some
embodiments, for example, each vacuum sensor, independently, is disposed in electrical

communication with the battery. Each vacuum sensor, independently, collects data
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representative of the suction pressure of a respective suction cup 518. Based on this data, the
controller 202 determines if the suction cup 518 is suctioning the reaction surface, and

therefore, if the robot 110 is anchored to the reaction surface.

[00318] As depicted in Figure 12, the anchor configuration 510 is disposed in the
anchoring-effective state. As depicted, the anchor subconfigurations 512 are extended from the
base 302, and the anchor subconfiguration connectors 520 are in an extended position. The
base 302 and the anchor configuration 510 are co-operatively configured such that, while the
base 302 is supported on the reaction surface, and the anchor configuration 510 is emplaced in
the anchoring-effective state, the extension of the suction cups 518 from the base 302 is such
that the suction cups 518 are disposed in contact engagement, for example, sealing

engagement, with the reaction surface.

[00319] In some embodiments, for example, the anchoring is such that the suction cups

518 are suctioning the reaction surface.

[00320] In some embodiments, for example, the minimum anchoring force applied to the
reaction surface by the anchor configuration 510 for mitigating tilting is at least 500 pounds of
force. In some embodiments, for example, the anchoring force applied to the reaction surface by

the anchor configuration 510 for mitigating tilting is 1000 pounds of force.

[00321] In some embodiments, for example, while the robot 110 is anchored to the
reaction surface, the anchoring is defeatable via an anchor-defeating force. In some
embodiments, for example, the anchor-defeating force has a magnitude with a minimum value
of 2000 pounds. In some embodiments, for example, the anchor-defeating force has a direction

that is parallel to the reaction surface.

[00322] As depicted in Figure 11, the anchor configuration 510 is disposed in the
anchoring-ineffective state. As depicted, relative to their disposition in the anchoring-effective
state, the anchor subconfigurations 512 are retracted towards base 302, and the anchor
subconfiguration connectors 520 are in a retracted position. The base 302 and the anchor
configuration 510 are co-operatively configured such that, while the base 302 is supported on
the reaction surface, and the anchor configuration 510 is emplaced in the anchoring-ineffective
state, there is an absence of contact engagement between the suction cups 518 and the
reaction surface, such that there is an absence of anchoring of the robot 110 to the reaction

surface by the anchor configuration 510.
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[00323] To transition the anchor configuration 510 from the anchor ineffective state to the
anchor effective state, to anchor the robot 110 to the reaction surface, while the anchor
configuration 510 is emplaced in the anchor-ineffective state and supported on the reaction
surface, the controller 202 sends a control command to the anchor configuration displacement
actuators 516 to displace the anchor subconfiguration connectors 520 from the retracted
position to the extended position. Due to the connection of the anchor subconfigurations 512 to
the anchor subconfiguration connectors 520, the anchor subconfigurations 512 are displaced
towards the reaction surface, for example, in a downward direction. As the anchor
subconfigurations 512 are displaced towards the reaction surface, the controller 202 sends a
control command to the pneumatic pumps to operate in an air-blow mode to blow air out of the
suction cups 518 to remove solids, debris, dirt, and/or dust on the reaction surface to clean the
reaction surface. The anchor subconfigurations 512 continue to be displaced towards the
reaction surface until the suction cups 518 are disposed in contact engagement, for example,
sealing engagement, with the reaction surface. Upon detection that the suction cups 518 are
disposed in contact engagement with the reaction surface, the controller 202 sends a control
command to the pneumatic pumps to operate in an air-suction mode for the suction cups 518 to
suction onto the reaction surface, to anchor the robot 110 on the reaction surface via the suction
pressure applied by the suction cups to the reaction surface. At this point, the anchor
configuration 510 is emplaced in an anchoring-effective state, with effect that the robot 110

becomes anchored to the reaction surface.

[00324] In some embodiments, for example, the base 302 includes an access panel 522
disposed on a side surface of the base 302. A user can access the anchor configuration 510,

for example, the suction cups 518, for maintenance or replacement, via the access panel 522.

[00325] In some embodiments, for example, while the robot 110 is moving on the
reaction surface, in response to a determination by the controller 202 that an object, such as a
box, bin, rack, person, and the like, is within a threshold distance of the robot 110, such that a
collision with the object is imminent, the controller 202 is configured to send a control command
to the anchor configuration displacement actuators 516 and the pneumatic pumps to emplace
the anchor configuration 510 in the anchoring-effective state, to resist movement of the robot
110 on the reaction surface. In this respect, the anchor configuration 510 can function as an

emergency stop for the robot 110.
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[00326] In some embodiments, for example, each of the anchor subconfigurations 512,
independently, includes one suction cup 518. In such embodiments, for example, the anchor

configuration 510 has four anchor subconfigurations 512 disposed in a grid-like configuration.

[00327] In some embodiments, for example, the displacement of an anchor
subconfiguration 512 is independent of the displacement of the other anchor subconfigurations
512. In such embodiments, for example, the anchor configuration 510 functions as a leveling
mechanism, such that the displacement of the object transitioning apparatus 420, including the

object manipulator 430, is along a vertical axis.

[00328] In some embodiments, for example, the object transitioning apparatus 420 is
displaceable, relative to the base 302, along a travel axis 524, between a lower vertical position,
as depicted in Figure 5, and a higher vertical position, as depicted in Figure 6, for effecting a
change in elevation of the object transitioning apparatus 420, for example, via the lift
mechanism 340. In some embodiments, for example, the base 302 and the object transitioning
apparatus 420 co-operate such that, while the base 302 is supported on the reaction surface,
such that the displaceability of the object transitioning apparatus 420 is along a travel axis 524
that is disposed at an angle relative to the vertical axis, the base 302 and the object transitioning
apparatus 420 are configurable into a modified travel axis-establishing state, with effect that the

travel axis 524 is modified to become a vertical axis.

[00329] In some embodiments, for example, the travel axis 524, that is disposed at an
angle relative to the vertical axis, is disposed at an angle relative to the vertical axis of at least 1

degree.

[00330] In some embodiments, for example, the reaction surface, upon which the base
302 is supported while the displaceability of the object transitioning apparatus 420 is along the
travel axis 524 that is disposed at an angle relative to the vertical axis, is a non-horizontal
surface. In some embodiments, for example, the non-horizontal surface is disposed at an

angle, relative to a horizontal plane, of at least 1 degree.

[00331] In some embodiments, for example, wherein the displacement of an anchor
subconfiguration 512 is independent of the displacement of the other anchor subconfigurations
512, the anchor subconfigurations 512 function as extendible support legs 526. The base 302
further includes a platform 528. In some embodiments, for example, each one of the support

legs 526, independently, is positionable relative to the platform 528, based on extension or
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retraction relative to the platform 528, such that a co-operative positioning of the support legs
526, relative to the platform, is establishable, and the modification to the travel axis 524 is based
on a modification to the co-operative positioning of the support legs 526, relative to the platform
528. In some embodiments, for example, the configurability, of the base 302 and the object
transitioning apparatus 420, into a modified travel axis-establishing state, is based on the

modifiability of the co-operative positioning of the support legs 526.

[00332] In some embodiments, for example, while the travel axis 524 is non-vertical, the
base 302 and the object transitioning apparatus 420 are co-operatively configured in a pre-
modification state, and that transitioning of the base 302 and the object transitioning apparatus
420 from the pre-modification state to the modified travel axis-establishing state includes a
modification to the co-operative positioning of the support legs 526. In some embodiments, for
example, in the pre-modification state, the support legs 526 are co-operatively positioned such
that a pre-modification support leg configuration is established, and the modification to the co-
operative positioning of the support legs 526 is with effect that a modified support leg

configuration is established.

[00333] In some embodiments, for example, the modification to the co-operative
positioning of the support legs 526, to effect the transitioning of the base 302 and the object
transitioning apparatus 420, from the pre-modification state to the modified travel axis-
establishing state includes displacement of some of the support legs 526, relative to the other
support legs 526. In some embodiments, for example, the modification to the co-operative
positioning of the support legs 526, to effect the transitioning of the base 302 and the object
transitioning apparatus 420, from the pre-modification state to the modified travel axis-
establishing state includes displacement of one of the support legs 526, relative to the other

support legs 526.

[00334] In some embodiments, for example, the robot 110 includes a level sensor 530,
for example, a three-axis accelerometer or inclinometer, that is disposed in data communication
with the controller 202. In some embodiments, for example, the level sensor 530 is mounted to
the base 302. The level sensor configured to collect data representative of the inclination of the
base 302 relative to a horizontal plane. The controller 202 is configured to process the data
from the level sensor 530 to determine the inclination of the base 302 relative to the horizontal
plane. Based on the determination of the inclination of the base 302 relative to the horizontal

plane, the controller 202 is configured to modify the co-operative positioning of the support legs

56



WO 2022/104464 PCT/CA2021/051632

526 relative to the platform 528. To modify the co-operative positioning of the support legs 526
relative to the platform 528, the controller 202 determines which of the anchor subconfigurations
512 to displace, relative to the other anchor subconfigurations 512, and also determines the
amount of displacement of said anchor configurations 512, based on the determination of the
inclination of the base 302 relative to the horizontal plane. In some embodiments, for example,
said displacement of the anchor subconfigurations 512, relative to the other anchor
subconfigurations 512, includes extension or retraction of the anchor subconfigurations 512,
relative to the other anchor subconfigurations 512. The controller 202 sends a control
command to the anchor configuration displacement actuators 516 that are coupled to said
anchor subconfigurations 512 to be displaced, to effect the displacement of said anchor
configurations 512 by the determined amount. As said anchor configurations 512 displace,
relative to the other subconfigurations 512, the base 302 is displaced, relative to the reaction
surface, such that the travel axis 524 becomes modified to be a vertical axis. After the anchor
configurations 512 have displaced, relative to the other anchor configurations 512, to displace
the base 302, relative to the reaction surface, the controller 202 can process additional data
from the level sensor 530 to determine the inclination of the base 302 relative to the horizontal
plane, to check if additional modification to the co-operative positioning of the support legs 526

is needed.

[00335] In some embodiments, for example, wherein the anchoring configuration 510
includes two anchor subconfigurations 512, a first anchor subconfiguration 512 is disposed on a
first side of a longitudinal axis extending through the a point of the base 302, for example, the
center of the base, and a second anchor subconfiguration 512 is disposed on a second side of
the longitudinal axis extending through the point of the base 302. In such embodiments, for
example, the traveling axis 524 is modifiable about said longitudinal axis extending through the

center of the base 302 (e.g. pivoting about said longitudinal axis).

[00336] In some embodiments, for example, wherein the anchoring configuration 510
includes four anchor subconfigurations 512, a longitudinal axis extends through a point of the
base, for example, the center of the base 302, and a lateral axis extends through the point of
the base 302, such that said longitudinal axis and lateral axis define four quadrants, and each
one of the four anchor subconfigurations 512 are disposed in a respective quadrant. In such
embodiments, for example, the traveling axis 524 is modifiable about: (i) the longitudinal axis

extending through the center of the base 302 (e.g. pivoting about said longitudinal axis), (ii) the
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lateral axis extending through the center of the base 302 (e.g. pivoting about said lateral axis),

or (iii) both said longitudinal axis and lateral axis.

[00337] In some embodiments, for example, each one of the anchor subconfigurations
512 of the anchor configuration 510, independently, is coupled to the base 302 such that the
anchor subconfiguration 512 is pivotable, relative to the base 302, such that the anchor
subconfiguration 512 is disposable in contact engagement, for example, sealing engagement,
with the non-horizontal reaction surface, for anchoring to the reaction surface. In some
embodiment, the coupling of the anchor subconfiguration 512 to the base 302 includes a hinge

to effect the pivoting of the anchor subconfiguration 512, relative to the base 302.

[00338] In some embodiments, for example, each one of the suction cups 518 of the
anchor configuration 510, independently, is coupled to the base 302 such that the suction cup
518 is pivotable, relative to the base 302, such that the suction cup 518 is disposable in contact
engagement, for example, sealing engagement, with the non-horizontal reaction surface, for
anchoring to the reaction surface. In some embodiment, the coupling of the suction cup 462 to
the base 302 includes a hinge to effect the pivoting of the suction cup 462, relative to the base
302.

[00339] In some embodiments, for example, while the object manipulator 430 is moving
the grasped object across the object supporter, for example, pushing the object from the robot-
defined object supporter 502 towards the object supporter, or pulling the object from the object
supporter towards the robot-defined object supporter 502, friction is applied to the object, and a
reaction force is applied to the object manipulator 430. Due to the connection of the object
manipulator 430 to the lift mechanism 340, the reaction force is transmitted from the object

manipulator 430 to the frame 342, with effect that a torque is applied to the frame 342.

[00340] In some embodiments, for example, the frame 342 is configured to resist the

torque applied to the frame 342, for example, by increasing the rigidity of the frame 342.

[00341] In some embodiments, for example, as depicted in Figure 25, Figure 26, and
Figure 29, the frame 342 comprises a first frame section 540, a second frame section 542, and
an intermediate frame section 544 disposed between the first frame section 540 and the second
frame section 542. The first frame section 540 and the second frame section 542 are disposed

in opposing relationship. The first frame section 540, the second frame section 542, and the
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intermediate frame section 544 are co-operatively configured such that a torque-receiving frame
portion 546 is defined.

[00342] In some embodiments, for example, the width of the frame 342, measured along
a lateral axis, has a minimum value of at least 14 inches. In some embodiments, for example,
the depth of the frame 342, measured along a longitudinal axis, has a minimum value of at least

8 inches.

[00343] In some embodiments, for example, the width of the intermediate carrier 346,
measured along a lateral axis, has a minimum value of at least 10 inches. In some
embodiments, for example, the depth of the intermediate carrier 346, measured along a

longitudinal axis, has a minimum value of at least 8 inches.

[00344] In some embodiments, for example, the width of the inner carrier 348, measured
along a lateral axis, has a minimum value of at least 6 inches. In some embodiments, for
example, the depth of the inner carrier 348, measured along a longitudinal axis, has a minimum

value of at least 8 inches.

[00345] In some embodiments, for example, the coupling of the object manipulator 430 to
the frame 342 is such that, while the object manipulator 430 is moving the grasped object, a
force, for example, the reaction force due to friction applied to the grasped object by the object
supporter, is transmitted from the object manipulator 430 to the frame 342, with effect that a
torque is applied to the torque-receiving frame portion 546. In some embodiments, for example,
the torque-receiving frame portion 546 is configured to resist the torque applied to the frame
342.

[00346] In some embodiments, for example, the torque-receiving frame portion 546 has a
C-shaped cross-section taken along a vertical axis. The C-shaped cross-section of the torque-
receiving frame portion 546 increases the rigidity of the torque-receiving frame portion 546 for

resisting the torque applied to the torque-receiving frame portion 546.

[00347] In some embodiments, for example, to further increase the rigidity of the frame
342, the first frame section 540 and the intermediate frame section 544 are connected together
with a double lap joint, and reinforced with gusseting. The second frame section 542 and the
intermediate frame section 544 are also connected together with a double lap joint, and

reinforced with gusseting. The first frame section 540, second frame section 542, and
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intermediate frame section 544 also include flanges that join to a top end cap 547 and base end
cap 548.

[00348] In some embodiments, for example, due to the resistance of the torque applied to
the frame 342 by the torque-receiving frame portion 546, the lift mechanism 340 can vertically
displace the object manipulator 430 to relatively high elevations. In some embodiments, for
example, the lift mechanism 340 can elevate the object manipulator 430 to at least 10 feet, for

example, 16 feet, for example, 30 feet.

[00349] In some embodiments, for example, the frame 342 is configured to be sufficiently
large, in particular, have a large cross-section taken along the vertical axis. In some
embodiments, for example, by increasing the size of the cross-section of the frame 342 taken
along the vertical axis, the moment of inertia taken along the vertical axis is increased, which
increases the rigidity of the frame 342 to resist against torque applied to the frame 342, for
example, from reaction force due to friction applied to a grasped object being moved by the
object manipulator 430. In some embodiments, for example, at least a portion of the mass of
the frame 342 is disposed at least 6 inches, for example, 8 inches, for example, 8.5 inches, from
the central longitudinal axis of the frame 342, wherein the central longitudinal axis of the frame
342 extends in the vertical direction. In some embodiments, for example, all of the mass of the
frame 342 is disposed at least 6 inches, for example, 8 inches, for example, 8.5 inches, from the
central longitudinal axis of the frame 342, wherein the central longitudinal axis of the frame 342

extends in the vertical direction.

[00350] In some embodiments, for example, as depicted in Figure 25, Figure 27, and
Figure 29, similar to the frame 342, the intermediate carrier 346 comprises a first intermediate
carrier section 550, a second intermediate carrier section 552, and an intermediate section 554
disposed between the first intermediate carrier section 550 and the second intermediate carrier
section 552. The first intermediate carrier section 550 and the second intermediate carrier
section 552 are disposed in opposing relationship. The first intermediate carrier section 550,
the second intermediate carrier section 552, and the intermediate section 554 are co-operatively
configured such that a torque-receiving intermediate carrier portion 556 is defined, wherein the
torque-receiving intermediate carrier portion 556 is configured to resist torque applied to the
intermediate carrier 346, for example, from the reaction force applied to the object manipulator

430 due to friction applied to the grasped object during movement of the grasped object by the

60



WO 2022/104464 PCT/CA2021/051632

object manipulator 430. In some embodiments, for example, the torque-receiving intermediate

carrier portion 556 has a C-shaped cross-section taken along a vertical axis.

[00351] In some embodiments, for example, to further increase the rigidity of the
intermediate carrier 346, the first intermediate carrier section 550 and the intermediate section
554 are connected together with a double lap joint, and reinforced with gusseting. The second
intermediate carrier section 552 and the intermediate section 554 are also connected together
with a double lap joint, and reinforced with gusseting. The first intermediate carrier section 550,
second intermediate carrier section 552, and intermediate section 554 also include flanges that

join to a top end cap 557 and base end cap 558.

[00352] In some embodiments, for example, as depicted in Figure 25, Figure 27, and
Figure 28, similar to the frame 342, the inner carrier 348 comprises a first inner carrier section
560, a second inner carrier section 562, and an intermediate section 564 disposed between the
first inner carrier section 560 and the second inner carrier section 562. The first inner carrier
section 560 and the second inner carrier section 562 are disposed in opposing relationship.
The first inner carrier section 560, the second inner carrier section 562, and the intermediate
section 564 are co-operatively configured such that a torque-receiving inner carrier portion 566
is defined, wherein the torque-receiving inner carrier portion 566 is configured to resist torque
applied to the inner carrier 348, for example, from the reaction force applied to the object
manipulator 430 due to friction applied to the grasped object during movement of the grasped
object by the object manipulator 430. In some embodiments, for example, the torque-receiving

inner carrier portion 566 has a C-shaped cross-section taken along a vertical axis.

[00353] In some embodiments, for example, to further increase the rigidity of the inner
carrier 348, the first inner carrier section 560 and the intermediate section 564 are connected
together with a double lap joint, and reinforced with gusseting. The second inner carrier section
562 and the intermediate section 564 are also connected together with a double lap joint, and
reinforced with gusseting. The first inner carrier section 560, second inner carrier section 562,
and intermediate section 564 also include flanges that join to a top end cap 567 and base end
cap 568.

[00354] In some embodiments, for example, as depicted in Figure 25, Figure 27, and
Figure 28, similar to the frame 342, the connector plate 352 comprises a first connector plate

section 570, a second connector plate section 572, and an intermediate section 574 disposed
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between the first connector plate section 570 and the second connector plate section 572. The
first connector plate section 570 and the second connector plate section 572 are disposed in
opposing relationship. The first connector plate section 570, the second connector plate section
572, and the intermediate section 574 are co-operatively configured such that a torque-receiving
in connector plate portion 576 is defined, wherein the torque-receiving connector plate portion
576 is configured to resist torque applied to the connector plate 352, for example, from the
reaction force applied to the object manipulator 430 due to friction applied to the grasped object
during movement of the grasped object by the object manipulator 430. In some embodiments,
for example, the torque-receiving connector plate portion 576 has a C-shaped cross-section

taken along a vertical axis.

[00355] In some embodiments, for example, it is desirable to reduce the rating of the
prime mover 362 of the actuator configuration 360 to reduce energy consumption and be able to
vertically displace the intermediate carrier 346 and inner carrier 348, relative to the frame 340

and the base 302, at higher speeds.

[00356] In this respect, in some embodiments, for example, the lift mechanism 340
includes a counterweight configuration. The counterweight configuration is coupled to the
object manipulator 430, with effect that an opposing counterweight-based force is applied by the
counterweight configuration to the object manipulator 430 such that the weight of the object
manipulator 430 is opposed by the counterweight configuration, and such that the counterweight
configuration 430 is effective for assisting the prime mover with the urging of the vertical

displacement of the object manipulator 430 relative to the base 302.

[00357] In some embodiments, for example, the lift mechanism 340 includes a
counterweight configuration 480. The counterweight configuration 580 is operably coupled to
the intermediate carrier 346, such that an opposing force is applied by the counterweight
configuration 580 to the intermediate carrier 346 to oppose the weight of the intermediate carrier
346 and the weight of components that are coupled to the intermediate carrier 346, for example,
inner carrier 348, the object transitioning apparatus 420, and an object supported on the robot-

defined object supporter 502 of the object transitioning apparatus 420.

[00358] In some embodiments, for example, the frame 342, intermediate carrier 346, the
inner carrier 348, the object transitioning apparatus 420, the counterweight configuration 580,

and the actuator configuration 360 are co-operatively configured such that, while: (i) the
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intermediate carrier 346 is coupled to the frame 342, such that the intermediate carrier 346 is
vertically displaceable, relative to the frame 342, (ii) the inner carrier 348 is coupled to the
intermediate carrier 346, such that the inner carrier 348 is vertically displaceable with the
intermediate carrier 346 (and, as described in greater detail below, also vertically displaceable
relative to the intermediate carrier 346), (iii) the object transitioning apparatus 420 is coupled to
the inner carrier 348, (iv) the actuator configuration 360 is operably coupled to the intermediate
carrier 346, such that a displacement force is applicable to the intermediate carrier 346 by the
actuator configuration 360 (v) the counterweight configuration 580 is operably coupled to the
intermediate carrier 346, such that the opposing force is applied by the counterweight
configuration 580 to the intermediate carrier 346 to oppose the weight of the intermediate carrier
3486, the inner carrier 348,and the transitioning apparatus 420, in response to application of the
displacement force to the intermediate carrier 346 by the actuator configuration 360, the
intermediate carrier 346 is vertically displaced, relative to the frame 342, and the inner carrier
348 is vertically displaced, relative to the intermediate carrier 346, with effect that the object
transitioning apparatus 420 is vertically displaced, relative to the frame 342. In some
embodiments, for example, the counterweight configuration 580 and the actuator configuration

360 co-operate to vertically displace the intermediate carrier 346, relative to the frame 342.

[00359] Without the counterweight configuration 580 applying the opposing
counterweight-based force to the intermediate carrier 346, the actuator configuration 360 would
have to apply more displacement force to the intermediate carrier 346 to vertically displace the
intermediate carrier 346, relative to the frame 342. With the counterweight configuration 580
applying the opposing counterweight-based force to the intermediate carrier 346, the actuator
configuration 360 can apply a displacement force of lesser value to vertically displace the
intermediate carrier 346, relative to the frame 342. In this respect, the counterweight
configuration 580 assists the actuator configuration 360 with the urging of the vertical
displacement of the intermediate carrier 346, inner carrier 348, and object transitioning

apparatus 420, relative to the frame 342,

[00360] In some embodiments, for example, while the frame 342 is coupled to the base
302, said vertical displacement of the intermediate carrier 346 and the inner carrier 348, relative
to the frame 342, is also relative to the base 302, and said vertical displacement of the object

transitioning apparatus 420, relative to the frame 342, is also relative to the base 302.
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[00361] In some embodiments, for example, due to the application of the opposing force
to the intermediate carrier 346 by the counterweight configuration 580, the displacement force
applied to the intermediate carrier 346 by the actuator configuration 360 is less than the weight
of the intermediate carrier 346, the inner carrier 348, and the object transitioning apparatus 420.
In some embodiments, for example, the displacement force applied to the intermediate carrier
346 by the actuator configuration 360 is greater than the difference between the sum of the
weight of the intermediate carrier 346, inner carrier 348, and the object transitioning apparatus
420, and the opposing force applied to the intermediate carrier 346 by the counterweight

configuration 580.

[00362] In some embodiments, for example, the opposing force applied by the
counterweight configuration 580 to the intermediate carrier 346 has a minimum value of 4000
pounds of force. In such embodiments, for example, the displacement force applied to the
intermediate carrier 346 by the prime mover 362 of the actuator configuration 360 is in the order
of magnitude of hundreds of pounds of force. In some embodiments, for example, the
displacement force applied to the intermediate carrier 346 by the prime mover 362 of the

actuator configuration 360 has a maximum value of 100 pounds.

[00363] In some embodiments, for example, the counterweight configuration 580 includes
one or more pneumatic counterweight 582, for example, two pneumatic counterweights 582,

and a transmission configuration 590.

[00364] As depicted in Figure 22 and Figure 23, the counterweight configuration 580
includes two pneumatic counterweights 582 disposed in side by side relationship. Each one of
the pneumatic counterweights 582, independently, includes a pneumatic gas cylinder 584 and a
rod 586, wherein the rod 586 is extendible and retractable relative to the gas cylinder 584. For
each one of the pneumatic gas cylinders 584, the pneumatic gas cylinder contains compressed
gas, for example, nitrogen gas. In some embodiments, for example, the compressed gas has a
pressure of 2000 pounds per square inch. For each one of the pneumatic counterweights 582,
independently, the compressed gas in the cylinder 584 is disposed in fluid communication with
the rod 586, such that the compressed gas applies a force to the rod 586, the force having a
direction parallel to the longitudinal axis of the rod 586. The forces applied to the rods 586 from
the compressed gas in the cylinders 584 are transferred to the intermediate carrier 346 as the
opposing force for opposing the weight of the intermediate carrier 346 and components that are

coupled to the intermediate carrier 346, such as the inner carrier 348, the object transitioning
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apparatus 420, and objects supported on the robot-defined object supporter 502 of the object

transitioning apparatus 420.

[00365] In some embodiments, for example, the cylinders 584 are disposed in fluid

communication, such that the pressure of the gas in the cylinders 584 are balanced.

[00366] The pneumatic counterweights are operably coupled with the intermediate carrier
346 via the transmission configuration 590, to transfer the forces applied to the rods 586 from
the compressed gas in the cylinders 584 to the intermediate carrier 346. The transmission
configuration 590 includes a transmission component 592, for example, a drive belt, a chain, a
cable, and the like, pulleys 594 and 596, pulleys 598 mounted to the frame 342, and an

intermediate carrier connector 600, for example, a plate.

[00367] As depicted in Figure 22 to Figure 23, the transmission component 592 is looped
around the pulleys 594 and 596 in a block and tackle configuration, wherein the pulleys 594 are
mounted to the cylinders 584 such the pulleys 594 are not vertically displaceable relative to the
cylinders 584 or relative to the frame 342, and the pulleys 596 coupled to the pulleys 594 and
the frame 342 such that the pulleys 596 are vertically displaceable relative to the pulleys 594
and also relative to the frame 342. As depicted in Figure 22 and Figure 23, from the block and
tackle configuration, the transmission component 592 is further looped around the pulleys 598,
and the ends of the transmission component 592 are connected to the intermediate carrier
connector 600. The intermediate carrier connector 600 is connectible to the intermediate carrier
346, via mechanical fasteners, such as nuts and bolts, screws, and the like. As depicted in
Figure 21, the intermediate carrier connector 600 is disposed in the cavity 350 defined by the
frame 324.

[00368] In some embodiments, for example, the transmission component 592 is looped
around the pulleys 594 and 596 in the block and tackle configuration in a four to one ratio,
meaning that, while the pulleys 596 are vertically displaced, relative to the pulleys 594, by a
certain distance, the intermediate carrier connector 600 is vertically displaced by four times that
distance. In some embodiments, for example, the block and tackle configuration allows the
counterweight configuration 580 to be disposed within the frame 342, for example, even while
the rods 586 are fully extended from the cylinders 584 while the lift mechanism 340 is disposed

in a fully extended configuration.
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[00369] Each one of the rods 586 of the pneumatic counterweights 582, independently, is
coupled to a respective block that is coupled to a respective pulley 596, to transfer the force
applied from the compressed gas in the cylinder 584 to the transmission component 592. Due
to the application of the forces from the compressed gas in the cylinders 584 to the transmission
component 592 via the rods, the transmission component 592 becomes disposed in tension.
Due to the connection of the transmission component 592 to the intermediate carrier connector
600, the tension in the transmission component 592 is transferred to the intermediate carrier
connector 600 as the opposing force. While the intermediate carrier 346 is connected to the
intermediate carrier connector 600, the tension in the transmission component 592 is
transferred to the intermediate carrier 346, and components coupled to the intermediate carrier
3486, such as the inner carrier 348 and the object transitioning apparatus 420, as the opposing

counterweight-based force.

[00370] As depicted in Figure 22, while the intermediate carrier connector 600 is
connected to the intermediate carrier 346, and while the lift mechanism 340 is disposed in
retracted configuration: (i) the rods 586 are disposed in the cylinder 584, (ii) the pulleys 594 and
596 are disposed in a retracted configuration, wherein the pulleys 594 and 596 are disposed
proximate to each other, and (iii) the intermediate carrier connector 600 is disposed at a bottom
end of the frame 342.

[00371] As depicted in Figure 23, while the intermediate carrier connector 600 is
connected to the intermediate carrier 346, and while the lift mechanism 340 is disposed in
extended configuration: (i) the rods 586 are extended outside of the cylinder 584, (ii) the pulleys
594 and 596 are disposed in an extended configuration, wherein, relative to its disposition in the
retracted configuration, the pulleys 596 are disposed further above the pulleys 594, and (iii) the

intermediate carrier connector 600 is disposed at a top end of the frame 342

[00372] In some embodiments, for example, the pressure of the gas in the pneumatic gas
cylinders 584 varies during vertical displacement of the intermediate carrier 346 and the inner
carrier 348, relative to the base 302, such that the opposing force applied by the counterweight
configuration 580 to the intermediate carrier 346 varies during vertical displacement of the
intermediate carrier 346 and the inner carrier 346, relative to the base 302. While the lift
mechanism 340 is disposed in the retracted configuration, the rods 586 are retracted into the
cylinders 584, as depicted in Figure 22, such that the volume of the cylinders 584 is at its

lowest, and the pressure of the gas is at its highest. While the lift mechanism 340 is disposed in
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a fully extended configuration, wherein the intermediate carrier 346 and inner carrier 348 are
positioned at a maximum vertical position, relative to the frame 342, as depicted in Figure 17
and Figure 23, the rods 586 are extended out of the cylinders 584, as depicted in Figure 23,
such that the volume of the cylinders 584 is at its highest, and the pressure of the gas is at its
lowest. The volume of the cylinders 584 increases, and the pressure in the cylinders 584
decreases, as the lift mechanism 340 transitions from the retracted configuration to the fully

extended configuration.

[00373] In some embodiments, for example, the opposing force is equal in magnitude to
the weight of the intermediate carrier 346, the inner carrier 348, and the object transitioning
apparatus 420, for example, while the lift mechanism 340 is disposed in a half-extended
configuration, wherein the intermediate carrier 346 and inner carrier 348 are positioned at a
vertical position that is half the maximum vertical position. In some embodiments, for example,
while the opposing force is equal in magnitude to the weight of the intermediate carrier 346, the
inner carrier 348, and the object transitioning apparatus 420, the actuator configuration 360 can
vertically displace the intermediate carrier 346, the inner carrier 348, and the object transitioning
apparatus 420 with a displacement force of relatively small magnitude, for example, one pound

of force.

[00374] While the lift mechanism 340 is disposed in the retracted configuration, the force
applied by the actuator configuration 360 to the intermediate carrier 346 is to oppose at least a
portion of the opposing force, for retaining the disposition of the lift mechanism 340 in the
retracted configuration. While the lift mechanism 340 is disposed in the fully extended
configuration, the force applied by the actuator configuration 360 to the intermediate carrier 346
is to oppose at least a portion of the weight of the intermediate carrier 346, the inner carrier 348,
and the object transitioning apparatus 420 to retain the disposition of the lift mechanism 340 in

the fully extended configuration.

[00375] In some embodiments, for example, the counterweight configuration 580 is
disposed in the frame 342, such that the pneumatic counterweights 582, the pulleys 594, 596,
the transmission component 592, and the pulleys 598 are accessible via a back access panel
602 for ease of access, for example, for maintenance or replacement. In some embodiments,
for example, the frame 342 defines an inner side and an outer side, wherein the intermediate

carrier 600 is disposed on the inner side; and the counterweight configuration 580 is mounted to
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the frame 342 such that the counterweight configuration is accessible from the outer side of the
frame 342.

[00376] In some embodiments, for example, instead of pneumatic counterweights 582,

the counterweight configuration 580 includes coil springs.

[00377] In some embodiments, for example, similar to the prime mover 362, it is
desirable to reduce the rating of the prime mover 402 of the actuator configuration 400 to
reduce energy consumption and be able to vertically displace the connector plate 352, relative

to the inner carrier 348, at higher speeds.

[00378] In this respect, in some embodiments, for example, the lift mechanism 340
includes a counterweight configuration 620. The counterweight configuration 620 is operably
coupled to the connector plate 352, such that an opposing force is applied by the counterweight
configuration 620 to the connector plate 352 to oppose the weight of the connector plate 352
and the weight of components that are coupled to the connector plate 352, for example, the
object transitioning apparatus 420, and an object supported on the robot-defined object

supporter 502 of the object transitioning apparatus 420.

[00379] In some embodiments, for example, the inner carrier 348, the connector plate
352, the object transitioning apparatus 420, the counterweight configuration 620, and the
actuator configuration 400 are co-operatively configured such that, while: (i) the connector plate
352 is coupled to the inner carrier 348, such that the connector plate 352 is vertically
displaceable, relative to the inner carrier 348, (ii) the object transitioning apparatus 420 is
coupled to the connector plate 352, (iii) the actuator configuration 400 is operably coupled to the
connector plate 352, such that a displacement force is applicable to the connector plate 352 by
the actuator configuration 400, (iv) the counterweight configuration 620 is operably coupled to
the connector plate 352, such that the opposing force is applied by the counterweight
configuration 620 to the connector plate 352 to oppose the weight of the connector plate 352
and the object transitioning apparatus 420, in response to application of the displacement force
to the connector plate 352 by the actuator configuration 400, the connector plate 352 is
vertically displaced, relative to the inner carrier 348, with effect that the object transitioning
apparatus 420 is vertically displaced, relative to the inner carrier 348. In some embodiments,
for example, the counterweight configuration 620 and the actuator configuration 400 co-operate

to vertically displace the connector plate 352, relative to the inner carrier 348.
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[00380] Without the counterweight configuration 620 applying the opposing
counterweight-based force to the connector plate 352, the actuator configuration 400 would
have to apply more displacement force to the connector plate 352 to vertically displace the
connector plate 352, relative to the inner carrier 348. With the counterweight configuration 620
applying the opposing counterweight-based force to the connector plate 352, the actuator
configuration 400 can apply a displacement force of lesser value to vertically displace the
connector plate 352, relative to the inner carrier 348. In this respect, the counterweight
configuration 620 assists the actuator configuration 400 with the urging of the vertical
displacement of the connector plate 352 and object transitioning apparatus 420, relative to the

inner carrier 348,

[00381] In some embodiments, for example, while the inner carrier 348 is coupled to the
base 302, for example, via coupling to the intermediate carrier 346, which is coupled to the
frame 342 that is coupled to the base 302, said vertical displacement of the connector plate 352,
relative to the inner carrier 348, is also relative to the base 302, and said vertical displacement
of the object transitioning apparatus 420, relative to the inner carrier 348, is also relative to the
base 302.

[00382] In some embodiments, for example, due to the application of the opposing force
to the connector plate 352 by the counterweight configuration 620, the displacement force
applied to the connector plate 352 by the actuator configuration 400 is less than the weight of
the connector plate 352 and the object transitioning apparatus 420. In some embodiments, for
example, the displacement force applied to the connector plate 352 by the actuator
configuration 400 is greater than the difference between the sum of the weight of the connector
plate 352 and the object transitioning apparatus 420 and the opposing force applied to the

connector plate 352 by the counterweight configuration 620.

[00383] In some embodiments, for example, the opposing force applied by the
counterweight configuration 620 to the connector plate 352 has a minimum value of 750
pounds. In such embodiments, for example, the displacement force applied to the connector
plate 352 by the prime mover 402 of the actuator configuration 400 is in the order of magnitude
of tens of pounds of force. In some embodiments, for example, the displacement force applied
to the connector plate 352 by the prime mover 402 of the actuator configuration 400 has a

maximum value of 75 pounds.
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[00384] In some embodiments, for example, the counterweight configuration 620 includes

a pneumatic counterweight 622, and a transmission configuration 630.

[00385] In some embodiments, for example, the pneumatic counterweight 622 includes a
pneumatic gas cylinder 624 and a rod 626, wherein the rod 626 is extendible and retractable
relative to the gas cylinder 624. The pneumatic gas cylinder 624 contains compressed gas, for
example, nitrogen gas. In some embodiments, for example, the compressed gas has a
pressure of 600 pounds per square inch. The compressed gas in the cylinder 624 is disposed in
fluid communication with the rod 626, such that the compressed gas applies a force to the rod
626, the force having a direction that is parallel to the longitudinal axis of the rod 626. The force
applied to the rod 626 from the compressed gas in the cylinder 624 is transferred to the
connector plate 352 as the opposing force for opposing the weight of the connector plate 352
and components that are coupled to the connector plate 352, such as the object transitioning
apparatus 420 and objects supported on the robot-defined object supporter 502 of the object

transitioning apparatus 420.

[00386] In some embodiments, for example, by using compressed gas to apply force to
the rod 626, rather than, for example, springs, the force applied to the rod 626 is generally

constant.

[00387] The pneumatic counterweight 622 is operably coupled with the connector plate
352, via the transmission configuration 630, to transfer the forces applied to the rod 626 from
the compressed gas in the cylinder 624 to the connector plate 352. The transmission
configuration 630 includes a transmission component 632, for example, a drive belt, a chain, a
cable, and the like, a pulley 634 coupled to the inner carrier 348 such that the pulley 634 is
vertically displaceable relative to the inner carrier 348, a pulley 636 mounted to the inner carrier
348, for example, at an upper end of the inner carrier 348, such that the pulley 636 is not
vertically displaceable relative to the inner carrier 348, and a connector plate connector 638, for

example, a plate.

[00388] As depicted in Figure 36 to Figure 39, the transmission component 632 is
connected, at one end 640, to the inner carrier 348, looped around the pulleys 634 and 636 in a
block and tackle configuration, and connected, at a second end 642, to the connector plate
connector 638. The connector plate connector 638 is connectible to the connector plate 352 via

mechanical fasteners, such as nuts and bolts, screws, and the like.
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[00389] In some embodiments, for example, the transmission component 632 is looped
around the pulleys 634 and 636 in the block and tackle configuration in a two to one ratio,
meaning that, while the pulley 634 is vertically displaced, relative to the pulley 636, by a certain

distance, the connector plate connector 638 is vertically displaced by two times that distance.

[00390] The rod 626 is coupled to a block that is coupled to the pulley 634, to transfer the
force applied from the compressed gas in the cylinder 624 to the transmission component 632.
Due to the application of the force from the compressed gas in the cylinders 624 to the
transmission component 632 via the rod 626, the transmission component 632 becomes
disposed in tension. Due to the connection of the transmission component 632 to the connector
plate connector 638 and to the inner carrier 348, the tension in the transmission component 632
is transferred to the connector plate connector 638 as the opposing force. While the connector
plate 352 is connected to the connector plate connector 638, the tension in the transmission
component 632 is transferred to the connector plate 352, and components coupled to the
connector plate 352, such as the object transitioning apparatus 420, as the opposing

counterweight-based force.

[00391] As depicted in Figure 36, while the connector plate 352 is disposed at a bottom
end of the inner carrier 348, and the connector plate connector 638 is connected to the
connector plate 352: (i) the rod 626 is disposed in the cylinder 624, (ii) the pulley 634 is
disposed at a middle portion of the inner carrier 348 that is between the top end and bottom end
of the inner carrier 348, and (iii) the connector plate connector 638 is disposed at a bottom end

of the inner carrier 348.

[00392] As depicted in Figure 38, while the connector plate 352 is disposed at a top end
of the inner carrier 348, and the connector plate connector 638 is connected to the connector
plate 352: (i) the rods 626 is extended outside of the cylinder 624, (ii) the pulley 634 is disposed
at a bottom end of the inner carrier 348, and (iii) the connector plate connector 638 is disposed

at a top end of the inner carrier 348.

[00393] In some embodiments, for example, the pressure of the gas in the pneumatic gas
cylinder 624 varies during vertical displacement of the connector plate 352, relative to the inner
carrier 348, such that the opposing force applied by the counterweight configuration 620 to the
connector plate 352 varies during vertical displacement of the connector plate 352, relative to

the inner carrier 348. While the connector plate 352 is disposed at its lowest vertical position,
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relative to the inner carrier 348, as depicted in Figure 36 and Figure 37, the rods 626 is
retracted into the cylinder 624, such that the volume of the cylinder 624 is at its lowest, and the
pressure of the gas is at its highest. While the connector plate 352 is disposed in at the highest
vertical position, relative to the inner carrier 348, as depicted in Figure 38 and Figure 39, the rod
626 is extended out of the cylinder 624, such that the volume of the cylinder 624 is at its
highest, and the pressure of the gas is at its lowest. The volume of the cylinder 624 increases,
and the pressure in the cylinder 624 decreases, as the connector plate 352 is vertically
displaced from its lowest vertical position to its highest vertical positon, relative to the inner

carrier 348.

[00394] In some embodiments, for example, the opposing force is equal in magnitude to
the weight of the connector plate 352 and the object transitioning apparatus 420, for example,
while the connector plate 352 is disposed in an intermediate position, wherein the connector
plate 352 is positioned at a vertical position, relative to the inner carrier 348, that is half of its
highest position. In some embodiments, for example, while the opposing force is equal in
magnitude to the weight of the connector plate 352 and the object transitioning apparatus 420,
and the object transitioning apparatus 420 is connected to the connector plate 352, the actuator
configuration 400 can vertically displace the object transitioning apparatus 420 with a

displacement force of relatively small magnitude, for example, one pound of force.

[00395] While the connector plate 352 is disposed in its lowest position, relative to the
inner carrier 348, and the object transitioning apparatus 420 is connected to the connector plate
352, the force applied by the actuator configuration 400 to the connector plate 352 is to oppose
at least a portion of the opposing force, for retaining the disposition of the connector plate 352 in

the lowest position, relative to the inner carrier 348.

[00396] While the connector plate 352 is disposed in its highest position, relative to the
inner carrier 348, and the object transitioning apparatus 420 is connected to the connector plate
352, the force applied by the actuator configuration 400 to the connector plate 352 is to oppose
at least a portion of the weight of the connector plate 352 and the object transitioning apparatus
420 to retain the disposition of the connector plate 352 in the highest position, relative to the

inner carrier 348.

[00397] In some embodiments, for example, instead of a pneumatic counterweight 622,

the counterweight configuration 620 includes a coil spring.
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[00398] In some embodiments, for example, the counterweight configuration 620 is
disposed in the inner carrier 348. In some embodiments, for example, the actuator
configuration 400 and the counterweight configuration 620 are disposed in opposing

relationship.

[00399] In some embodiments, for example, wherein the extendible arm 432 is a
telescoping arm, the telescoping arm is configured for increased rigidity, such that the
telescoping arm has relatively long lateral reach, for example, to reach an object that is

disposed at the rearmost portion of an object supporter.

[00400] In some embodiments, for example, at least one of the plurality of arm segments
of the telescoping arm has a C-shaped cross-section, such that the telescoping arm includes at
least one C-shaped cross-section defined arm segment. In some embodiments, for example,

the cross-section, having the C-shape, is taken along a lateral axis.

[00401] In some embodiments, for example, at least one of the at least one intermediate
arm segment, for example, at least one of intermediate arm segment 436A and intermediate
arm segment 436B, has a C-shaped cross-section, such that the at least one C-shaped cross-
section defined arm segment includes at least one of the at least one intermediate arm

segment.

[00402] In some embodiments, for example, as depicted in Figure 43, each one of the at
least one intermediate arm segment, independently, has a C-shaped cross-section, such that
the at least one C-shaped cross-section defined arm segment includes the at least one
intermediate arm segment. In such embodiments, for example, each one of intermediate arm
segment 436A and intermediate arm segment 436B, independently, has a C-shaped cross-

section.

[00403] In some embodiments, for example, the C-shaped cross-section of the

intermediate arm segment 436A increases the rigidity of the intermediate arm segment 436A.

[00404] In some embodiments, for example, the C-shaped cross-section of the

intermediate arm segment 436B increases the rigidity of the intermediate arm segment 436B.

[00405] In some embodiments, for example, as depicted in Figure 43, the terminal arm
segment 438 has a C-shaped cross-section, such that the at least one C-shaped cross-section

defined arm segment includes the terminal arm segment 438.
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[00406] In some embodiments, for example, the C-shaped cross-section of the terminal

arm segment 438 increases the rigidity of the terminal arm segment 438.

[00407] In some embodiments, for example, the terminal arm segment 438 includes: (i) a
first end portion 650 defined by an upwardly extending fold 652, extending laterally, relative to
the base 302, and (ii) a second end portion 654, defined by a downwardly extending fold 656,

extend laterally, relative to the base 302.

[00408] In some embodiments, for example, the upwardly extending fold 652 and the

downwardly extending fold 656 further increases the rigidity of the terminal arm segment 438.

[00409] In some embodiments, for example, by increasing the rigidity of the arm
segments of the telescoping arm, the rigidity of the telescoping arm is increased. With
increased rigidity, the telescoping arm is able to extend laterally further, such that the
telescoping arm has increased lateral reach. By having increased lateral reach, the telescoping
arm is extendible to laterally displace the end effector 440 by an extended lateral distance, for
example, to grasp an object that is disposed at the rearmost part of an object supporter, or to
push an object from the robot-defined object supporter 502 to the rearmost part of the object

supporter.

[00410] In some embodiments, measured from a vertical center line, the telescoping arm
is laterally extendible by at least 0.5 meters, for example, 1 meter, for example, 1.5 meters, for
example, 1.95 meters. In some embodiments, for example, the telescoping arm can laterally

extend to reach three bins deep into an object supporter.

[00411] In some embodiments, for example, the terminal arm segment 438 has a width,
measured along a lateral axis, having a minimum value of at least 24 inches. In some
embodiments, for example, the terminal arm segment 438 has a height, measured along a
vertical axis, having a minimum value of at least four inches. In some embodiments, for
example, the terminal arm segment 438 has a depth, measured along a longitudinal axis,

having a minimum value of at least 1 %4 inches.

[00412] In some embodiments, for example, the intermediate arm segment 436B has a
width, measured along a lateral axis, having a minimum value of at least 24 inches. In some
embodiments, for example, the intermediate arm segment 436B has a height, measured along a

vertical axis, having a minimum value of at least 3.5 inches. In some embodiments, for
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example, the intermediate arm segment 436B has a depth, measured along a longitudinal axis,

having a minimum value of at least 7/8 inches.

[00413] In some embodiments, for example, the intermediate arm segment 436A has a
width, measured along a lateral axis, having a minimum value of at least 24 inches. In some
embodiments, for example, the intermediate arm segment 436A has a height, measured along a
vertical axis, having a minimum value of at least three inches. In some embodiments, for
example, the intermediate arm segment 436A has a depth, measured along a longitudinal axis,

having a minimum value of at least 0.5 inches.

[00414] In some embodiments, for example, the height of the upward extending fold 652
has a minimum value of at least 0.5 inches. In some embodiments, for example, the height of

the downward extending fold 654 has a minimum value of at least 0.5 inches.

[00415] In some embodiments, for example, a first object supporter is disposed opposite
a second object supporter in a spaced apart relationship such that an aisle is defined. In some
embodiments, for example, a minimum spacing distance, between the first and second object
supporters, of less than 12 feet, is defined within the aisle. In some embodiments, for example,
the minimum spacing distance is greater than 25 inches. In some embodiments, for example,
while the robot 110 is moving within the aisle, the target object of the robot 110, for example, the
object to be retrieved by the robot 110, is a first object that is supported on the first object
supporter, or a second object that is supported on the second object supporter. It is desirable
for the robot 110 to be able to retrieve either the first object or the second object without having
to exit the aisle, and then re-enter the aisle. In this respect, it is desirable for the extendible arm
432 to be able to extend in a first direction, and also to be able to extend in a second direction

that is opposite the first direction.

[00416] In some embodiments, for example, the grasping of an object, for which the
object manipulator 430 is configured, includes the grasping of the first object and the grasping of

the second object.

[00417] In some embodiments, for example,, the extendible arm 432 is configurable in a
first extendible arm extended configuration, as depicted in Figure 47 to Figure 50, and a second

extendible arm extended configuration, as depicted in Figure 51 to Figure 54.
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[00418] In some embodiments, for example, in the first extendible arm extended
configuration, the extendible arm 432 is extended, in a first direction. In some embodiments, for
example, in the first extendible arm extended configuration, the extendible arm 432 is extended,
such that the end effector 440 is disposed for grasping the first object that is supported on the

first object supporter.

[00419] In some embodiments, for example, in the second extendible arm extended
configuration, the extendible arm 432 is extended, in a second direction that is opposite the first
direction. In some embodiments, for example, in the second extendible arm extended
configuration, the extendible arm 432 is extended, such that the end effector 440 is disposed for

grasping the second object that is supported on the second object supporter.

[00420] In some embodiments, for example the extendible arm 432 is extendible from a
extendible arm retracted configuration, as depicted in Figure 44 to Figure 46, to the first
extendible arm extended configuration, and also extendible from the extendible arm retracted
configuration to the second extendible arm extended configuration. In transitioning from the
extendible arm retracted configuration to the first extendible arm extended configuration, the
extendible arm 432 is extended in the first direction, and in transitioning from the extendible arm
retracted configuration to the second extendible arm extended configuration, the extendible arm

is extended in the second direction.

[00421] In some embodiments, for example, the extension of the extendible arm 432,
from the extendible arm retracted configuration to the first extendible arm extended
configuration, is a lateral extension of the extendible arm 432 in the first direction, relative to the
base 302. In some embodiments, for example, the extension of the extendible arm 432, from
the extendible arm retracted configuration to the second extendible arm extended configuration,

is a lateral extension of the extendible arm 432 in the second direction, relative to the base 302.

[00422] In some embodiments, for example, in the first extendible arm extended
configuration, the extendible arm 432 is extended, in the first direction, along an extendible arm
extension axis 431. In some embodiments, for example, in the second extendible arm extended
configuration, the extendible arm 432 is extended, in the second direction, also along the
extendible arm extension axis. In some embodiments, for example, the extendible arm

extension axis extends laterally, relative the base 302.
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[00423] In some embodiments, for example, while the extendible arm 432 is configured in
the first extendible arm extended configuration, the extendible arm 432 is extended to the right
of the base 302. In some embodiments, for example, while the extendible arm 432 is
configured in the second extendible arm extended configuration, the extendible arm 432 is
extended to the left of the base 302.

[00424] In some embodiments, for example, wherein the extendible arm 432 is a

telescoping arm, the telescoping arm is configurable in a first telescoping arm extended

configuration, as depicted in Figure 47 to Figure 50, a second telescoping arm extended
configuration, as depicted in Figure 51 to Figure 54, and a telescoping arm retracted

configuration, as depicted in Figure 44 to Figure 46.

[00425] In the first telescoping arm extended configuration, the telescoping arm is
extended, in the first direction, along a telescoping arm axis 433, such that the end effector 440

is disposed for grasping the first object supported on the first object supporter.

[00426] In the second telescoping arm extended configuration, the telescoping arm is
extended, in the second direction, also along the telescoping arm axis, such that the end
effector 440 is disposed for grasping the second object supported on the second object

supporter.

[00427] In some embodiments, for example, the telescoping arm axis extends laterally,

relative to the base 302.

[00428] In some embodiments, for example, the object manipulator 430 includes an
actuator configuration 660, including a prime mover 662, for example, a motor, for example, an
electric motor, and a transmission configuration 664, including a gear box 666, gears 668, a
transmission component 670, such as a drive belt, a chain, a cable, and the like, and a rack 672
for actuation of the extendible arm 432, wherein the extendible arm 432 is a telescoping arm.
As depicted in Figure 55, Figure 56, and Figure 48, the prime mover 662, gear box 666, gears
668, and transmission component 670 are coupled to the base arm segment 434, and the rack
672 is mounted to the intermediate arm segment 436A. In some embodiments, for example, the
prime mover 662 and gear box 666 are disposed in electrical and data communication with the
electrical and data connectors 428, for example, via electrical and data cables 435 and 437.
While the cables 390 and 392 are disposed in electrical and data communication with the

electrical and data connectors 428, the prime mover 662 and gear box 666 are disposed in data
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communication with the controller 202 and also disposed in electrical communication with the
battery of the robot 110.

[00429] The prime mover 662 is configured to generate a displacement force that is
applicable to the telescoping arm for laterally extending or retracting the telescoping arm,
relative to the base 302. In response to application of the displacement force from the prime
mover 662 to the telescoping arm, the telescoping arm is laterally extended or retracted, relative
to the base 302.

[00430] In some embodiments, for example, the prime mover 662 is configurable in a first
direction displacement drive state and a second direction displacement drive state. In some
embodiments, for example, while the prime mover 662 is disposed in the first direction
displacement drive state, the displacement force applied to the telescoping arm has a first
direction, for example, a direction to the right, such that the telescoping arm extends or retracts
in the first direction, relative to the base 302, in response to application of the displacement
force to the telescoping arm. In some embodiments, for example, while the prime mover 662 is
disposed in the second direction displacement drive state, the displacement force applied to the
telescoping arm has a second direction that is opposite the first direction, for example, a
direction to the left, such that the telescoping arm is displaced in the second direction, relative to

the base 302, in response to application of the displacement force to the telescoping arm.

[00431] In some embodiments, for example, the prime mover 662 is disposed in data
communication with the controller 202 and further disposed in electrical communication with the
battery, for actuation of the prime mover 662 in the first direction displacement drive state and

the second direction displacement drive state, via control commands from the controller 202.

[00432] In some embodiments, for example, the actuator configuration 660 includes the
transmission configuration 664 to effect the operable communication between the prime mover
662 and the telescoping arm, in particular, between the prime mover 662 and the intermediate
arm segment 436A. In some embodiments, for example, the transmission configuration 664
includes the transmission component 670. The transmission component 670 is disposed in
operable communication with the prime mover 662 via the gearbox 666 and the gears 668. In
some embodiments, for example, the transmission component 670 is configured to co-operate
with the rack 672 such that force is transferable from the transmission component 670 to the

rack 672, and therefore, to the intermediate arm segment 436A. In some embodiments for
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example, each one of the transmission component and the rack 672, independently, include
threading or teeth for transferring force from the transmission component 670 to the rack 672.
As depicted in Figure 55 and Figure 56, the prime mover 662 is disposed in operable
communication with the rack 672 via the gearbox 666, gears 668, and transmission component
670, and the rack 672 is connected to the intermediate arm segment 436A, such that the
displacement force generated by the prime mover 662 is applied to the intermediate arm
segment 436A via the gearbox 666, gears 668, transmission component 670, and the rack 672.
In this respect, the displacement force generated by the prime mover 662 is an intermediate
arm segment displacement force. In response to application of the intermediate arm segment
displacement force from the prime mover 662 to the intermediate arm segment 436A, the

intermediate arm segment 436 is laterally displaced, relative to the base 302.

[00433] In some embodiments, for example, the base arm segment 434 is coupled to the
base 302 such that there is an absence of lateral displacement of the base arm segment 434,
relative to the base 302. In such embodiments, for example, in response to application of the
intermediate arm segment displacement force from the prime mover 662 to the intermediate
arm segment 436A, the intermediate arm segment 436 is laterally displaced, relative to the base

arm segment 434.

[00434] In some embodiments, for example, to laterally displace the intermediate arm
segment 436B, relative to the intermediate arm segment 436A, and also to laterally displace the
terminal arm segment 438, relative to the intermediate arm segment 436B, for effecting the
extension or retraction of the telescoping arm, the object manipulator 430 includes a
transmission configuration 680. The base arm segment 434, the intermediate arm segment
436A, the intermediate arm segment 436B, the terminal arm segment 438, the transmission
configuration 680 and the actuator configuration 660 are co-operatively configured such that, in
response to application of the intermediate arm segment displacement force to the intermediate
arm segment 436A by the actuator configuration 660 to effect the lateral displacement of the
intermediate arm segment 436A, relative to the base arm segment 434: (i) an intermediate arm
segment displacement force is applied by the transmission configuration 680 to the intermediate
arm segment 436B, to effect lateral displacement of the intermediate arm segment 436B,
relative to the intermediate arm segment 436A, and (ii) a terminal arm segment displacement
force is applied by the transmission configuration 680 to the terminal arm segment 438, to effect
lateral displacement of the terminal arm segment 438, relative to the intermediate arm segment
436B.
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[00435] In some embodiments, for example, the transmission configuration 680 includes:

[00436] (i) a first upper transmission component 682, for example, a drive belt, a chain, a

cable and the like, having a first end 684 and a second end 686,

[00437] (ii) a second upper transmission component 692, for example, a drive belt, a

chain, a cable and the like, having a first end 694 and a second end 696;

[00438] (iii) a first lower transmission component 702, for example, a drive belt, a chain, a

cable and the like, having a first end 704 and a second end 706;

[00439] (iv) second lower transmission component 712, for example, a drive belt, a chain,

a cable and the like, having a first end 714 and a second end 716;

[00440] (v) a first upper pulley 720 coupled to the intermediate arm segment 436A and

disposed on a right end of the intermediate arm segment 436A;

[00441] (vi) second upper pulley 722 coupled to the intermediate arm segment 436B and

disposed on a left end of the intermediate arm segment 436B;

[00442] (vii) a first lower pulley 724 coupled to the intermediate arm segment 436A and

disposed on a left end of the intermediate arm segment 436A; and

[00443] (viii) a second lower pulley 726 coupled to the intermediate arm segment 436B

and disposed on a left end of the intermediate arm segment 436B.
[00444] As depicted in Figure 44 to Figure 54:

[00445] (i) the first upper transmission component 682 is connected, at the first end 684,
to the base arm segment 434, and connected, at the second end 686, to the intermediate arm
segment 436B, is looped around the first upper pulley 720 that is coupled to the intermediate

arm segment 436A, and disposed in tension.

[00446] (i) the second upper transmission component 692 is connected, at the first end
694, to the intermediate arm segment 436A, and connected, at the second end 696, to the
terminal arm segment 438, and is looped around the second upper pulley 722 that is coupled to

the intermediate arm segment 436B, and disposed in tension.
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[00447] (iii) the first lower transmission component 702 is connected, at the first end 704,
to the base arm segment 434, and connected, at the second end 706, to the intermediate arm
segment 436B, and is looped around the first lower pulley 724 that is coupled to the

intermediate arm segment 436A, and disposed in tension.

[00448] (iv) the second lower transmission component 712 is connected, at the first end
714, to the intermediate arm segment 436A, and connected, at the second end 716, to the
terminal arm segment 438, and is looped around the second lower pulley 726 that is coupled to

the intermediate arm segment 436B, and disposed in tension.

[00449] In response to lateral displacement of the intermediate arm segment 436A in the
first direction, for example, in the right direction, in response to application of the intermediate
arm segment displacement force having a first direction from the prime mover 662, the first
upper pulley 720 and the first lower pulley 724 are displaced in the first direction. As the first
upper pulley 720 is displaced in the first direction, the first upper pulley 720 exerts a force on the
first upper transmission component 682, with effect that the first upper transmission component
682 becomes further disposed in tension. Due to the connection of the first upper transmission
component 682 to: (i) the base arm segment 434, which is connected to the base such that
there is an absence of lateral displacement of the base arm segment 434, relative to the base
302, and (ii) the intermediate arm segment 436B, which is coupled to the intermediate arm
segment 436A such that the intermediate arm segment 436B is laterally displaceable, relative to
the intermediate arm segment 436A, the tension in the first upper transmission component 682
is transferred to the intermediate arm segment 436B as an intermediate arm segment
displacement force, having the first direction. In this respect, as the intermediate arm segment
436A is displaced laterally in the first direction, the first upper transmission component 682
applies the intermediate arm segment displacement force to the intermediate arm segment
436B. In response to application of the intermediate arm segment displacement force to the
intermediate arm segment 436B, the intermediate arm segment 436B is displaced, relative to

the intermediate arm segment 436A, in the first direction.

[00450] Similarly, in response to lateral displacement of the intermediate arm segment
436B in the first direction, for example, in the right direction, in response to application of the
intermediate arm segment displacement force having a first direction from the first upper
transmission component 682, the second upper pulley 722 and the second lower pulley 726 are

displaced in the first direction. As the second lower pulley 726 is displaced in the first direction,
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the second lower pulley 726 exerts a force on the second lower transmission component 712,
with effect that the second lower transmission component 712 becomes further disposed in
tension. Due to the connection of the second lower transmission component 712 to: (i) the
intermediate arm segment 436A, such that the intermediate arm segment 436B is laterally
displaceable relative to the intermediate arm segment 436A, and (ii) terminal arm segment 438,
which is coupled to the intermediate arm segment 436B such that the terminal arm segment 438
is laterally displaceable, relative to the intermediate arm segment 436B, the tension in the
second lower transmission component 712 is transferred to the terminal arm segment as a
terminal arm segment displacement force, having the first direction. In this respect, as the
intermediate arm segment 436B is displaced laterally in the first direction, the second lower
transmission component 712 applies the terminal arm segment displacement force to the
terminal arm segment 438. In response to application of the terminal arm segment
displacement force to the terminal arm segment 438, the terminal arm segment 438 is

displaced, relative to the intermediate arm segment 436B, in the first direction.

[00451] In response to lateral displacement of the intermediate arm segment 436A in the
second direction that is opposite the first direction, for example, in the left direction, in response
to application of the intermediate arm segment displacement force having a second direction
from the prime mover 662, the first upper pulley 720 and the first lower pulley 724 are displaced
in the second direction. As the first lower pulley 724 is displaced in the second direction, the
first lower pulley 724 exerts a force on the first lower transmission component 702, with effect
that the first lower transmission component 702 becomes further disposed in tension. Due to
the connection of the first lower transmission component 702 to: (i) the base arm segment 434,
which is connected to the base 302 such that there is an absence of lateral displacement of the
base arm segment 434, relative to the base 302, and (ii) the intermediate arm segment 436B,
which is coupled to the intermediate arm segment 436A such that the intermediate arm segment
4368 is laterally displaceable, relative to the intermediate arm segment 436A, the tension in the
first lower transmission component 702 is transferred to the intermediate arm segment 436B as
an intermediate arm segment displacement force, having the second direction. In this respect,
as the intermediate arm segment 436A is displaced laterally in the second direction, the first
lower transmission component 702 applies the intermediate arm segment displacement force to
the intermediate arm segment 436B. In response to application of the intermediate arm

segment displacement force to the intermediate arm segment 436B, the intermediate arm
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segment 436B is displaced, relative to the intermediate arm segment 436A, in the second

direction.

[00452] Similarly, in response to lateral displacement of the intermediate arm segment
436B in the second direction, for example, in the left direction, in response to application of the
intermediate arm segment displacement force having a second direction from the first lower
transmission component 702, the second upper pulley 722 and the second lower pulley 726 are
displaced in the first direction. As the second upper pulley 722 is displaced in the second
direction, the second upper pulley 722 exerts a force on the second upper transmission
component 692, with effect that the second upper transmission component 692 becomes further
disposed in tension. Due to the connection of the second upper transmission component 692
to: (i) the intermediate arm segment 436A, such that the intermediate arm segment 436B is
laterally displaceable relative to the intermediate arm segment 436A, and (ii) terminal arm
segment 438, which is coupled to the intermediate arm segment 436B such that the terminal
arm segment 438 is laterally displaceable, relative to the intermediate arm segment 436B, the
tension in the second upper transmission component 692 is transferred to the terminal arm
segment 438 as a terminal arm segment displacement force, having the second direction. In
this respect, as the intermediate arm segment 436B is displaced laterally in the second
direction, the second upper transmission component 692 applies the terminal arm segment
displacement force to the terminal arm segment 438. In response to application of the terminal
arm segment displacement force to the terminal arm segment 438, the terminal arm segment

438 is displaced, relative to the intermediate arm segment 436B, in the second direction.

[00453] In some embodiments, for example, while the telescoping arm is disposed in the
first telescoping arm extended configuration, in response to disposition of the prime mover 662
in the second direction displacement drive state, the telescoping arm is retracted, from the first
telescoping arm extended configuration to the telescoping arm retracted configuration. With the
prime mover 662 still disposed in the second direction displacement drive state, the telescoping
arm is extended, from the telescoping arm retracted configuration to the second telescoping arm

extended configuration.

[00454] In some embodiments, for example, while the telescoping arm is disposed in the
second telescoping arm extended configuration, in response to disposition of the prime mover
662 in the first direction displacement drive state, the telescoping arm is retracted, from the

second telescoping arm extended configuration to the telescoping arm retracted configuration.
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With the prime mover 662 still disposed in the first direction displacement drive state, the
telescoping arm is extended, from the telescoping arm retracted configuration to the first

telescoping arm extended configuration.

[00455] In some embodiments, for example, the transition of the telescoping arm
between the first telescoping arm extended configuration to the second telescoping arm

extended configuration is a continuous transition.

[00456] In some embodiments, for example, because the extendible arm 432 can extend
in the first direction and also in the second direction that is opposite the first direction, the robot
110 can enter an aisle from either a first end of the aisle or the second end of the aisle to grasp
an object that is disposed on a first side (e.g. right side) of the robot 110 or a second side of the
robot that is opposite the first side (e.g. left side). This reduces the time for the robot 110 to
complete an object retrieval or storage operation. Without the ability of the extendible arm 432
to extend in the first direction and also in the second direction, the robot 110 may be required to
enter an aisle from one of the first or second end, or after entering the aisle, exiting the aisle and
re-entering the aisle in the opposite direction, which may increase the time for the robot 110 to

complete an object retrieval or storage operation.

[00457] In some embodiments, for example, the robot-defined object supporter 502 is
displaceable laterally, relative to the base 302, from a supporter retracted configuration, as
depicted in Figure 67 and Figure 68, to a to a first supporter extended configuration, as depicted
in Figure 69 to Figure 71, and also displaceable laterally from the supporter retracted
configuration to a second supporter extended configuration, as depicted in Figure 72 to Figure
74.

[00458] In transitioning from the supporter retracted configuration to the first supporter
extended configuration, the robot-defined object supporter 502 is displaced, relative to base

302, in afirst direction, for example, in a right direction.

[00459] In transitioning from the supporter retracted configuration to the second supporter
extended configuration, the robot-defined object supporter 502 is displaced, relative to the base

302, in a second direction that is opposite the first direction, for example, in a left direction.
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[00460] In some embodiments, for example, the lateral displacement of the extendible
arm 432, for example, the telescoping arm, is independent of the lateral displacement of the

robot-defined object supporter 502.

[00461] In some embodiments, for example, while the robot 110 is disposed within the
aisle between the first and second object supporters, such that the first object supporter is
disposed on a first side of the robot 110, such as the right side of the robot, and that the second
object supporter is disposed on a second side of the robot 110 that is opposite the first side of
the robot, for example, the left side of the robot, transitioning from the retracted configuration to
the first platform extended configuration is with effect that the minimum spacing between the
robot-defined object supporter 502 and the first object supporter is reduced, and transitioning
from the retracted configuration to the second platform extended configuration is with effect that
the minimum spacing between the robot-defined object supporter 502 and the second object

supporter is reduced.

[00462] In some embodiments, for example, the displacement of the robot-defined object
supporter 502, in the first direction, for transitioning from the supporter retracted configuration to
the first supporter extended configuration, is along a supporter extension axis 730, and the
extension of the robot-defined object supporter 502, in the second direction, for transitioning
from the supporter retracted configuration to the second supporter extended configuration, is

also along the supporter extension axis 730.

[00463] In some embodiments, for example, the extendible arm extension axis 431 is
parallel to the supporter extension axis 730. In some embodiments, for example, wherein the
extendible arm 432 is a telescoping arm, the telescoping arm extension axis 433 is parallel to

the supporter extension axis 730.

[00464] In some embodiments, for example, the object transitioning apparatus 420
includes an actuator configuration 740 to effect the lateral displacement of the robot-defined

object supporter 502, relative to the base 302.

[00465] In some embodiments, for example, the actuator configuration 740 includes a
prime mover 742, for example, a motor, for example, an electric motor, that is disposed in
operable communication with the robot-defined object supporter 502. In some embodiments, for
example, the prime mover 742 is disposed within and mounted to the robot-defined object

supporter 502, such that the prime mover 742 is laterally displaceable with the robot-defined
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object supporter 502. The prime mover 742 is configured to generate a displacement force that
is applicable to the robot-defined object supporter 502 for laterally displacing the robot-defined
object supporter 502, relative to the base 302. In response to application of the displacement
force from the prime mover 742 to the robot-defined object supporter 502, the robot-defined

object supporter 502 is laterally displaced, relative to the base 302.

[00466] In some embodiments, for example, the prime mover 742 is configurable in a first
direction displacement drive state and a second direction displacement drive state. In some
embodiments, for example, while the prime mover 742 is disposed in the first direction
displacement drive state, the displacement force applied to the robot-defined object supporter
502 has first direction, for example, the right direction, such that the robot-defined object
supporter 502 is displaced in the first direction, relative to the base 302, in response to
application of the displacement force to the robot-defined object supporter 502. In some
embodiments, for example, while the prime mover 742 is disposed in the second direction
displacement drive state, the displacement force applied to the robot-defined object supporter
502 has a second direction that is opposite the first direction, for example, the left direction,
such that the robot-defined object supporter 502 is displaced in the second direction, relative to
the base 302, in response to application of the displacement force to the robot-defined object

supporter 502.

[00467] In some embodiments, for example, the prime mover 742 is disposed in data
communication with the controller 202 and further disposed in electrical communication with the
battery, for example, via electrical and data cable 743, which is disposed in electrical and data
communication with the electrical and data connectors 428, for actuation of the prime mover
742 in the first direction displacement drive state and the second direction displacement drive
state, via control commands from the controller 202. While the cables 390 and 392 are
disposed in electrical and data communication with the electrical and data connectors 428, the
prime mover 742 is disposed in data communication with the controller 202 and also disposed in

electrical communication with the battery of the robot 110.

[00468] In some embodiments, for example, the actuator configuration 740 includes a
transmission configuration 744 to effect the operable communication between the prime mover
742, the base 500, and the robot-defined object supporter 502. In some embodiments, for
example, the transmission configuration 744 includes a transmission component 746, for

example, a drive belt, a chain, a cable and the like. The transmission component 746 is
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mounted to the base 500 of the object transitioning apparatus 420, and, as depicted in Figure
69, Figure 72, and Figure 83, is looped around rotatable components 748 of the prime mover
742, such as one or more wheels or gears of the prime mover 742. In response to configuration
of the prime mover 742 in the first direction or second direction displacement drive state, the
displacement force is applied by the rotatable component 748 to the transmission component
746. As the transmission component 746 is coupled to the base 500, the displacement force
applied by the prime mover 742 to the transmission component 746 effects lateral displacement
of the prime mover 742, relative to the transmission component 746, and also relative to the
base 500. Due to the connection of the prime mover 742 to the robot-defined object supporter
502, the displacement force is transferred from the prime mover 742 to the robot-defined object
supporter 502, such that the robot-defined object supporter 502 is also laterally displaced,
relative to the base 500. In some embodiments, for example, while the object transitioning
apparatus 420 is coupled to the base 302, via the lift mechanism 340, there is an absence of
lateral displacement of the base 500, relative to the base 302. In such embodiments, for
example, the lateral displacement of the robot-defined object supporter 502, relative to the base

500 of the object transitioning apparatus 420, is also relative to the base 302 of the robot 110.

[00469] In some embodiments, for example, as depicted in Figure 69, the object
transitioning apparatus 420 includes guides 750, for example, guide tracks that are mounted to
the base 500, for guiding the lateral displacement of the robot-defined object supporter 502,

relative to the base 500.

[00470] In some embodiments, for example, while the robot-defined object supporter 502
is disposed in the first supporter extended configuration, in response to disposition of the prime
mover 742 in the second direction displacement drive state, the telescoping arm is retracted,
from the first supporter extended configuration to the supporter retracted configuration. With the
prime mover 742 still disposed in the second direction displacement drive state, the robot-
defined object supporter 502 is extended, from the supporter retracted configuration to the

second supporter extended configuration.

[00471] In some embodiments, for example, while the robot-defined object supporter
502is disposed in the second supporter extended configuration, in response to disposition of the
prime mover 742 in the first direction displacement drive state, the robot-defined object
supporter 502 is retracted, from the second supporter extended configuration to the supporter

retracted configuration. With the prime mover 742 still disposed in the first direction
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displacement drive state, the robot-defined object supporter 502 is extended, from the supporter

retracted configuration to the first supporter extended configuration.

[00472] In some embodiments, for example, the transition of the robot-defined object
supporter 502 between the first supporter extended configuration and the second supporter

extended configuration is a continuous transition.

[00473] In some embodiments, for example, because the robot-defined object supporter
502 can displace laterally in the first direction and also in the second direction that is opposite
the first direction, the robot 110 can enter an aisle from either a first end of the aisle or the
second end of the aisle to grasp an object that is disposed on a first side (e.g. right side) of the
robot 110 or a second side of the robot that is opposite the first side (e.g. left side). This
reduces the time for the robot 110 to complete an object retrieval or storage operation. Without
the ability of the robot-defined object supporter 502 to laterally displace in the first direction and
also in the second direction, the robot 110 may be required to enter an aisle from one of the first
or second end, or after entering the aisle, exiting the aisle and re-entering the aisle in the
opposite direction, which may increase the time for the robot 110 to complete an object retrieval

or storage operation.

[00474] In some embodiments, for example, the end effector 440 is coupled to the
extendible arm 432 such that: (i) the end effector 440 is displaceable laterally, relative to the
base 302, in response to extension or retraction of the extendible arm 432, and (ii) the end
effector 440 is also displaceable laterally, relative to the extendible arm 432. In some
embodiments, for example, the lateral displaceability of the end effector 440, relative to the base
302, in response to extension or retraction of the extendible arm 432, is independent of the

lateral displaceability of the end effector 440, relative to the extendible arm 432.

[00475] In some embodiments, for example, the end effector 440 is displaceable laterally,
relative to the extendible arm 432, in a first direction, for example, in a right direction, as
depicted in Figure 75, and also in a second direction that is opposite the first direction, for

example, in a left direction, as depicted in Figure 76.

[00476] In some embodiments, for example, the lateral displaceability of the end effector
440, relative to the extendible arm 432, is such that the end effector 440 is displaceable, relative

to extendible arm 432, between a first lateral position, as depicted in Figure 75, and a second
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lateral position, as depicted by Figure 76, wherein the first lateral position is disposed to the

right, relative to the second lateral position.

[00477] In some embodiments, for example, wherein the extendible arm 432 is a
telescoping arm, the end effector 440 is coupled to the terminal arm segment 438 of the
telescoping arm. The coupling of the end effector 440 to the telescoping arm is effected by the
coupling of the end effector 440 to the terminal arm segment 438. In some embodiments, for

example, the end effector 440 is displaceable laterally, relative to the terminal arm segment 438.

[00478] In some embodiments, for example, the end effector 440 is displaceable laterally,
relative to the telescoping arm 432, along a central longitudinal axis 760 of the telescoping arm.
As depicted in Figure 75, the central longitudinal axis 760 of the telescoping arm is a laterally

extending axis.

[00479] In some embodiments, for example, the telescoping arm is extendible and
retractable along the telescoping arm extension axis 433, and the end effector 440 is

displaceable laterally, relative to the telescoping arm, along the extension axis 433.

[00480] In some embodiments, the telescoping arm is extendible from the retracted
configuration, as depicted in Figure 45, to the first extended configuration, as depicted in Figure
47, and also extendible from the retracted configuration to the second extended configuration,

as depicted in Figure 51.

[00481] In some embodiments, for example, the end effector 440 is displaceable laterally,
relative to the telescoping arm, while the telescoping arm is disposed in the retracted
configuration. In some embodiments, for example, the end effector 440 is displaceable laterally,
relative to the telescoping arm, while the telescoping arm is disposed in the first extended
configuration. In some embodiments, for example, the end effector 440 is displaceable laterally,
relative to the telescoping arm, while the telescoping arm is disposed in the second
configuration. In some embodiments, for example, the end effector 440 is displaceable laterally,
relative to the telescoping arm, while the telescoping arm is transitioning between the first

extended configuration and the second extended configuration.

[00482] In some embodiments, for example, the driver 450, to which the end effector 440
is coupled, is coupled to the extendible arm 432 such that the driver 450 is laterally

displaceable, relative to the extendible arm 432. In such embodiments, for example, the lateral
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displaceability of the end effector 440, relative to the extendible arm 432, is effectible by the

lateral displaceability of the driver 450, relative to the extendible arm 432.

[00483] In some embodiments, for example, wherein the extendible arm 432 is a
telescoping arm, the driver 450, to which the end effector 440 is coupled, is coupled to the
terminal arm segment 438 such that the driver 450 is laterally displaceable, relative to the
terminal arm segment 438. In such embodiments, for example, the lateral displaceability of the
end effector 440, is effectible by the lateral displaceability of the driver 450, relative to the

terminal arm segment 438.

[00484] In some embodiments, for example the object transitioning apparatus 420
includes an actuator configuration 770 to effect the lateral displacement of the driver 450,

relative to the terminal arm segment 438.

[00485] In some embodiments, for example, the actuator configuration 770 includes a
motor 772, for example, a motor, for example, an electric motor, that is disposed in operable
communication with the driver 450. In some embodiments, for example, as depicted in Figure
58, the prime mover 772 is mounted to the driver 450, such that the prime mover 772 is laterally
displaceable with the driver 450. The prime mover 772 is configured to generate a
displacement force that is applicable to the driver 450 for laterally displacing the driver 450,
relative to the terminal arm segment 438. In response to application of the displacement force
from the prime mover 772 to the driver 450, the driver 450 is laterally displaced, relative to the

terminal arm segment 438.

[00486] In some embodiments, for example, the prime mover 772 is configurable in a first
direction displacement drive state and a second direction displacement drive state. In some
embodiments, for example, while the prime mover 772 is disposed in the first direction
displacement drive state, the displacement force applied to the driver 450 has first direction, for
example, the right direction, such that the driver 450 is displaced in the first direction, relative to
the terminal arm segment 438, in response to application of the displacement force to the driver
450. In some embodiments, for example, while the prime mover 772 is disposed in the second
direction displacement drive state, the displacement force applied to the driver 450 has a
second direction that is opposite the first direction, for example, the left direction, such that the
driver 450 is displaced in the second direction, relative to the terminal arm segment 438, in

response to application of the displacement force to the driver 450.
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[00487] In some embodiments, for example, the prime mover 772 is disposed in data
communication with the controller 202 and further disposed in electrical communication with the
battery, for example, via electrical and data cable 499, which is disposed in electrical and data
communication with the electrical and data connectors 428, for actuation of the prime mover
772 in the first direction displacement drive state and the second direction displacement drive
state, via control commands from the controller 202. While the cables 390 and 392 are
disposed in electrical and data communication with the electrical and data connectors 428, the
prime mover 772 is disposed in data communication with the controller 202 and also disposed in

electrical communication with the battery of the robot 110.

[00488] In some embodiments, for example, the actuator configuration 770 includes a
transmission configuration 774 to effect the operable communication between the prime mover
772, the driver 450, and the terminal arm segment 438. In some embodiments, for example, the
transmission configuration 744 includes a transmission component 776, for example, a drive
belt, a chain, a cable and the like. The transmission component 776 is mounted to the terminal
arm segment 438, as depicted in Figure 75 and is looped around rotatable components 778 of
the prime mover 772, such as one or more wheels or gears of the prime mover 772. In
response to configuration of the prime mover 772 in the first direction or second direction
displacement drive state, the displacement force is applied by the rotatable components 778 to
the transmission component 776. As the transmission component 776 is coupled to the
terminal arm segment 438, the displacement force applied by the prime mover 772 to the
transmission component 776 effects lateral displacement of the prime mover 772, relative to the
transmission component 776, and also relative to the terminal arm segment 438. Due to the
connection of the prime mover 772 to the driver 450, the displacement force is transferred from
the prime mover 772 to the driver 450, such that the driver 450 is also laterally displaced,

relative to the terminal arm segment 438.

[00489] In some embodiments, for example, the lateral displacement of the driver 450,
relative to the terminal arm segment 438, is also a lateral displacement of the driver 450,
relative to the base 302, for example, while there is an absence of extension or retraction of the

telescoping arm, relative to the base 302.

[00490] In some embodiments, for example, as depicted in Figure 75, the object

transitioning apparatus 420 includes guides 780, for example, guide tracks, that are mounted to
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the terminal arm segment 438, for guiding the lateral displacement of the driver 450, relative to

the terminal arm segment 438.

[00491] In some embodiments, for example, while the robot 110 is disposed in an aisle,
and while the telescoping arm is extended in a first direction for the end effector 440 to grasp an
object on an object supporter, such that the grasped object is established, and while the
telescoping arm being retracted, relative to the base 302, to laterally displace the grasped object
from the object supporter to the robot-defined object supporter 502, the telescoping arm may
become disposed in the telescoping arm retracted configuration before the object becomes
emplaced above the robot-defined object supporter 502 for supporting by the robot-defined
object supporter 502. In such embodiments, for example, the end effector 440 is laterally
displaceable, relative to the telescoping arm, to further laterally displace the object, relative to
the base 302, such that the object becomes emplaced above the robot-defined object supporter
502, such that the object is supportable by the robot-defined object supporter 502, without
extension of the telescoping arm in a second direction that is opposite the first direction. This
allows for the width of the aisle to be reduced, such that the space of the warehouse is available

for storage of objects.

[00492] In some embodiments, for example, the object is laterally displaceable, relative to
the base 302, via lateral displacement of the end effector 440, relative to the telescoping arm,
for example, while there is an absence of extension or retraction of the telescoping arm, relative
to the base 302, for example, where there is insufficient space to extend or retract the

telescoping arm.

[00493] In some embodiments, for example, the object manipulator 430 includes: (i) an
object emplacement/removal tool 421, which includes the extendible arm 432 and the driver
450, and (ii) the end effector 440.

[00494] The object emplacement/removal tool 421 and the end effector 440 are co-
operatively configurable with effect that the object emplacement/removal tool 421 is
displaceable, relative to the base, independently of the end effector 440, and along a first axis
790 (in some embodiments, for example, along a longitudinal axis), such that displacement of
the object emplacement/removal tool 421, relative to the base 302, and along a first axis 790, is
obtainable, and the displacement of the object emplacement/removal tool 421, relative to the

base 302, and along a first axis 790, is obtainable in absence of displacement of the end
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effector 440, relative to the base 302, and along the first axis 790, such that positioning of the
end effector 440, relative to the base 302, remains unchanged (as depicted in Figure 77 and
Figure 78), with effect that the object manipulator 430 is transitionable between an alignment
ineffective configuration, as depicted in Figure 80, and an alignment effective configuration, as
depicted in Figure 81, in response to the displacement of the object emplacement tool 421,
relative to the end effector 440, and along the first axis 790, obtained in absence of

displacement of the end effector 440, relative to the base 302, along the first axis 790.

[00495] The object emplacement/removal tool 421 and the end effector 440 are co-
operatively configurable with effect that the end effector 440 is displaceable, with the object
emplacement/removal tool 421, relative to the base 302, along a second axis 792 (in some
embodiments, for example, along a lateral axis), and in response to extension or retraction of
the object emplacement/removal tool 421, such that displacement of the end effector 440, with
the object emplacement/removal tool 421, relative to the base 302, along the second axis 792,
and in response to extension or retraction of the object emplacement/removal tool 421, is
obtainable, such that the object manipulator 430 is transitionable between the alignment
effective configuration and an object emplacement/removal effective configuration, as depicted
in Figure 82, in response to the displacement of the end effector 440, relative to the base, along
the second axis 792, and in response to the extension or the retraction of the object

emplacement/removal tool 421.

[00496] In some embodiments, for example, the second axis 792 is disposed parallel to
an axis that is transverse to the first axis 790. In some embodiments, for example, the axis, that
is transverse to the first axis 790, and to which the second axis 792 is disposed in parallel

relationship, is perpendicular to the first axis 790.

[00497] In some embodiments, for example, the object emplacement/removal tool 421
and the end effector 440 are further co-operatively configurable with effect that displacement of
the end effector 440, relative to the object emplacement/removal tool 421, along the second
axis, is restricted. The restriction of the displacement of the end effector 440, relative to the
object emplacement/removal tool 421, along the second axis 792, is effective for establishing
the displaceability of the end effector 440 with the object emplacement/removal tool 421. In
some embodiments, for example, the displacement of the end effector 440, relative to the object

emplacement/removal tool 421, along the second axis, is prevented.
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[00498] In some embodiments, for example, extension or retraction of the object
emplacement/removal tool 421 is based on a corresponding extension or retraction of the

extendible arm 432.

[00499] In some embodiments, for example, the extendible arm 432 and the end effector
are co-operatively configurable such that the extendible arm 432 is displaceable, relative to the
base 302, and along a first axis 790, such that displacement of the extendible arm 432, relative
to the base 302, and along a first axis 790, is obtainable, and the displacement of the extendible
arm 432, relative to the base 302, and along a first axis 790, is obtainable in absence of
displacement of the end effector 440, relative to the base 302, and along the first axis 790, such
that the displacement of the object emplacement/removal tool 421, relative to the base 302, and
along a first axis 790, is obtainable in response to the displacement of the extendible arm 432,

relative to the base 302, and along a first axis 790.

[00500] In some embodiments, for example, the extendible arm 432 and the driver 450
are co-operatively configurable with effect that: (i) the driver 450 is displaceable with the
extendible arm 432, relative to the base 302, and along the first axis 790, in response to the
displacement of the extendible arm 432, relative to the base 302, and along a first axis 790,
such that displacement of the driver 450, relative to the base 302, and along a first axis 790, is
obtainable, and the displacement of the driver 450, relative to the base 302, and along a first
axis 790, is obtainable in absence of displacement of the end effector 440, relative to the base
302, and along the first axis 790; such that the driver 450 is displaceable, with the extendible
arm 432, relative to the base 302, and along the first axis 790, during transitioning of the object
manipulator between the alignment ineffective configuration and the alignment effective
configuration, and (ii) the driver 450 is displaceable with the extendible arm 432, relative to the
base 302, and along the second axis 792, in response to the extension or the retraction of the
extendible arm 432, relative to the base 302, such that the driver 450 is displaceable, in
response to the extension or the retraction of the extendible arm 432, relative to the base 302,
during transitioning of the object manipulator 430 between the alignment effective configuration

and the object emplacement/removal effective configuration.

[00501] In some embodiments, for example, the extendible arm 432 and the driver 450
are co-operatively configurable with effect that the driver 450 is displaceable, relative to the
base 302, independently of the extendible arm 432, and along a third axis 794 (in some

embodiments, for example, a lateral axis), such that displacement of the driver 450, relative to
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the base 302, and along the third axis 794 is obtainable, and such that the object manipulator
430 is transitionable between an object distribution ready configuration, as depicted in Figure
79, and the alignment ineffective configuration in response to the displacement of the driver

450, relative to the extendible arm 432, and along the third axis 794.

[00502] In some embodiments, for example, the end effector 440 is coupled to, for

example, mounted to, the driver 450.

[00503] In some embodiments, for example, the end effector 440 and the driver 450 are
co-operatively configurable with effect that: (i) the end effector 440 is displaceable with the
driver 450, relative to the base 302, and along the third axis 794, in response to the
displacement of the driver 450, relative to the base 302, and along a third axis 794, (ii) the
obtainability of the displacement of the driver 450, relative to the base 302, and along a first axis
790, in the absence of displacement of the end effector 440, relative to the base 302, and along
the first axis 790, is established, and (iii) the end effector 440 is displaceable with the driver 450,
relative to the base 302, and along the second axis 792, in response to the extension or the

retraction of the extendible arm 432, relative to the base 302.

[00504] In some embodiments, for example, as depicted in Figure 77 and Figure 78, the
absence of displacement of the end effector 440, relative to the base 302, and along the first
axis 790, while the object emplacement/removal tool 421, which includes the extendible arm
432 and the driver 450, is displaced, relative to the base 302, and along the first axis 790, is
effected by displacement of the end effector 440, relative to the driver 450, and along the first
axis 790 in a direction that is opposite the direction of displacement of the object

emplacement/removal tool 421, relative to the base 302, and along the first axis 790.

[00505] In some embodiments, for example, while the object emplacement/removal tool
421 is displaced, relative to the base 302, and along the first axis 790, in a first direction, for
example, a forward direction, the end effector 440 is displaced, relative to the driver 450, along
the first axis 790 in a second direction that is opposite the first direction, for example, a rearward
direction. In some embodiments, for example, the magnitude of the displacement of the object
emplacement/removal tool 421, relative to the base 302, and along the first axis 790, in a first
direction, is the same as the magnitude of the displacement of the end effector 440, relative to

the driver 450, along the first axis 790, in the second direction. In some embodiments, for
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example, said displacement of the end effector 440, relative to the driver 450, is effectible via

the actuator configuration 480.

[00506] In some embodiments, for example, (i) the displacement of the object
emplacement/removal tool 421 is displaced, relative to the base 302, and along the first axis
790, in the first direction, and (ii) the displacement of the end effector 440, relative to the driver

450, along the first axis 790, in the second direction, occurs simultaneously.

[00507] In some embodiments, for example, the third axis 794 is disposed parallel to an
axis that is transverse to the first axis 790. In some embodiments, for example, the axis, that is
transverse to the first axis 790, and to which the third axis 794 is disposed in parallel
relationship, is perpendicular to the first axis 790. In some embodiments, for example, the third

axis 794 is parallel to the second axis 792.

[00508] In some embodiments, for example, the extendible arm 432 and the driver 450
are further co-operatively configurable with effect that displacement of the driver 450, relative to
the extendible arm 432, along the first axis 790 (in some embodiments, for example, along a
longitudinal axis) is restricted (in some embodiments, for example, prevented), wherein the
restriction of the displacement of the driver, relative to the extendible arm 432, along the first
axis 790, is effective for establishing the displaceability of the driver 450 with the extendible arm
432 in response to displacement of the extendible arm 432, relative to the base 302, and along
a first axis 790. In some embodiments, for example, the coupling of the driver 450 to the
extendible arm 432, for example, to the terminal arm segment 438, (e.g. via the guides 780, and
the looping of the remission component 776 around the rotatable components 778 of the motor
772) is such that displacement of the driver 450, relative to the extendible arm 432, along the
first axis 790 (in some embodiments, for example, along a longitudinal axis) is restricted (in

some embodiments, for example, prevented).

[00509] In some embodiments, for example, the coupling of the driver 450 to the
extendible arm 432 (for example, to the terminal arm segment 438 of the extendible arm 432
wherein the extendible arm 432 is a telescoping arm) is such that the driver 450 is not
longitudinally displaceable, relative to the extendible arm 432. Accordingly, while the extendible
arm 432 is displaced along the first axis 790 (e.g. in a longitudinal direction), the driver 450 also

is displaced along the first axis 790 with the extendible arm 432.
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[00510] In some embodiments, for example, the extendible arm 432 and the driver 450
are further co-operatively configurable with effect that displacement of the driver 450, relative to
the extendible arm 432, along the second axis 792 (in some embodiments, for example, along a
lateral axis) is restricted (in some embodiments, for example, prevented), wherein the restriction
of the displacement of the driver 450, relative to the object emplacement/removal tool 421,
along the second axis 792, is effective for establishing the displaceability of the driver 450 with

the extendible arm 432 in response to the extension or the retraction of the extendible arm 432.

[00511] In some embodiments, for example, the restriction, for example, prevention, of
the displacement of the driver 450, relative to the extendible arm 432, along the second axis
792, is due to the friction between the rotatable components 778 of the prime mover 772 and

the transmission component 776.

[00512] In some embodiments, for example, the restriction, for example, prevention, of
the displacement of the driver 450, relative to the extendible arm 432, along the second axis
792, is effected by the application of a restriction force or prevention force by the prime mover
772 to the rotatable components 778, to restrict or prevent rotation of the rotatable components
778, such that the rotatable components 778 is not rotatable, relative to the transmission

component 776.

[00513] In some embodiments, for example, the object supporter is configured to support

the object and another object in a side by side configuration.

[00514] In some embodiments, for example, the robot 110 is configured for co-operation
with a pre-existing object 800 and an object supporter 801, wherein the pre-existing object 800
is being supported by the object supporter 801, for emplacing a robot-manipulatable object 802,
relative to the supported pre-existing object 800, such that the robot-manipulatable object 802
becomes supported by the object supporter in a side-by-side relationship with the pre-existing
object 800.

[00515] In some embodiments, for example, the emplacing includes:

[00516] while the end effector 440 is disposed in the object distribution ready
configuration, as depicted in Figure 79, and grasping the robot-manipulatable object 802, such
that a grasped robot-manipulatable object 802 is established, transitioning the object

manipulator 430 to, in sequence, the alignment ineffective configuration, as depicted in Figure

97



WO 2022/104464 PCT/CA2021/051632

80, the alignment effective configuration, as depicted in Figure 81,, and the object

emplacement/removal effective configuration, as depicted in Figure 82; and

[00517] while the object manipulator 430 is disposed in the object
emplacement/removal effective configuration, releasing the grasped robot-manipulatable object
802, with effect that the robot-manipulatable object 802 becomes supported on the object

supporter in a side-by-side relationship with the supported pre-existing object 800.

[00518] In some embodiments, for example, the supported pre-existing object 800 is

disposed such that:

[00519] while the object manipulator 430 is disposed in the alignment ineffective
configuration, the supported pre-existing object 800 is effective for interfering with an extension

of the extendible arm 432, and

[00520] while the object manipulator 430 is disposed in the alignment effective
configuration, there is an absence of interference, by the supported pre-existing object 800, for

interfering with an extension of the extendible arm 432.

[00521] In some embodiments, for example, the interference, to an extension of the
extendible arm 432, by the supported pre-existing object 800, is with effect that the object
manipulator 430 collides with the supported pre-existing object 800.

[00522] In some embodiments, for example, disposition of the supported pre-existing
object 800 is such that, the emplacement of the robot manipulatable object 802, relative to the
supported pre-existing object 800, such that the robot manipulatable object 802 is supported by
the object supporter in a side-by-side relationship with the supported pre-existing object 800, the
minimum spacing distance between opposing sides of the supported robot manipulatable object

802 and the supported pre-existing object 800 is less than two (2) inches.

[00523] In some embodiments, for example, the robot 110 is configured for co-operation
with a target object (e.g. a robot manipulatable object 802 that has been emplaced on the object
supporter 801), an adjacent object (e.g. a pre-existing object 800), and an object supporter 801
for removing the target object, wherein the target object and the adjacent object are being
supported by the object supporter 801 and disposed in a side-by-side relationship, wherein the

removing includes:
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[00524] while the object manipulator 430 is disposed in the object emplacement/removal
effective configuration, grasping the target object with the end effector 440, such that a grasped

robot-manipulatable object is established;

[00525] while the object manipulator 430 is disposed in the object emplacement/removal
effective configuration and the end effector 440 is grasping the target object, transitioning the
object manipulator 430 to, in sequence, the alignment effective configuration, the alignment

ineffective configuration, and the object distribution ready configuration;
[00526] wherein:

[00527] while the object manipulator 430 is disposed in the alignment effective
configuration, the co-operative disposition of the extendible arm 432 and the grasped robot-
manipulatable object is effective for interfering with the displacement of the driver 450, relative
to the base 302, and along the third axis 794; and

[00528] while the object manipulator 430 is disposed in the alignment ineffective
configuration, the extendible arm 432 and the grasped robot-manipulatable object are co-
operatively disposed such that there is an absence of interference to the displacement of the
driver 450, relative to the base 302, and along the third axis 794.

[00529] In some embodiments, for example, the minimum spacing distance between

opposing sides of the target object and the adjacent object is less than two (2) inches.

[00530] In some embodiments, for example, the object manipulator 430, which includes
the object emplacement/removal tool 421 and the end effector 440, is coupled to the housing
422 such that the displacement of the object manipulator 430, along the first axis 790, for

example, the longitudinal axis, relative to the base 302, is effectible.

[00531] As depicted in Figure 77 and Figure 78, the object manipulator 430, in particular,
the base arm segment 434 of the extendible arm 432 of the object manipulator 430, is coupled
to a vertical displacement mechanism 920 (which, as described greater detail below, is
configured to vertically displace the object manipulator 430, relative to the robot-defined object
supporter 502, wherein said vertical displacement is independent of the vertical displacement of
the object manipulator 430 effectible by the lift mechanism 340), and the vertical displacement

mechanism 920 is coupled to blocks 810, which is operably coupled to the housing 422.
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[00532] In some embodiments, for example, the coupling of the object manipulator 430 to
the vertical displacement mechanism 920 is such that the extendible arm 432 is longitudinally
displaceable with the vertical displacement mechanism 920. In some embodiments, for
example, the coupling of the vertical displacement mechanism 920 to the blocks 810 is such
that the vertical displacement mechanism 920 is longitudinally displaceable with the blocks 810.
In some embodiments, for example, the coupling of the blocks 810 to the housing 422 is such
that the blocks 810 are longitudinally displaceable, relative to the housing 422. Accordingly,
while the blocks 810 are longitudinally displaced, relative to the housing 422, the coupling of
vertical displacement mechanism 920 to the blocks 810, and the coupling of the extendible arm
432 to the vertical displacement mechanism 920, is such that the vertical displacement
mechanism 920 and the extendible arm 432 are longitudinally displaced, relative to the housing
422.

[00533] In some embodiments, for example the object transitioning apparatus 420
includes an actuator configuration 820 to effect the longitudinal displacement of the blocks 810,

relative to the housing 422.

[00534] In some embodiments, for example, the actuator configuration 820 includes a
prime mover 822, for example, a motor, for example, an electric motor, that is disposed in
operable communication with the blocks 810. In some embodiments, for example, as depicted

in Figure 86 and Figure 88, the prime mover 822 is mounted to the housing 422. The prime
mover 822 is configured to generate a displacement force that is applicable to the blocks 810 for
longitudinally displacing the blocks 810, relative to the housing 422. In response to application
of the displacement force from the prime mover 822 to the blocks 810, the blocks 810 are

longitudinally displaced, relative to the housing 422.

[00535] In some embodiments, for example, the prime mover 822 is configurable in a first
direction displacement drive state and a second direction displacement drive state. In some
embodiments, for example, while the prime mover 822 is disposed in the first direction
displacement drive state, the displacement force applied to the drive blocks 810 has first
direction, for example, the forward direction, such that the drive blocks 810 are displaced in the
first direction, relative to the housing 422, and along the longitudinal axis, in response to
application of the displacement force to the blocks 810. In some embodiments, for example,
while the prime mover 822 is disposed in the second direction displacement drive state, the

displacement force applied to the blocks 810 has a second direction that is opposite the first
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direction, for example, the rearward direction, such that the blocks 810 is displaced in the
second direction, relative to the housing 422, and along the longitudinal axis, in response to

application of the displacement force to the blocks 810.

[00536] In some embodiments, for example, the prime mover 822 is disposed in data
communication with the controller 202 and further disposed in electrical communication with the
battery, for example, via electrical and data cable 824, which is disposed in electrical and data
communication with the electrical and data connectors 428, for actuation of the prime mover
822 in the first direction displacement drive state and the second direction displacement drive
state, via control commands from the controller 202. While the cables 390 and 392 are
disposed in electrical and data communication with the electrical and data connectors 428, the
prime mover 822 is disposed in data communication with the controller 202 and also disposed in

electrical communication with the battery of the robot 110.

[00537] In some embodiments, for example, the actuator configuration 820 includes a
transmission configuration 826 to effect the operable communication between the prime mover
822 and the blocks 810. The transmission configuration 826 is disposed in the housing 422. In
some embodiments, for example, the transmission configuration 826 includes a transmission
component 828, for example, a drive belt, a chain, a cable and the like, and block connectors
829, for example, plates that are connected to the blocks 810, for example, via mechanical
fasteners. The prime mover 822 is disposed in operable communication with the blocks 810 via
the transmission component 828 and the block connectors 829, such that the displacement
force generated by the prime mover 822 is applied to the blocks 810 via the transmission
component 828 and the block connectors 829. The displacement force generated by the prime
mover 822 is transferable to the blocks 810 via the transmission component 828 and the block
connectors 829. In response to application of the displacement force by the prime mover 822 to

the blocks 810, the blocks 810 are longitudinally displaced, relative to the housing 422.

[00538] In some embodiments, for example, while the vertical displacement mechanism
920 is connected to the blocks 810, and while the object manipulator 430 is connected to the
vertical displacement mechanism 920, in response to application of the displacement force by
the prime mover 822 to the blocks 810, the object manipulator 430 is longitudinally displaced,

relative to the housing 422.
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[00539] In some embodiments, for example, the longitudinal displacement of the blocks
810, relative to the housing 422, is also a longitudinal displacement of the blocks 810, relative to
the base 302, for example, while the object transitioning apparatus 420 is coupled to the base
302 via the lift mechanism 340.

[00540] In some embodiments, for example, the longitudinal displacement of the object
manipulator 430, relative to the housing 422, is also a longitudinal displacement of the object
manipulator 430, relative to the base 302, for example, while the object transitioning apparatus
420 is coupled to the base 302 via the lift mechanism 340.

[00541] In some embodiments, for example, as depicted in Figure 84, the object
transitioning apparatus 420 includes guides 830, for example, guide tracks, that are mounted to
the blocks 810, for guiding the longitudinal displacement of the guide blocks 810, relative to the
housing 310.

[00542] In some embodiments, for example, the blocks 810 are configurable in a
retracted configuration, as depicted in Figure 83, and an extended configuration, as depicted in
Figure 84. While the blocks 810 are disposed in the retracted configuration, the blocks 810 are
retracted into the housing 422. While the blocks 810 are disposed in the extended
configuration, at least a portion of the blocks 810 are longitudinally extended, relative to the
housing 422.

[00543] In some embodiments, for example, the housing 422 is configured to be
sufficiently large for disposition of the blocks 810 within the housing 422 while the blocks 810
are configured in the retracted configuration. In some embodiments, for example, by increasing
the size of the housing 422, in particular, by increasing the size of the cross-section of the
housing 422 taken along the vertical axis, the moment of inertia taken along the vertical axis is
increased, which increases the rigidity of the housing 422 to resist against torque applied to the
housing 422, for example, from reaction force due to friction applied to a grasped object being

moved by the object manipulator 430.

[00544] In some embodiments, for example, the ability of the object manipulator 430 to
transition between the alignment ineffective configuration and the alignment effective
configuration, while removing an object from an object supporter or emplacing an object on the
object supporter, allows the objects on the object supporter to be placed closer together. In

some embodiments, for example, the minimum spacing distance between opposing sides of the
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target object and the adjacent object is less than two (2) inches. Without the ability for the
object manipulator 430 to transition between the alignment ineffective configuration and the
alignment effective configuration, the objects on the object supporter may have to be spaced
further apart to defeat: (i) the interference of the extension of the extendible arm 432 by the
supported pre-existing object, and (ii) the interference of the displacement of the driver 450,
relative to the base, by the grasped robot manipulatable object. In some embodiments, for
example, the ability of the object manipulator 430 to transition between the alignment ineffective
configuration and the alignment effective configuration allows more objects to be stored on the
object supporter, which more efficiently uses the supporting surface of the object supporter and

also increases the space efficiency of the site 102.

[00545] In operation, the controller 202 receives a command from a client computing
device 120 via the server 114 to retrieve a target object 900 from an object supporter in a target
area of the warehouse, and move the object to a desired location of the warehouse, such as a

loading zone 112.

[00546] Based on the data representative of the target area of the warehouse in which
the object is located, the controller 202 determines a path to the target area from the current
location of the robot 110, and the robot 110 moves to the target area. VWhile moving to the
target area, the robot 110 detects nearby objects via the optical sensors 490 and proximity

sensors to avoid collision.

[00547] As the robot 110 enters the target area, the optical sensors 490 collect data
representative of: (i) the dimension of the objects on the object supporters, including the
dimension of the surface of the objects facing the optical sensors 490, and (ii) the labels on the
objects. In some embodiments, for example, the robot 110 turns on one or more of its lighting
components, such as one or more LED lights, for illuminating the field of view (FOV) of the

optical sensors 490.

[00548] In some embodiments, for example, the object transitioning apparatus 420 is
vertically displaced, for example, elevated, relative to the base 302, such that objects disposed
at object supporters of higher elevation become disposed within the field of view of the optical
sensors 490. In some embodiments, for example, the telescoping arm is laterally extended,
relative to the base 302, for example, to the left or right direction, such that objects disposed in

deeper portions of the object supporters become within the field of view of the optical sensors
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490. In some embodiments, for example, the driver 450 is laterally displaced, relative to the
telescoping arm, and relative to the base 302, for example, to the left or right direction, such that
objects disposed in deeper portions of the object supporters become within the field of view of

the optical sensors 490.

[00549] In some embodiments, for example, based on the data from the optical sensors
490, the controller 202 defines a bounding box 904 around the objects 900, for example, via a
suitable algorithm such as a single-shot detector (SSD) algorithm. In some embodiments, for
example, the controller 202, for example, the Al engine 224, defines a bounding box 906 around
the labels of the objects 900.

[00550] Based on the data collected by the optical sensors 490 representative of the
labels on the objects, the controller 202, for example, the Al engine 224, identifies each of the
objects, and determines that one of the identified objects is the target object 900. As depicted,

the target object 900 is disposed on the right side of the robot 110.

[00551] After identifying the target object 900, based on the data collected by the optical
sensors 490 representative of the dimensions of the object 900, the controller 202, for example,
the Al engine 224, determines the dimensions of the object 900, the distance between the

object 900 and the object manipulator 430, the relative position of the object 900 and the object

manipulator 430,

[00552] Based on the bounding box 904, the controller 202 determines a desirable
surface portion of the object 900, for example, the center of the surface of the object 900 facing
the optical sensors 490, for grasping by the grasping configuration 460 of the end effector 440,

for example, suction cups 462.

[00553] Based on the position of the robot 110, in particular, the object manipulator 430,
relative to the object 900, the controller 202 determines: (i) the vertical displacement of the
object transitioning apparatus 420, relative to the base 302, for positioning the robot-defined
object supporter 502 at the same elevation as the object supporter on which the object 900 is
supported; (ii) the lateral displacement of the telescoping arm, relative to the base 302, and the
lateral displacement of the driver 450, relative to the telescoping arm, to laterally displace the
end effector 440 for grasping the object; (iii) the longitudinal displacement of the object
emplacement/removal tool 421, relative to the base 302, in the first direction, and the

longitudinal displacement of suction cups 462, in the second direction opposite the first
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direction, to effect the extension of the telescoping arm without colliding with a pre-existing
object 902 on the object supporter; (iv) the longitudinal displacement and vertical displacement
of the suction cups 462, relative to the driver 450, for grasping the desirable surface portion of
the object 900. Based on said determinations by the controller 202, the position of the robot
110, relative to the object 900, can be adjusted, via movement of the robot 110, relative to the
object 900, by the base 302, such that the object 900 is graspable by the object manipulator
430.

[00554] At this point, the robot 110 is anchored to the floor of the warehouse via the

anchor configuration 510.

[00555] With the robot 110 anchored to the floor, the object transitioning apparatus 420 is
vertically displaced, relative to the base 302, via the lift mechanism 340 such that the robot-
defined object supporter 502 is disposed at the same elevation as the object supporter on which

the object 900 is supported.

[00556] Based on the identification of the desirable surface portion of the object 900 for
grasping by the suction cups 462, the longitudinal and vertical positions of the suction cups 462,
relative to the driver 450, are adjusted, via longitudinal and vertical displacement of the suction
cups 462, relative to the driver 450, by the actuator configuration 480 and the actuator
configuration 470, respectively, such that the suction cups 462 are positioned, relative to the

object 900, for grasping the desirable surface portion of the object 900.

[00557] At this point, the object manipulator 439 is disposed in the object distribution

ready configuration, as depicted in Figure 89 to Figure 91.

[00558] To grasp the object 900, in some embodiments, for example, the driver 450 is
laterally displaced, in the right direction, relative to the terminal arm segment 438, until the driver
450 is disposed at the terminal right end of the terminal arm segment 438. At this point, the
object manipulator 430 is disposed in the alignment ineffective configuration, as depicted in

Figure 92 to Figure 94.

[00559] To clear the interference of the extension of the telescoping arm by the pre-
existing object 902, the object emplacement/removal tool 421 is displaced longitudinally in a first
direction (e.g. a forward direction), relative to the base 302, by the actuator configuration 820.

In some embodiments, for example, the suction cups 462 are longitudinally displaced, in a
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second direction opposite the first direction, (e.g. a rearward direction) relative to the driver 450,
by the actuator configuration 480, such that there is an absence of displacement of the suction
cups 462, relative to the base 302, and such that the suction cups 462 continue to be disposed,

relative to the object 900, for grasping the desirable surface portion of the object 900.

[00560] At this point, the object manipulator 430 is disposed in the alignment effective
configuration, as depicted in Figure 95 to Figure 97. While the object manipulator 430 is
disposed in the alignment effective configuration, the telescoping arm is laterally extendible

towards the object 900, as depicted in Figure 98 to Figure 100.

[00561] In some embodiments, for example, the robot-defined object supporter 502 is
displaced laterally, relative to the base 302, in the right direction, towards the object supporter
on which the object 900 is supported, such that the minimum spacing distance between the

robot-defined object supporter 502 and the object supporter is reduced.

[00562] At this point, the telescoping arm is laterally extended to displace the suction
cups 462 towards the object 900. In some embodiments, for example, the lateral displacement
of the driver 450, relative to the terminal arm segment 438, is restricted or prevented, such that
the driver 450 and suction cups 462 are laterally displaced towards the object 900 via lateral

extension of the telescoping arm.

[00563] In some embodiments, for example, the speed of the lateral extension of the
telescoping arm is controlled based on object distance data collected from the optical sensors

490 and displacement transducers 498.

[00564] While the suction cups 462 becomes disposed within a threshold distance of the
surface of the object, for example, within 2 inches, for example, 2.2 inches, the controller 202
sends a control command to the pump 464 and the valve block 466 to blow air out of the suction

cups 462 to clean the surface of the object 900.

[00565] Then, the controller 202 sends a control command to the pump 464 to operate in
an air suction mode to suction the air from the suction cups 462, for suctioning the surface of
the object 900 by the suction cups 462. In some embodiments, for example, the controller 202
sends a control command to the valve block 466 to control which of the suction cups 462 is
suctioning. In some embodiments, for example, based on the determination of the dimension of

the object 900 by the controller 202, the controller 202 determines that some of the suction cups
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462 is unable to become disposed in contact engagement with the surface of the object 900,
and based on said determination, the controller 202 sends a control command to the valve block
466 such that only the suction cups 462 that are able to become disposed in contact

engagement with the surface of the object 900 has suction.

[00566] While the telescoping arm and the suction cups 462 continue to extend towards
the object 900, the controller 202 monitors the suction pressure via the vacuum sensors of the
object manipulator 430, and also monitors the distance between the suction cups 462 and the
object 900 via the optical sensors 490 and displacement transducers 498, to determine if one or
more suction cups 462 are disposed in contact engagement with, and suctioning, the object
900. In some embodiments, for example, an increase in suction pressure, for example, to a
threshold pressure, at a suction cup 462 is indicative of the suction cup 462 becoming disposed
in contact engagement with the object 900 and suctioning the object 900. In some
embodiments, for example, the disposition of a suction cup 462 within a threshold distance of
the object 900, is indicative of the suction cup 462 becoming disposed in contact engagement
with the object 900.

[00567] In response to determination by the controller 202 that the suction cups 462 are

suctioning the object 900, the lateral extension of the telescoping arm is stopped.

[00568] At this point, the object manipulator 430 is disposed in the object

emplacement/removal effective configuration, as depicted in Figure 101 to Figure 103.

[00569] With the object 900 grasped by the suction cups 462, the telescoping arm is
retracted to transition the object manipulator 430 from the object emplacement/removal effective

configuration to the alignment effective configuration, as depicted in Figure 104 to Figure 106.

[00570] Then, the object emplacement/removal tool 421 is longitudinally displaced, in the
second direction (e.g. rearward direction), by the actuator configuration 820, and the suction
cups 462 are longitudinally displaced in first direction (e.g. a forward direction), relative to the
driver 450, by the actuator configuration 480, to transition the object manipulator 430 from the
alignment effective configuration to the alignment ineffective configuration, as depicted in Figure
107 to Figure 109. In some embodiments, for example, the longitudinal displacement of the
object emplacement/removal tool 421 in the second direction and the longitudinal displacement
of the suction cups 462 in the first direction occurs simultaneously, such that there is an

absence of longitudinal displacement of the suction cups 462, relative to the base 302, and such
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that there is an absence of longitudinal displacement of the object 900, relative to the base 302,
while the object 900 is grasped by the suction cups 462. In some embodiments, for example,
such longitudinal displacement of the object 900, relative to the base 302, may effect collision of

the object 900 with a pre-existing object on the object supporter.

[00571] As depicted, while the object manipulator 430 is disposed in the alignment
ineffective configuration, there is an absence of interference of lateral displacement of the object

900 towards the robot-defined object supporter 502 by the telescoping arm.

[00572] At this point, the telescoping arm is further laterally retracted, and the driver 450
is laterally displaced, in the second direction, for example, the left direction, to emplace the
object on the robot defined object supporter 502, as depicted in Figure 110 to Figure 112. The
lateral displacement of the object 900 is facilitated by the reduction in minimum spacing

between the robot defined object supporter 502 and the object supporter.

[00573] In some embodiments, for example, as the object 900 is being laterally displaced
from the object supporter to the robot-defined object supporter 502 for emplacement of the
object on the robot-defined object supporter 502, the robot-defined object supporter 502 is

laterally displaced to the retracted configuration, as depicted in Figure 105 and Figure 108.

[00574] In some embodiments, for example, the controller 202 monitors the suction
pressure as the telescoping arm is being retracted. If the suction pressure of a suction cup 462
is reduced, for example, suddenly reduced (e.g., lower than a predefined pressure threshold),
the controller 202 adjusts the suction pressures of other suction cup(s) to maintain a suitable

grasping force applied to the object 900.

[00575] In some embodiments, for example, controller 202 monitors the resistance to the
lateral retraction of the telescoping arm, which is indicative of interference to lateral
displacement of the object 900 towards the robot-defined object supporter 502 (e.g. the object
900 is stuck). In some embodiments, for example, wherein there is interference to the lateral
displacement of the object 900 towards the robot defined object supporter 502, the controller
202 sends a control command to the actuator configuration 480 and the actuator configuration
470 to effect minor vertical and longitudinal displacement of the suction cups 462 and the object
900 to overcome the interference. In some embodiments, the controller 202 further sends a
control command to the actuator 820 to effect minor longitudinal displacement of the object

emplacement/removal tool 421 to overcome the interference.
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[00576] With the object emplaced on the robot defined object supporter 502, the
controller 202 sends a control command to the pump 464 to turn off the pump 464, such that
there is an absence of suction at the suction cups 462. This effects the release of the grasping
of the object 900 by the suction cups 462, with effect that the object 900 becomes supported by
the robot-defined object supporter 502.

[00577] With the object 900 supported by the robot-defined object supporter 502, the lift

mechanism 340 becomes disposed to the retracted configuration.

[00578] At this point, the controller 202 sends a control command to the anchoring
configuration 510 to dispose the anchoring configuration 510 in the anchoring-ineffective state,
and the base 302 moves the robot 110 to a desired location of the warehouse to move the

object 900 to said desired location of the warehouse, such as a loading zone.

[00579] As depicted in Figure 89, the target object 900 to be retrieved is disposed to the
right of the robot 110. In some embodiments, for example, the target object 900 to be retrieved
can be disposed to the left of the robot 110 and can be retrieved by the robot 110 in a similar

manner

[00580] In some embodiments, for example, the controller 202 receives a control
command from a client computing device 120 via the server 114 to store a target object 900 on

an object supporter in a target area of the warehouse.

[00581] In some embodiments, for example, the server computer 114 determines the
target area in the warehouse based on, for example, the inventory rules, and send the control
command to the robot 110. In some embodiments, for example, the robot 110 grasps the target
object 900 from a loading zone 112, for example, via the object manipulator 430, and is
emplaced on the robot-defined object supporter 502, and the robot 110 moves the object 900 to
the target area of the warehouse along a calculated path. In some embodiments, for example,

the object 900 is placed on the robot-defined object supporter 502 by an operator.

[00582] While the object 900 is supported on the robot-defined object supporter 502, the
optical sensors 490 collect data representative of the shape and dimensions of the object 900,
including the shape and dimensions of the surface of the object that is 900 opposing the optical

sensors 490.
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[00583] As the robot 110 enters the target area, the optical sensors 490 collect data
representative of the object supporters, the objects on the supporters, and available storage
space on the object supporters. In some embodiments, for example, the robot 110 turns on one
or more of its lighting components, such as one or more LED lights, for illuminating the field of

view (FOV) of the optical sensors 490.

[00584] Based on the data collected from the optical sensors 490, the controller 202, for
example, the Al engine 224, identifies and locates the empty spaces 910, and defines a
boundary box 912 around each of the empty spaces 910, using a suitable algorithm such as a
SSD algorithm.

[00585] Based on the bounding box 912, the dimensions of each empty space 910 are
determined by the controller 202, and compared with the dimensions of the object 900, for
example, the dimension of the surface of the object 900 facing the optical sensors 490. The
controller 202 identifies an empty space 910 that is able to receive the object 900, based on the
comparison of the dimensions of the object 900 and the dimensions of the space 910. In
response to identification of the suitable empty space 910 suitable for receiving the object 900,
the object 900 is moved from the robot defined object supporter 502 to the object supporter, in
particular, moved into the empty space 910, via a process similar (but reversed) to that
described with respect to retrieving the object 900 from the object supporter disposed forwardly

of the robot defined object supporter 502.

[00586] In some embodiments, for example, the object manipulator 430 is vertically
displaceable, relative to the robot defined object supporter 502, as depicted in Figure 113 and
Figure 114. In some embodiments, for example, as depicted in Figure 40 and Figure 41, the
object manipulator 430 is disposed in a first vertical position, relative to the robot-defined object
supporter 502, and as depicted in Figure 113 and Figure 114, the object manipulator 430 is
disposed in a second vertical position, relative to the robot-defined object supporter 502,
wherein the second vertical position is elevated relative to the first vertical position. In some
embodiments, for example, as depicted in Figure 115A and Figure 115B to Figure 116A and
Figure 116B, after grasping an object 900 from a first object supporter 914, disposed on a first
side of the robot 110, for example, the right side of the robot 110, and emplacing the object 900
on the robot-defined object supporter 502, instead of lowering the object transitioning apparatus
420 and moving the object to another location in the warehouse, the object can be displaced

from the robot-defined object supporter 502 to a second object supporter 916, disposed at the
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same elevation as the first object supporter 914 and on a second side of the robot 110 that is
opposite the first side, for example, the left side of the robot 110. In some embodiments, for
example, this reduces the time for emplacing the object retrieved from the first object supporter

914 on the second object supporter 916.

[00587] In some embodiments, for example, as depicted in Figure 113, the end effector
440 includes a first grasping configuration 460A, disposed on a first side, for example, a right
side, of the end effector 440, and a second grasping configuration 460B, disposed on a second
side of the end effector 440 that is opposite the first side, for example, a left side, of the end
effector 440.

[00588] In some embodiments, for example, while the object 900 is supported by the
robot-defined object supporter 502, the object manipulator 430 is configurable in a first
configuration, as depicted in Figure 117A and Figure 117B, a second configuration, as depicted
in Figure 118A and Figure 118B, a third configuration, as depicted in Figure 121A and Figure
121B, and a fourth configuration, as depicted in Figure 122A and Figure 122B.

[00589] In the first configuration, a first side, for example, a left side, of the supported
object 900 is grasped by the first grasping configuration 460A, such that the end effector 440 is
coupled to the first side of the supported object 900. As depicted in Figure 117A and Figure
117B, the driver 450 is disposed to the left of the object 900 and at the same elevation as the
object 900.

[00590] In the second configuration, there is an absence of coupling between the end
effector 440 and the supported object, and the first grasping configuration 460A and the first
side of the supported object 900 are disposed in opposing relationship. As depicted in Figure
118A and Figure 118B, the grasping of the object 900 by the grasping configuration 460A is
absent, such that there is an absence of coupling between the end effector 440 and the
supported object. As depicted, the driver 450 is disposed to the left of the object 900 and at the

same elevation as the object 900.

[00591] In the third configuration, there is an absence of coupling between the end
effector 440 and the supported object 900, and the second grasping configuration 460B and a
second side of the supported object 900, for example, the right side of the object 900, are
disposed in opposing relationship, wherein, relative to the first side, the second side of the

supported object is disposed on an opposite side of the supported object 900. As depicted in
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Figure 121A and Figure 121B, the grasping of the object 900 by the grasping configuration
460B is absent, such that there is an absence of coupling between the end effector 440 and the
supported object 900. As depicted, the driver 450 is disposed to the right of the object 900 and

at the same elevation as the object 900.

[00592] In the fourth configuration, the second side of the supported object 900 is
grasped by the second grasping configuration 460B, such that the end effector 440 is coupled to
the second side of the supported object 900. As depicted in Figure 122A and Figure 122B, the
driver 450 is disposed to the right of the object 900 and at the same elevation as the object 900.

[00593] In some embodiments, for example, the object manipulator 430 is:transitionable
from the first configuration to the second configuration, transitionable from the second
configuration to the third configuration, and transitionable from the third configuration to the

fourth configuration.

[00594] In some embodiments, for example, the transition from the second configuration

to the third configuration is with effect that the end effector 440 clears the supported object 900.

[00595] In some embodiments, for example, the transitioning from the second
configuration to the third configuration is with effect that the end effector 440 is vertically
displaced during the transitioning. In some embodiments, for example, said vertical

displacement of the end effector 440 is relative to the robot-defined object supporter 502.

[00596] In some embodiments, for example, the transitioning from the second

configuration to the third configuration includes:

[00597] an upwardly displacement of the end effector 440, with effect that the end

effector 440 becomes emplaced above the supported object 900;

[00598] while the end effector 440 is emplaced above the supported object 900, a lateral
displacement of the end effector, with effect that the end effector 440 traverses the supported
object 900;

[00599] after the traversing of the supported object 900 by the end effector, a downwardly

displacement of the end effector 440.
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[00600] In some embodiments, for example, the extendible arm 432 is vertically
displaceable, relative to the robot-defined object supporter 502, and the vertical displacement of
the end effector 440 during transition of the object manipulator 430 from the second
configuration to the third configuration is effected by vertical displacement of the extendible arm

432, relative to the robot-defined object supporter 502.

[00601] In some embodiments, for example, the lateral displacement of the end effector
440, for effecting the transition of the object manipulator 430 from the second configuration to
the third configuration, is lateral displacement of the end effector 440, relative to the robot-
defined object supporter 502, the lateral displacement effectible in response to extension or

retraction of the extendible arm 430.

[00602] In some embodiments, for example, an end effector actuator configuration, for
example, the actuator configuration 660, is disposed in operable communication with the end
effector 440. The end effector 440 is coupled to the extendible arm 432, such that the end
effector 440 is displaceable laterally, relative to the extendible arm 432, in response to actuation
by the end effector actuator configuration 660. In some embodiments, for example, the lateral
displacement of the end effector 440, for effecting the transition of the object manipulator 430
from the second configuration to the third configuration, is lateral displacement of the end

effector 440, relative to the extendible arm 432.

[00603] In some embodiments, for example, the lateral displacement of the end effector
440, relative to the extendible arm 432, effectible in response to actuation by the end effector
actuator configuration 660, is independent of displacement of the end effector 440, in response

to extension or retraction of the extendible arm 432.

[00604] While the robot 110 is disposed between a first object supporter 914 and second
object supporter 916, wherein the first object supporter 914 defines a first supporting surface
915, the second object supporter 916 defines a second supporting surface 917, and the first and

second supporting surfaces are disposed at the same elevation,

[00605] and while one of the first and second grasped configurations 460 is grasping an

object on the first object supporter 914 such that the grasped object is established:
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[00606] the object manipulator 430 is emplaceable in the first configuration in response to
displacement of the object 900, by the object manipulator 430 from the first object supporter 914
to the robot-defined object supporter 502, as depicted in Figure 117A and Figure 117B;

[00607] and while the object manipulator 430 is disposed in the fourth configuration, the
supported object is displaceable, by the object manipulator 430, from the robot-defined object
supporter 502, to the second object supporter 916 for supporting of the object by the second
supporting surface 917, as depicted in Figure 122A and Figure 122B.

[00608] In some embodiments, for example, as depicted in Figure 120A and Figure
120B, the robot-defined object supporter 502 is displaced laterally towards the second object
supporter 916 to reduce the minimum spacing distance between the robot-defined object
supporter 502 is displaced laterally towards the second object supporter 916 to facilitate
displacement of the supported object by the object manipulator 430, from the robot-defined

object supporter 502, to the second object supporter 916.

[00609] In some embodiments, for example, the object manipulator is configurable in a
fifth configuration, as depicted in Figure 119A and Figure 119B, and a sixth configuration, as
depicted in Figure 120A and Figure 120B.

[00610] In the fifth configuration, there is an absence of coupling between the end
effector 440 and the supported object 900, and the first grasping configuration 460A and the first
side of the supported object 900 are disposed in opposing relationship. As depicted in Figure
119A and Figure 119B, the grasping of the object 900 by the grasping configuration 460A is
absent, such that there is an absence of coupling between the end effector 440 and the
supported object 900. As depicted, the end effector 440 is disposed to the left of the object 900
and the extendible arm 432, the driver 450, and the end effector 440 are disposed above the
object 900.

[00611] In the sixth configuration, there is an absence of coupling between the end
effector 440 and the supported object 900, and the first grasping configuration 460B and the
second side of the supported object 900 are disposed in opposing relationship. As depicted in
Figure 120A and Figure 120B, the grasping of the object 900 by the grasping configuration
460B is absent, such that there is an absence of coupling between the end effector 440 and the
supported object 900. As depicted, the end effector 440 is disposed to the left of the object 900
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and the extendible arm 432, the driver 450, and the end effector 440 are disposed above the
object 900.

[00612] In some embodiments, for example, the object manipulator 430 is transitionable
from the second configuration to the fifth configuration, from the fifth configuration to the sixth

configuration, and from the sixth configuration to the third configuration.

[00613] In some embodiments, for example, the transitioning from the second
configuration to the fifth configuration includes an upwardly displacement of the object
manipulator 430, relative to the robot defined object supporter 502, with effect that the end

effector 440 becomes emplaced above the supported object.

[00614] In some embodiments, for example, the transitioning from the fifth configuration
to the sixth configuration includes a lateral displacement of the end effector 440, relative to the

extendible arm 432, with effect that the end effector traverses the supported object 900.

[00615] In some embodiments, for example, the transitioning from the sixth configuration
to the third configuration includes a downwardly displacement of the object manipulator 430,

relative to the robot defined object supporter 502.

[00616] The vertical displacement of the end effector 440, to transition the object
manipulator from the second configuration to the third configuration, is effected by vertical
displacement of the object manipulator 430, which includes the extendible arm 432, the driver
450, and the end effector 440. In some embodiments, for example, said vertical displacement

of the object transitioning apparatus 420 is relative to the robot-defined object supporter 502.

[00617] The vertical displacement of the object manipulator 430, relative to the robot-
defined object supporter 502, is effectible by a vertical displacement mechanism 920 of the
object transitioning apparatus 420. The vertical displacement mechanism 920 includes a frame
922 that is coupled to the blocks 810, an intermediate plate 924, and an end plate 926 that is
coupled to the extendible arm 432, for example, to the base arm segment 434 of the extendible
arm 432, wherein the intermediate plate 924 is disposed between the frame 922 and the end
plate 926.

[00618] The coupling of the frame 922 to the blocks 810 is such that the frame 922 is
longitudinally displaceable with the blocks 810, but the frame 922 is not displaceable relative to
the blocks 810.
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[00619] The coupling of the intermediate plate 924 to the frame 922 is such that the
intermediate plate 924 is longitudinally displaceable with the frame 922, and the intermediate

plate 924 is vertically displaceable, relative to the frame 922.

[00620] The coupling of the end plate 926 to the intermediate plate 924 is such that the
end plate 926 is longitudinally displaceable with the intermediate plate 924, and the end plate

926 is vertically displaceable, relative to the intermediate plate 924.

[00621] The coupling of the object manipulator 430, for example, the base arm segment
434 of the extendible arm 432, to the end plate 926 is such that the object manipulator 430 is
longitudinally and vertically displaceable with the end plate 926, but the object manipulator 430

is not displaceable relative to the end plate 926.

[00622] In some embodiments, for example, the object transitioning apparatus 420
includes an actuator configuration 930, including a prime mover 932, for example, a motor, for
example, an electric motor, and a transmission configuration 934, including a transmission
component 936, for example, a gear, and a rack 938 for actuation of the vertical displacement
mechanism 920. As depicted in Figure 126 and Figure 127, the prime mover 932 and gear 936
are mounted to the frame 922, and the rack 938 is mounted to the intermediate plate 924. In
some embodiments, for example, the prime mover 932 is disposed in electrical and data
communication with the electrical and data connectors 428, for example, via an electrical and
data cable 940. While the data cables 390 and 392 are disposed in electrical and data
communication with the electrical and data connectors 428, the prime mover 932 is disposed in
data communication with the controller 202 and also disposed in electrical communication with
the battery of the robot 110.

[00623] The prime mover 932 is configured to generate a displacement force that is
applicable to the object manipulator 430, for example, to the extendible arm 432, for vertically
displacing the object manipulator 430, relative to the robot defined object supporter 502. In
response to application of the displacement force from the prime mover 932 to the object
manipulator 430, the object manipulator 430 is vertically displaced upwardly or downwardly,

relative to the robot defined object supporter 502.

[00624] In some embodiments, for example, the prime mover 932 is configurable in a first
direction displacement drive state and a second direction displacement drive state. In some

embodiments, for example, while the prime mover 932 is disposed in the first direction
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displacement drive state, the displacement force applied to the object manipulator 430 has a
first direction, for example, an upward direction, such that the object manipulator 430 displaces
vertically upwardly, relative to the robot defined object supporter 502, in response to application
of the displacement force to the object manipulator 430. In some embodiments, for example,
while the prime mover 932 is disposed in the second direction displacement drive state, the
displacement force applied to the object manipulator 430 has a second direction that is opposite
the first direction, for example, a downward direction, such that the object manipulator 430 is
displaced in the second direction, relative to the robot defined object supporter 502, in response

to application of the displacement force to the object manipulator 430.

[00625] In some embodiments, for example, the prime mover 932 is disposed in data
communication with the controller 202 and further disposed in electrical communication with the
battery, for actuation of the prime mover 932 in the first direction displacement drive state and

the second direction displacement drive state, via control commands from the controller 202.

[00626] In some embodiments, for example, the actuator configuration 930 includes the
transmission configuration 934 to effect the operable communication between the prime mover
932 and the object manipulator 430, in particular, between the prime mover 932 and the
intermediate frame 924. In some embodiments, for example, the transmission configuration 934
includes the transmission component 936. The transmission component 936 is disposed in
operable communication with the prime mover 932, for example, via a drive shaft. In some
embodiments, for example, the transmission component 936 is configured to co-operate with
the rack 938 such that force is transferable from the transmission component 936 to the rack
938, and therefore, to the intermediate plate 924. In some embodiments for example, each one
of the transmission component 936 and the rack 938, independently, include threading or teeth
for transferring force from the transmission component 936 to the rack 938. As depicted in
Figure 127, the prime mover 932 is disposed in operable communication with the rack 938 via
transmission component 936, which is connected to the intermediate plate 924, such that the
displacement force generated by the prime mover 932 is applied to the intermediate plate 924
via the transmission component 936 and the rack 938. In this respect, the displacement force
generated by the prime mover 932 is an intermediate plate displacement force. In response to
application of the intermediate plate displacement force from the prime mover 932 to the
intermediate plate 924, the intermediate plate 924 is vertically displaced, relative to the frame
922.
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[00627] In some embodiments, for example, to vertically displace the end plate 926,
relative to the intermediate plate 924, the object transitioning apparatus 420 includes a
transmission configuration 950. The frame 922, the intermediate plate 924, the end plate 926,
the transmission configuration 950 and the actuator configuration 930 are co-operatively
configured such that, in response to application of the intermediate frame displacement force to
the intermediate plate 924 by the actuator configuration 930 to effect the vertical displacement
of the intermediate plate 924, relative to the frame 922, an end plate displacement force is
applied by the transmission configuration 950 to the end plate 926, to effect vertical

displacement of the end plate 926, relative to the intermediate plate 924.

[00628] As depicted in Figure 127, in some embodiments, for example, the transmission
configuration 950 includes a transmission component 952, for example, a drive belt, a chain, a
cable, and the like, and a pulley configuration 954, wherein the pulley configuration 954 includes
two pulleys 956 and 958. The pulleys 956 and 958 are mounted to the intermediate plate 924
with the pulley 956 positioned above the pulley 958, and the transmission component 952 is
looped around the pulleys 956 and 958 and extend between the pulleys 956 and 958 and
disposed in tension, with a first portion 960 of the transmission component 952 connected to the
frame 922, and a second portion 962 of the transmission component 952 connected to the end
plate 926.

[00629] In response to upward vertical displacement of the intermediate plate 924, for
example, in response to application of the intermediate plate displacement force having an
upward vertical direction from the prime mover 932, the pulleys 956 and 958 are displaced
upwards. As the pulley 956 is displaced upwards, the pulley 956 exerts a force on the
transmission component 952, with effect that the transmission component 952 becomes further
disposed in tension. Due to the connection of the transmission component 952 to: (i) the frame
922, which is connected to the blocks 810 such that there is an absence of vertical
displacement of the frame 922 relative to the robot defined object supporter 502, and (ii) the end
plate 926, which is vertically displaceable relative to the intermediate plate 924, as the
transmission component 952 becomes further disposed in tension, the tension in the
transmission component 952 is transferred to the end plate 926 as an end plate displacement
force, having an upward direction. In this respect, as the intermediate plate 924 is displaced
vertically upwards, the transmission component 952 applies the end plate displacement force to

the end plate 926. In response to application of the end plate displacement force to the end
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plate 926, the end plate 926 is displaced, relative to the intermediate plate 924, in the upward

direction.

[00630] Similarly, in response to downward vertical displacement of the intermediate
plate 924, for example, in response to application of the intermediate plate displacement force
having a downward vertical direction from the prime mover 932, the pulleys 956 and 958 are
displaced downwards. As the pulley 958 is displaced downwards, the pulley 958 exerts a force
on the transmission component 952, with effect that the transmission component 952 becomes
further disposed in tension. Due to the connection of the transmission component 952 to: (i) the
frame 922, which is connected to the blocks 810 such that there is an absence of vertical
displacement of the frame 922 relative to the robot defined object supporter 502, and (ii) the end
plate 926, which is vertically displaceable relative to the intermediate plate 924, as the
transmission component 952 becomes further disposed in tension, the tension in the
transmission component 952 is transferred to the end plate 926 as an end plate displacement
force, having a downward direction. In this respect, as the intermediate plate 924 is displaced
vertically downwards, the transmission component 952 applies the end plate displacement force
to the end plate 926. In response to application of the end plate displacement force to the end
plate 926, the end plate 926 is displaced, relative to the intermediate plate 924, in the downward

direction.

[00631] In some embodiments, for example, the vertical displacement mechanism 920
includes more than one transmission configuration 950, for example, two transmission
configurations 950, as depicted in Figure 127. In some embodiments, for example, the two
transmission configurations 950 are disposed, relative to the end plate 926, such that the end
plate displacement forces applied to the end plate 926 by the transmission configurations 950
are balanced about a central vertical axis of the end plate 926. In some embodiments, for
example, the two transmission configurations 950 are disposed on opposite ends of the

intermediate plate 924.

[00632] Figure 124 to Figure 127 depict the vertical displacement mechanism 920 in a
retracted configuration. While the vertical displacement mechanism 920 is disposed in the

retracted configuration, the intermediate plate 924 is disposed in a first position, and the end
plate 926 is disposed in a first position. As depicted, the intermediate 924 and the end plate

926 are disposed at the same elevation.
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[00633] Figure 128 to Figure 131 depict the vertical displacement mechanism 920 in an
extended configuration. While the vertical displacement mechanism 920 is disposed in the
extended configuration, relative to its disposition in the retracted configuration, the intermediate
plate 924 is disposed in a vertical position that is higher than the first position. While the vertical
displacement mechanism 920 is disposed in the extended configuration, relative to its
disposition in the retracted configuration, the end plate 926 is disposed in a vertical position that

is higher than the first position, and is also disposed higher than the intermediate plate 924.

[00634] In some embodiments, for example, the vertical displacement mechanism 920
includes guides 964, for example, guide tracks, for guiding the vertical displacement of the
intermediate plate 924, relative to the frame 922, and also for guiding the vertical displacement

of the end plate 926, relative to the intermediate plate 924.

[00635] In some embodiments, for example, the object transitioning apparatus 420
further includes an object manipulator 970, as depicted in Figure 132 to Figure 142. While the
object manipulator 430 is configured to grasp an object, such that a grasped object is
established, and move the grasped object in a lateral direction, the object manipulator 970 is
configured to grasp an object, such that a grasped object is established, and move the grasped

object in a longitudinal direction (e.g. forward or rearward direction), relative to the base 302.

[00636] The object manipulator 970 is coupled to the robot defined object supporter 502,
such that the object manipulator 970 is laterally displaceable with the robot defined object

supporter 502, relative to the base 302, as depicted in Figure 67 to Figure 74.

[00637] In some embodiments, for example, the object manipulator 970 includes an
object emplacement/removal tool 971. In some embodiments, for example, the
emplacement/removal tool 971 includes a longitudinal displacement mechanism 972. The
displacement mechanism 972 is actuatable for extension and retraction in a longitudinal
direction, relative to the base 302, and also relative to the robot defined object supporter 502. In
some embodiments, for example, the extension and retraction is within a horizontal plane. In
some embodiments, for example, the extension and retraction in the longitudinal direction is

within the horizontal plane.

[00638] In some embodiments, for example, as depicted in Figure 132 to Figure 136, the

displacement mechanism 972 includes two displacement submechanisms 973. The
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displacement submechanisms 973 are disposed on opposite ends of the robot defined object

supporter 502.

[00639] Each one of the displacement submechanisms 973, independently, as depicted
in Figure 133 to Figure 136, includes a rail 974, a slider 976, and a bracket 978, wherein the
slider 976 is disposed between the rail 974 and the bracket 978. The rail 974 is coupled to the
robot defined object supporter 502 such that there is an absence of displacement of the rail 974,
relative to the robot defined object supporter 502. The slider 976 is coupled to the rail 974 such
that the slider 974 is longitudinally displaceable relative to the rail 974. The longitudinal
displacement of the slider 976, relative to the rail 974, is guided by the rail 974. The bracket
978 is coupled to the slider 976 such that the bracket 978 is longitudinally displaceable relative
to the slider 976. The longitudinal displacement of the bracket 978, relative to the slider 976, is
guided by the slider 976.

[00640] Each one of the displacement submechanisms 973, independently, is coupled to
the robot defined object supporter 502 such that the rail 974 is disposed within the robot defined
object supporter 502, and the slider 976 and the bracket 978 are disposed above an object

supporting surface 503 of the robot defined object supporter 502, wherein the object supporting

surface 503 is configured to support an object.

[00641] In some embodiments, for example, the longitudinal displacement mechanism
972 is configurable in a retracted configuration, as depicted in Figure 133, an intermediate
forward configuration, as depicted in Figure 134, an extended configuration, as depicted in

Figure 135, and an intermediate rearward configuration, as depicted in Figure 136.

[00642] In the retracted configuration, the slider 976 is disposed at a rearmost end of the

rail 974, and the bracket 978 is disposed at a rearmost end of the slider 976.

[00643] In the intermediate forward configuration, the slider 976 is disposed at a rearmost

end of the rail 974, and the bracket 978 is disposed at a forwardmost end of the slider 976.

[00644] In the extended configuration, the slider 976 is disposed at a forwardmost end of

the rail 974, and the bracket 978 is disposed at a forwardmost end of the slider 976.

[00645] In the intermediate rearward configuration, the slider 976 is disposed at a
forwardmost end of the rail 974, and the bracket 978 is disposed at a rearmost end of the slider
976.
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[00646] The displacement mechanism 972 is transitionable from the retracted
configuration to the intermediate forward configuration, transitionable from the intermediate
forward configuration to the extended configuration, transitionable from the extended
configuration to the intermediate rearward configuration, and transitionable from the

intermediate rearward configuration to the retracted configuration.

[00647] In some embodiments, for example, the object manipulator 970 includes an
actuator configuration 980 for transitioning the displacement mechanism 972 between the
retracted configuration, intermediate forward configuration, extended configuration, and

intermediate rearward configuration.

[00648] The actuator configuration 980 includes a prime mover 982, for example, a
motor, for example, an electric motor, and a transmission configuration 984, including a
transmission component 986, such as a drive belt, a chain, a cable, and the like, a drive shaft
988, pulleys 990A and 990B, pulleys 992A and 992B, pulleys 994A and 994B, and a
transmission component 996, such as a drive belt, a chain, a cable, and the like. As depicted in
Figure 132, transmission component 986, and drive shaft 988 are disposed in the robot defined
object supporter 502. As depicted in Figure 133, the pulleys 990A and 990B are coupled to the
rail 974, with the pulley 990A disposed forwardly relative to the pulley 990B. As depicted in
Figure 133, the pulleys 992A and 992B are coupled to the slider 976, with the pulley 992A
disposed forwardly relative to the pulley 992B. As depicted in Figure 133, the pulleys 994A and
994B are coupled to the slider 976, with the pulley 994A disposed forwardly relative to the pulley
992B, the pulley 994A disposed forwardly of the pulley 992A, the pulley 994B disposed
rearwardly relative to the pulley 992B. As depicted in Figure 133, the bracket 978 is disposed in
engagement with, for example, gripping engagement, to the transmission component 996,

wherein said engagement is disposed between the pulley 994A and the pulley 994B.

[00649] As depicted in Figure 133, the transmission component 996 is looped around the
pulley 990A, the pulley 990B, the pulley 992B, the pulley 994B, the pulley 994A, the pulley
992A, and back to the pulley 990A.

[00650] In some embodiments, for example, the prime mover 982 is disposed in electrical
and data communication with the electrical and data connectors 428, for example, via electrical
and data cable 998. While the cables 390 and 392 are disposed in electrical and data

communication with the electrical and data connectors 428, the prime mover 982 is disposed in
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data communication with the controller 202 and also disposed in electrical communication with
the battery of the robot 110.

[00651] The prime mover 982 is configured to generate a displacement force that is
applicable to the displacement mechanism 972 for longitudinally displacing the slider 976 and
bracket 978, relative to the base 302. In response to application of the displacement force from
the prime mover 982 to the slider 976 and bracket 978, the slider 976 and bracket 978 are

longitudinally extended or retracted, relative to the base 302.

[00652] In some embodiments, for example, the prime mover 982 is configurable in a first
direction displacement drive state and a second direction displacement drive state. In some
embodiments, for example, while the prime mover 982 is disposed in the first direction
displacement drive state, the displacement force applied to the slider 976 and bracket 978 has a
first direction, for example, a forward direction, such that the slider 976 and bracket 978 are
displaced in the first direction, relative to the base 302, in response to application of the
displacement force to the slider 976 and bracket 978. In some embodiments, for example, while
the prime mover 982 is disposed in the second direction displacement drive state, the
displacement force applied to the slider 976 and bracket 978 has a second direction that is
opposite the first direction, for example, a rearward direction, such that the slider 976 and
bracket 978 are displaced in the second direction, relative to the base 302, in response to

application of the displacement force to the slider 976 and bracket 978.

[00653] In some embodiments, for example, the prime mover 982 is disposed in data
communication with the controller 202 and further disposed in electrical communication with the
battery, for actuation of the prime mover 982 in the first direction displacement drive state and

the second direction displacement drive state, via control commands from the controller 202.

[00654] In some embodiments, for example, the actuator configuration 980 includes the
transmission configuration 984 to effect the operable communication between the prime mover
982 and the displacement mechanism 972, in particular, between the prime mover 982, the
slider 976, and the bracket 978. In some embodiments, for example, the transmission
configuration 984 includes the transmission component 986 and the drive shaft 988. The
transmission component 986 is disposed in operable communication with the prime mover 982,
and the drive shaft 988 is disposed in operable communication with the transmission component

986, such that the prime mover 982 drives rotation of the drive shaft 988 via the transmission
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component 986. The drive shaft 988 is connected to the pulleys 990A of the displacement
submechanisms 973, such that rotation of the drive shaft 988 rotates the pulleys 990A. In this
respect, the drive shaft 988 is a common drive shaft for the displacement submechanisms 973.
Due to the looping of the transmission component 996 around the pulleys 990, 992, and 994,
rotation of the pulleys 990A drives movement of the transmission component 996 as guided by
the pulleys 990, 992, and 994.

[00655] In some embodiments, for example, as depicted in Figure 132, the prime mover
982 is disposed in operable communication with the transmission component 996 via the
transmission component 986, drive shaft 988, and pulleys 990, 992, and 994, such that the
displacement force generated by the prime mover 982 is applied to the slider 976 and the
bracket 978.

[00656] While the displacement mechanism 972 is disposed in the retracted
configuration, tor each one of the displacement submechanisms 973, independently, while the
prime mover 982 is disposed in the first direction displacement drive state, the prime mover 982
rotates the drive shaft 988 in a first direction, for example, clockwise direction, which rotates the
pulley 990A in the first direction. This drives movement of the transmission component 996
about the pulleys 990, 992, and 994. Due to the engagement of the bracket 978 to the
transmission component 996, the movement of the transmission component 996 is with effect
that the bracket 978 is displaced longitudinally forward, relative to the slider 976 and relative to
the robot defined object supporter, until the bracket 978 is disposed at the forwardmost end of
the slider 976 and disposed in abutting engagement with the slider 976, for example, a front
stop of the slider 976. At this point, the displacement mechanism 972 is disposed in the

intermediate forward configuration.

[00657] In response to further rotation of the pulley 990A in the first direction, the
transmission component 996 continues to be driven to move about the pulleys 990, 992, and
994. Due to the engagement of the bracket 978 to the transmission component 996, and due to
the abutting engagement of the bracket 978 and the slider 976, the movement of the
transmission component 996 is with effect that the bracket 978 and the slider 976 are displaced
longitudinally forward, relative to the rail 974 and relative to the robot defined object supporter
502, until the slider 976 is disposed at the forwardmost end of the rail 974 and disposed in
abutting engagement with the rail 974, for example, a front stop of the slider 976. At this point,

the displacement mechanism 972 is disposed in the extended configuration.
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[00658] While the displacement mechanism 972 is disposed in the extended
configuration, in response to further rotation of the pulley 990A in a second direction that is
opposite the first direction, for example, a counter clockwise direction, by the prime mover 982
configured in the second direction displacement drive state, the transmission component 996 is
driven to move about the pulleys 990, 992, and 994 in the opposite direction. Due to the
engagement of the bracket 978 to the transmission component 996, the movement of the
transmission component 996 is with effect that the bracket 978 is displaced longitudinally
rearward, relative to the slider 976 and relative to the robot defined object supporter 502, until
the bracket 978 is disposed at the rearmost end of the slider 976 and disposed in abutting
engagement with the slider 976, for example, a rear stop of the slider 976. At this point, the

displacement mechanism 972 is disposed in the intermediate rearward configuration.

[00659] In response to further rotation of the pulley 990A in the second direction, the
transmission component 996 continues to be driven to move about the pulleys 990, 992, and
994. Due to the engagement of the bracket 978 to the transmission component 996, and due to
the abutting engagement of the bracket 978 and the slider 976, the movement of the
transmission component 996 is with effect that the bracket 978 and the slider 976 are displaced
longitudinally rearward, relative to the rail 974 and relative to the robot defined object supporter
502, until the slider 976 is disposed at the rearmost end of the rail 974 and disposed in abutting
engagement with the rail 974, for example, a rear stop of the slider 976. At this point, the

displacement mechanism 972 is disposed in the retracted configuration.

[00660] In some embodiments, for example, the object transitioning apparatus 420 is
coupled to the base 302, for example, via the lift mechanism 340. While the object transitioning
apparatus 420 is coupled to the base 302, said longitudinal displacements of the slider 976 and

bracket 978, relative to the robot defined object supporter 502, are also relative to the base 302.

[00661] In some embodiments, for example, the object manipulator 970 includes an end
effector 1000 that is configured for grasping an object, such that a grasped object is established.
The end effector 1000 is coupled to the displacement mechanism 972 such that the end effector
1000 is longitudinally displaceable, relative to the robot defined object supporter 502, in
response to longitudinal displacement of the slider 976 and the bracket 978. In some
embodiments, for example, the displacement of the end effector 1000, relative to the robot
defined object supporter 502, is in a longitudinal direction. In some embodiments, for example,

the displacement of the end effector 1000, relative to the robot defined object supporter 502, is
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within a horizontal plane. In some embodiments, for example, the displacement of the end
effector 1000, relative to the robot defined object supporter 502, in the longitudinal direction, is

within the horizontal plane.

[00662] In some embodiments, for example, as depicted in Figure 132, the object
emplacement/removal tool 971 includes a mounting block 1010. As depicted, the mounting
block 1010 is coupled to the displacement mechanism 972, in particular, the brackets 978. The
brackets 978 are connected to the mounting block 1010 at opposite ends of the mounting block
1010. The mounting block 1010 is coupled to the brackets 978 such that the mounting block
1010 is displaceable, relative to the robot defined object supporter 502, in response to
displacement of the bracket 978 and slider 976, relative to the robot defined object supporter
502. In some embodiments, for example, the displacement of the mounting block 1010, relative
to the robot defined object supporter 502, is in a longitudinal direction. In some embodiments,
for example, the displacement of the mounting block 1010, relative to the robot defined object
supporter 502, is within a horizontal plane. In some embodiments, for example, the
displacement of the mounting block 1010, relative to the robot defined object supporter 502, in

the longitudinal direction, is within the horizontal plane.

[00663] In some embodiments, for example, the end effector 1000 is coupled to the
mounting block 1010. In some embodiments, for example, the end effector 1000 is mounted to
the mounting block 1010, such that the end effector 1000 is longitudinally displaceable with the
mounting block 1010. In some embodiments, for example, the coupling of the end effector 1000
to the displacement mechanism 972 is effected via the coupling of the end effector 1000 to the

mounting block 1010, which is coupled to the brackets 978 of the displacement mechanism 972.

[00664] In some embodiments, for example, the end effector 1000 includes a grasping

configuration 1020 to grasp the object, such that a grasped object is established.

[00665] In some embodiments, for example, the grasping configurations 1020 includes a
suction cup 1022. In some embodiments, for example, the object is grasped by the suction cup
1022 by suctioning of a surface portion of the object by the suction cup 1022. As depicted in
Figure 132, in some embodiments, for example, the grasping configuration 1020 includes four
suction cups 1022A, 1022B, 1022C, and 1022D, wherein the suction cups 1022 are disposed in

side by side relationship. In some embodiments, for example, the suction cups 1022 are
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mounted to the mounting block 1010 such that they are facing in a longitudinally forward

direction.

[00666] Similar to the object manipulator 430, in some embodiments, for example, each
one of the suction cups 1022, independently, is disposed in fluid communication with a pump via
a valve block. The pump and valve block are disposed within the mounting block 1010. Each
one of the pump and the valve block, independently, is disposed in data communication with the
controller 202 and disposed in electrical communication with the battery, for example, via the
electrical and data cable 998. The controller 202 is configured to send control commands to the
pump to control the amount of suction at the suction cups 1022. The controller 202 is
configured to send control commands to the valve block to open and close one or more valves

of the valve block control air flow between the pump and the one or more suction cups 1022.

[00667] In some embodiments, for example, for each suction cup 1022 of the grasping
configuration 1020, the grasping configuration 1020 includes a vacuum sensor. Each vacuum
sensor, independently, is disposed in data communication with the controller 202, for example,
via the electrical and data cable 998. In some embodiments, for example, each vacuum sensor,
independently, is disposed in electrical communication with the battery, for example, via the
electrical and data cable 998. Each vacuum sensor, independently, collects data representative
of the suction pressure of a respective suction cup. Based on this data, the controller 202
determines if the suction cup 1022 is suctioning a surface portion of the object, and therefore, if
the object is grasped by the suction cup 1022. Based on this data, the controller 202 can further
determine if there is an absence of suction of a surface portion of an object by a suction cup
1022, for example, due to a defect on the surface portion of the object, and send a control
command to the pump and the valve block to divert suctioning from said suction cup 1022 to

one or more other suction cups 1022.

[00668] In some embodiments, for example, each grasping configuration 1020 of the end
effector 1000, independently, is coupled to the mounting block 1010 such that the grasping
configuration 1020 is pivotable, relative to the mounting block 1010, such that the grasping
configuration 1020 is disposable in contact engagement, for example, sealing engagement, with
an angled surface of an object, for grasping the object. In some embodiment, the coupling of
the grasping configuration 1020 to the mounting block 1010 includes a hinge to effect the

pivoting of the grasping configuration 1020, relative to the mounting block 1010. In some
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embodiments, for example, the grasping configuration 1020 is pivotable, relative to the

mounting block 1010, by at least one degree, for example, five degrees.

[00669] In some embodiments, for example, each suction cup 1022 of the grasping
configuration 1020 of the end effector 1000, independently, is coupled to the mounting block
1010 such that the suction cup 1022 is pivotable, relative to the mounting block 1010, such that
the suction cup 1022 is disposable in contact engagement, for example, sealing engagement,
with an angled surface of an object, for grasping the object. In some embodiment, the coupling
of the suction cup 1022 to the mounting block 1010 includes a hinge to effect the pivoting of the
suction cup 1022, relative to the mounting block 1010. In some embodiments, for example, the
suction cup 1022 is pivotable, relative to the mounting block 1010, by at least one degree, for

example, five degrees.

[00670] In some embodiments, for example, similar to the optical sensors 490 and
displacement transducers 498 of the object manipulator 430, the object manipulator 970
includes optical sensors 1030, for example, stereo cameras, 3D cameras or LIDAR sensors,
and displacement transducers 1032, for example, infrared sensors. The optical sensors 1030
and displacement transducers 1032 are mounted on a front surface of the mounting block 1010,
between the suction cups 1022A and 1022B, and between 1022C and 1022D.

[00671] Each one of the optical sensors 1030, independently, is configured for collecting
data, including data representative of: (i) a shape of a surface of an object facing the sensor
1030, (ii) the distance between the optical sensor 1030 and the object, and (iii) identifying labels
(e.g. printed label, stock-keeping unit (SKU), barcode, Quick Response (QR) code, and/or the

like) on the object.

[00672] In some embodiments, for example, based on the data representative of the
shape of the surface of the object facing the sensor 1030, the Al engine 224 defines a bounding
box 904 around the object, as depicted in Figure 3 and the controller 202 determines the
dimensions and the center of the object based on dimensions and center of the bounding box
904.

[00673] In some embodiments, for example, based on the data representative of the
shape of the empty space facing the sensor 1030, the Al engine 224 defines a bounding box
912 around an empty space 910, as depicted in Figure 4, and the controller 202 determines the

dimensions of the empty space 910 based on the dimensions of the bounding box 912.
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[00674] In some embodiments, for example, the object manipulator 970 includes
displacement transducers 1032, for example, infrared sensors. Each one of the displacement
transducer 1032, independently, is configured for collecting data, including data representative
of the distance between the displacement transducer 1032 and the object. In some
embodiments, for example, the object manipulator 970 includes the displacement transducers
1032 such that the controller 202 has object distance data for processing if the optical sensors
1030 are unable to provide object distance data, for example, if the optical sensors 1030 are

within a threshold minimum distance of (e.g. is too close to) the object.

[00675] In some embodiments, for example, the controller 202 controls the speed of the
longitudinal displacement of the slider 976 and the bracket 978 based on the object distance
data from the optical sensors 1030 and the displacement transducers 1032, similar to controlling

the speed of extension of the extendible arm 432.

[00676] In some embodiments, for example, the optical sensors 1030 and displacement
transducers 1032 are disposed in electrical and data communication with the controller 202 and

battery of the robot 110, for example, via electrical and data cable 998.

[00677] In some embodiments, for example, the end effector 1000 is displaceable
longitudinally, relative to the robot defined object supporter 502, via the actuator configuration
980. In some embodiments, for example, while the object transitioning apparatus 420 is
coupled to the base 302, the end effector 1000 is displaceable longitudinally, relative to the
base 302.

[00678] In some embodiments, for example, while the end effector 1000 is coupled to the
mounting block 1010, and the mounting block 1010 is coupled to the bracket 978, and the
displacement mechanism 972 is disposed in the retracted configuration, the end effector 1000 is

disposed in a retracted configuration.

[00679] In some embodiments, for example, while the end effector 1000 is coupled to the
mounting block 1010, and the mounting block 1010 is coupled to the bracket 978, and the
displacement mechanism 972 is disposed in the extended configuration, the end effector 1000

is disposed in an extended configuration.
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[00680] In some embodiments, for example, the end effector 440, the end effector 1000,
the extendible arm 432, and the robot-defined object supporter 502 are co-operable with an

object and a first object supporter such that:

[00681] while: (i) a first object supporter is disposed on a side of the robot-defined object
supporter 502, (ii) the object is supported by the first object supporter, and (iii) the end effector
432 is grasping the object, such that the grasped object is established:

[00682] in the retracted configuration, the end effector 1000 is disposed, relative to the
extendible arm 432, such that there is absence of interference, by the end effector 1000, to
effect lateral movement of the grasped object, towards the robot-defined object supporter 502,
by the extendible arm 432.

[00683] In some embodiments, for example, the end effector 1000 and the robot-defined

object supporter 502 are co-operable with the object and a second object supporter such that:

[00684] while: (i) a second object supporter is disposed in front of the robot-defined
object supporter 502, (ii) the object is supported by the second object supporter, and (iii) the end
effector 1000 is disposed in the extended configuration and is grasping the object, such that the

grasped object is established:

[00685] the grasped object is movable towards the robot-defined object supporter 502 by
the end effector 1000.

[00686] In some embodiments, for example, the movement of the grasped object towards
the robot-defined object supporter 502 by the second end effector is effectible in response to the
longitudinal displacement of the end effector 1000, relative to the robot defined object supporter
502. In some embodiments, for example, the movement of the grasped object towards the
robot-defined object supporter 502 by the second end effector is effectible in response to the

longitudinal displacement of the end effector 1000, relative to the base 302.

[00687] In some embodiments, for example, the longitudinal displacement of the end
effector 1000, relative to the base 302, is independent of the lateral displacement of the end
effector 440, relative to the base 302.

[00688] In some embodiments, for example, if the displacement mechanism 972 did not
include the slider 976 and the pulleys 992 and 994, and the bracket 978 was coupled to the
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transmission component 996 that looped only around the pulleys 990A, the bracket 978 would
be limited to being longitudinally displaceable, relative to the rail 974, between the pulleys 990.
In such embodiments, for example, the rearmost positioning of the bracket 978, relative to the
rail 974, would be defined forwardly of the pulley 990B (e.g. a pulley 990B-defined rearmost
position). Said rearmost positioning would be similar to the positioning of the pulley 992B as
depicted in Figure 133 or Figure 134. In such embodiments, for example, while the mounting
block 1010 is coupled to the brackets 978 of the displacement mechanism 972 and the
displacement mechanism 972 is disposed in the retracted configuration, such that the brackets
978 are disposed at the pulley 990B-defined rearmost position, the mounting block 1010 and/or
the grasping configuration 1020 may be disposed, relative to the extendible arm 432 or to the
grasped object, such that there may be interference, by the mounting block 1010 and/or
grasping configuration 1020, of the lateral movement of the grasped object, towards the robot-

defined object supporter 502, by the extendible arm 432.

[00689] However, due to the configuration of the slider 976, in particular, the disposition
of the pulley 994B rearwardly of the pulley 990B while the displacement mechanism 972 is
disposed in the retracted configuration, the rearmost positioning of the bracket 978, relative to
the rail 974, which is effected while the displacement mechanism 972 is disposed in the

retracted configuration, is rearward of said pulley 990B-defined rearmost position.

[00690] In such embodiments, for example, while the mounting block 1010 is coupled to
the brackets 978 of the displacement mechanism 972 and the displacement mechanism 972 is
disposed in the retracted configuration, such that the brackets 978 are disposed at its rearmost
position, relative to the rail 974, which is rearwardly of the pulley 990B-defined rearmost
position, the grasping configuration 1020 is disposed, relative to the extendible arm 432 or to
the grasped object, such that there is an absence of the lateral movement of the grasped object,

towards the robot-defined object supporter 502, by the extendible arm 432.

[00691] Similarly, in some embodiments, for example, if the displacement mechanism
972 did not include the slider 976 and the pulleys 992 and 994, and the bracket 978 was
coupled to the transmission component 996 that looped only around the pulleys 990A, the
bracket 978 would be limited to being longitudinally displaceable, relative to the rail 974,
between the pulleys 990. In such embodiments, for example, the forwardmost positioning of the
bracket 978, relative to the rail 974, would be defined rearwardly of the pulley 990A (e.g. a

pulley 990A-defined forwardmost position). Said forwardmost positioning would be similar to
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the positioning of the pulley 992A as depicted in Figure 135 or Figure 136. In such
embodiments, for example, while the mounting block 1010 is coupled to the brackets 978 of the
displacement mechanism 972 and the displacement mechanism 972 is disposed in the
extended configuration, such that the brackets 978 are disposed at the pulley 990A-defined
forwardmost position, the grasping configuration 1020 may be disposed, relative to the robot-
defined object supporter 502, such that the grasping configuration 102 is disposed rearwardly of
a forwardmost surface 999 of the robot-defined object supporter 502. In such embodiments, for
example, the object manipulator 970 may not be able to fully push a supported object off the
robot-defined object supporter 502 for displacing the object from the robot-defined object
supporter 502 to an object supporter disposed forwardly of the robot-defined object supporter
502, or may not be able to grasp an object that is supported on said object supporter for

displacing the object from the object supporter to the robot-defined object supporter 502.

[00692] However, due to the configuration of the slider 976, in particular, the disposition
of the pulley 994A rearwardly of the pulley 990A while the displacement mechanism 972 is
disposed in the extended configuration, the forwardmost positioning of the bracket 978, relative
to the rail 974, which is effected while the displacement mechanism 972 is disposed in the

extended configuration, is forward of said pulley 990A-defined rearmost position.

[00693] In such embodiments, for example, while the mounting block 1010 is coupled to
the brackets 978 of the displacement mechanism 972 and the displacement mechanism 972 is
disposed in the extended configuration, such that the brackets 978 are disposed at its
forwardmost position, relative to the rail 974, which is forwardly of the pulley 990A-defined
rearmost position, the grasping configuration 1020 is disposed, relative to the robot-defined
object supporter 502, such that the grasping configuration 102 is disposed forwardly of the
forwardmost surface 999 of the robot-defined object supporter 502. In such embodiments, for
example, the object manipulator 970 is configured to fully push a supported object off the robot-
defined object supporter 502 for displacing the object from the robot-defined object supporter
502 to an object supporter disposed forwardly of the robot-defined object supporter 502, and is
configured to grasp an object that is supported on said object supporter for displacing the object

from the object supporter to the robot-defined object supporter 502.

[00694] The robot 110 is configured to retrieve an object from an object supporter

disposed longitudinally forward of the robot defined object supporter 502, in a manner similar to
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retrieving an object from an object supporter disposed laterally of the robot defined object

supporter 502, as described above with respect to Figure 89 to Figure 112.

[00695] The controller 202 receives a command from a client computing device 120 via
the server 114 to retrieve a target object 900 from an object supporter in a target area of the
warehouse, and move the object to a desired location of the warehouse, such as a loading zone
112.

[00696] The controller 202 determines the path to the target area from the current

location of the robot 110, and move to the target area.

[00697] The optical sensors 1030 collect data representative of the objects supported by
the object supporters in the area, and the controller 202 identifies the target object 900, and the
robot 110 is positioned relative to the object supporter such that the object supporter is disposed

longitudinally forward of the robot 110.
[00698] Then, the robot 110 is anchored to the floor via the anchor configuration 510.

[00699] With the robot 110 anchored to the floor, the object transitioning apparatus 420 is
elevated by the lift mechanism 340 such that the robot-defined object supporter 502 is disposed

at the same elevation as the object supporter on which the object 900 is supported.

[00700] To grasp the object, while the displacement mechanism 972 is disposed in the
retracted configuration and the end effector 1000 is disposed in the retracted configuration, the
end effector 1000, which includes the suction cups 1022, the end effector 1000 is longitudinally
displaced forwardly towards the object via longitudinal displacement of the mounting block 1010
by the displacement mechanism 972. Similar to the object manipulator 430, the speed of the
longitudinal displacement of the suction cups 1022 are controlled by the controller 202 based on

the object distance data from the optical sensors 1030 and displacement transducers 1032.

[00701] Similar to the object manipulator 430, while the suction cups 1022 becomes
disposed within a threshold distance of the surface of the object, for example, within 2 inches,
for example, 2.2 inches, the controller 202 sends a control command to the pump and the valve
block to blow air out of the suction cups 1022 to clean the surface of the object 900. Then, the
controller 202 sends a control command to the pump to operate in an air suction mode to
suction the air from the suction cups 1022, for suctioning the surface of the object 900 by the

suction cups 1022.
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[00702] While the telescoping arm and the suction cups 1022 continue to extend towards
the object 900, the controller 202 monitors the suction pressure via the vacuum sensors of the
object manipulator 970, and also monitors the distance between the suction cups 1022 and the
object 900 via the optical sensors 1030 and displacement transducers 1032, to determine if one
or more suction cups 1022 are disposed in contact engagement with, and suctioning, the object
900. In some embodiments, for example, an increase in suction pressure, for example, to a
threshold pressure, at a suction cup 1022 is indicative of the suction cup 1022 becoming
disposed in contact engagement with the object 900 and suctioning the object 900. In some
embodiments, for example, the disposition of a suction cup 1022 within a threshold distance of
the object 900, is indicative of the suction cup 1022 becoming disposed in contact engagement
with the object 900.

[00703] In response to determination by the controller 202 that the suction cups 1022 are
suctioning the object 900, the longitudinal extension, in the forward direction, of the
displacement mechanism 972 is stopped, with effect that the longitudinal displacement of the
suction cups 1022 is stopped. In some embodiments, for example, at this point, as depicted in
Figure 137 and Figure 138, the displacement mechanism 972 is disposed in the extended
configuration. In some embodiments, for example, at this point, as depicted in Figure 137 and

Figure 138, the end effector 1000 is disposed in the extended configuration.

[00704] In some embodiments, for example, as depicted Figure 137 to Figure 142, the
object 900 has a width, measured along the lateral axis, that is greater than the minimum
spacing distance between the sliders 976, measured along the lateral axis. With the object 900
grasped by the suction cups 1022, the brackets 978 are displaced in a rearward direction to
longitudinally displace the object 900, in a rearward direction, towards the robot-defined object

supporter 502.

[00705] The object 900 is displaced in a rearward direction until the object 900 is
disposed in abutting engagement with the sliders 976. While : (i) the brackets 978 are urged to
displace in the rearward direction, (ii) the end effector 1000, for example, the suction cups 1022,
is grasping the object 900, and (iii) the object 900 is disposed in abutting engagement with the
sliders 976, the object 900 urges the sliders 976 to displace in the rearward direction. This is
with effect that the brackets 978, the sliders 976, and the object 900 are displaced in the

rearward direction.
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[00706] The brackets 978, the sliders 976, and the object 900 are longitudinally displaced
in the rearward direction until the sliders 976 are disposed in abutting engagement with the rails
974, for example, the rear tops of the rails 974, as depicted in Figure 139 and Figure 140. At
this point, the object 900 is emplaced on the robot defined object supporter 502.

[00707] With the object emplaced on the robot defined object supporter 502, the
controller 202 sends a control command to the pump to turn off the pump, such that there is an
absence of suction at the suction cups 1022. This effects the release of the grasping of the
object 900 by the suction cups 1022, with effect that the object 900 becomes supported by the
robot-defined object supporter 502.

[00708] At this point, the brackets 978 are longitudinally displaced in the rearward
direction until the brackets 978 abuts against the sliders 976, for example, the rear stops of the
sliders 976, with effect that the displacement mechanism 972 becomes disposed in the

retracted configuration, as depicted in Figure 141 and Figure 142.

[00709] At this point, the controller 202 sends a control command to the anchoring
configuration 510 to dispose the anchoring configuration 510 in the anchoring-ineffective state,
and the base 302 moves the robot 110 to a desired location of the warehouse to move the
object 900 to said desired location of the warehouse, such as a loading zone. While the robot
110 is at the loading zone, the object can be emplaced on an object supporter disposed in the

loading zone by the object manipulator 430 or the object manipulator 970.

[00710] In some embodiments, for example, the object 900 has a width, measured along
the lateral axis, that is less than the minimum spacing distance between the sliders 976,
measured along the lateral axis. In such embodiments, for example, with the object 900
grasped by the suction cups 1022, the brackets 978 are displaced in a rearward direction to
longitudinally displace the object 900, in a rearward direction, towards the robot-defined object
supporter 502, with effect that the object 900 is displaced longitudinally, in a rearward direction,

towards the robot-defined object supporter 502.

[00711] The object 900 is displaced in a rearward direction until the brackets 978 are
disposed in abutting engagement with the sliders 976, for example, the rear stop of the sliders
976. At this point, the displacement mechanism 972 is disposed in the intermediate rearward

configuration.
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[00712] In response to further displacement in the rearward direction of the brackets 978,
while: (i) the end effector 1000 is grasping the object 900, and (ii) the displacement mechanism
972 is disposed in the intermediate rearward configuration, the brackets 978 urge the sliders
976 to displace in the rearward direction. This is with effect that the brackets 978, the sliders

976, and the object 900 are displaced in the rearward direction.

[00713] The object 900 is displaced in the rearward direction until the object 900 is
emplaced on the robot defined object supporter 502. The controller 202 monitors the
longitudinal displacement of the brackets 978, the sliders 976, and the object 900 in the
rearward direction, such that the object 900 does not become disposed between the blocks
1062. In some embodiments, for example, said monitoring is effected by the controller 202,
based on data collected from the optical sensor 490 and/or displacement transducers 498,
which are disposed in opposing relationship, relative to the brackets 978, the sliders 976, and
the object 900.

[00714] With the object emplaced on the robot defined object supporter 502, the
controller 202 sends a control command to the pump to turn off the pump, such that there is an
absence of suction at the suction cups 1022. This effects the release of the grasping of the
object 900 by the suction cups 1022, with effect that the object 900 becomes supported by the
robot-defined object supporter 502.

[00715] In some embodiments, for example, the controller 202 determines the depth of
the object 900, measured along the longitudinal axis. Based on data from the optical sensor 490
and/or displacement transducers 498. In some embodiments, for example, the controller 202
monitors the displacement of the brackets 978, the sliders 976, and the object 900 in the
rearward direction, such that the object 900, such that the object 900 longitudinally displaces in
the rearward direction by a distance that has a value of at least the depth of the object 900,
before sending a control command to the pump to turn off the pump to release the grasping of
the object 900 by the suction cups 1022.

[00716] At this point, with the grasping of the object 900 by the suction cups 1022
released, and the object 900 emplaced on the robot-defined object supporter 502, the brackets
978 and the sliders 976 are longitudinally displaced in the rearward direction until the sliders

976 abuts against the rails 974, for example, the rear stops of the rails 974, with effect that the

136



WO 2022/104464 PCT/CA2021/051632

displacement mechanism 972 becomes disposed in the retracted configuration, as depicted in
Figure 141 and Figure 142.

[00717] The robot 110 is configured to emplace an object on an object supporter
disposed longitudinally forward of the robot defined object supporter 502, for example, for
storage of the object, in a manner similar to emplacement of an object supporter disposed
laterally of the robot defined object supporter 502, as described above with respect to Figure 89

to Figure 112.

[00718] In some embodiments, for example, the controller 202 receives a control
command from a client computing device 120 via the server 114 to store a target object 900 on

an object supporter in a target area of the warehouse.

[00719] In some embodiments, for example, the server computer 114 determines the
target area in the warehouse based on, for example, the inventory rules, and send the control
command to the robot 110. In some embodiments, for example, the robot 110 grasps the target
object 900 from a loading zone 112, for example, via the object manipulator 430 or the object
manipulator 970, and is emplaced on the robot-defined object supporter 502, and the robot 110
moves the object 900 to the target area of the warehouse along a calculated path. In some
embodiments, for example, the object 900 is placed on the robot-defined object supporter 502

by an operator.

[00720] While the object 900 is supported on the robot-defined object supporter 502, the
optical sensors 1030 collect data representative of the shape and dimensions of the object 900,
including the shape and dimensions of the surface of the object that is 900 opposing the optical

sensors 1030.

[00721] As the robot 110 enters the target area, the optical sensors 1030 collect data
representative of the object supporters, the objects on the supporters, and the available storage
space on the object supporters. In some embodiments, for example, the robot 110 turns on one
or more of its lighting components, such as one or more LED lights, for illuminating the field of

view (FOV) of the optical sensors 490.

[00722] Based on the data collected from the optical sensors 1030, the controller 202, for

example, the Al engine 224, identifies and locates the empty spaces 910, and defines a
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boundary box 912 around each of the empty spaces 910, using a suitable algorithm such as a
SSD algorithm.

[00723] Based on the bounding box 912, the dimensions of each empty space 910 are
determined by the controller 202, and compared with the dimensions of the object 900, for
example, the dimension of the surface of the object 900 facing the optical sensors 1030. The
controller 202 identifies an empty space 910 that is able to receive the object 900, based on the
comparison of the dimensions of the object 900 and the dimensions of the space 910. In
response to identification of the suitable empty space 910 suitable for receiving the object 900,
the object 900 is moved from the robot defined object supporter 502 to the object supporter, in
particular, moved into the empty space 910, via a process similar (but reversed) to that
described with respect to retrieving the object 900 from the object supporter disposed forwardly

of the robot defined object supporter 502.

[00724] In some embodiments, for example, wherein the object transitioning apparatus
420 includes the end effector 440 and the end effector 1000, the object transitioning apparatus
420 does not have to rotatable, for example, about a vertical axis, for example, by lift
mechanism 340, relative to the base 302, for interaction with an object supported on a first
object supporter disposed laterally of the robot 110, and also for interaction with an object
supported on a second object supporter disposed forward of the robot 110. Such rotation of the
object transitioning apparatus 420 about the vertical axis may require an increase in the
minimum spacing distance between objects supporters that define an aisle, for example, the
width of an aisle, such that the object transitioning apparatus 402 is clear of object supporters or
objects while the object transitioning apparatus 420 is being rotated. By avoiding rotation of the
object transitioning apparatus 420 about a vertical axis, relative to the base 302, the increasing
of the width of an aisle can be avoided, such that the warehouse space can be more efficiently

used to store objects.

[00725] In some embodiments, for example, while the robot 110 is disposed in a certain
location of the warehouse, for example, a loading area 112, or at an object storage area having
one or more object supporters, it is desirable for the robot 110 to interact with more than one

object being moving to another location of the warehouse.
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[00726] In some embodiments, for example, the robot 1040 includes a rack 1040, as
depicted in Figure 5, the rack 1040 including one or more object supporters 1042 that are each,

independently, configured to support an object, such that a supported object is established.

[00727] In some embodiments, for example, the rack 1040 is releasably couplable to the
base 302. While the rack 1040 is releasably coupled to the base 1040, the rack 1040 is
disposed in opposing relationship with the robot defined object supporter 502, for example,

disposed in front of the robot defined object supporter 502.

[00728] In some embodiments, for example, the rack 1040 comprises a connection
counterpart, for example, an opening, disposed at a height of a corresponding connection
counterpart, for example, an extension that is extendible into the opening, of the base 302. In
some embodiments, for example, the robot 110 is displaceable relative to the rack 1040 to align
the connection counterpart of the rack 1040 and the connection counterpart of the base 302.
With the connection counterparts aligned, the robot 100 is displaced forward, relative to the rack
1040, to effect interaction with the connection counterpart of the rack 1040 and the base 302.
The interaction of the connection counterpart of the rack 1040 and the base 302 is with effect
that the rack 1040 and the base 302 become coupled, such that the rack 1040 is displaceable
with the base 302.

[00729] In some embodiments, for example, after displacing an object from an object
supporter that is disposed laterally of the robot 110, relative to the robot defined object
supporter 502, and after emplacing the object on the robot defined object supporter 502, via the
object manipulator 430, the elevation of the object transitioning apparatus 402 is adjustable, by
the lift mechanism 340. While the elevation of the object transitioning apparatus 402 is being
adjusted, the optical sensors 1030 and/or the displacement transducers 1032 are collecting data
representative of the object supporters 1042, for example, if there is an object on the object
supporter 1042 or if there are no objects on the object supporter 1042. In some embodiments,
for example, the controller 202 determines that an object supporters 1042 is able to support the
object, based on data collected from the optical sensors 1030 and/or the displacement

transducers 1032.

[00730] In response to said determination, the elevation of the object transitioning
apparatus 402 is such that the robot defined object supporter 502 and one of the object

supporters 1042 of the rack become disposed at the same elevation
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[00731] At this point, the object supported on the robot defined object supporter 502 can

be emplaced on one of the object supporters 1042 via the object manipulator 970.

[00732] With the rack 1040 coupled to the base 302, the robot 110 can retrieve and move
more than one object at a time. For example, the robot 110 can retrieve a first object from an
object supporter disposed laterally of the robot 110, and emplace the first object on one of the
object supporters 1042 of the rack 1040, such that the first object is supported by the object
supporters 1042 of the rack 1040. Then, the robot 110 can retrieve a second object, from the
same or a different object supporter, disposed laterally of the robot 110, and emplace the
second object on another object supporter 1042 of the rack 1040. Then, the robot 110 can

move the plurality of objects to a desired location, for example, a loading zone 112.

[00733] After moving the rack 1040, which is supporting the plurality of objects to a
desired location, the rack 1040 is decoupled from the base 302, and the base 302 is coupled to
another rack 1040 that is empty, and move to one or more object supporters to retrieve

additional objects.

[00734] Similarly, with a plurality of objects supported by the rack 1040, the robot 110 can
move a first object from the rack 1040 to an object supporter disposed laterally of the robot 110,
for example, for storage of the first object on the object supporter. Then, the robot 110 can
move a second object from the rack 1040, to the same or a different object supporter, disposed
laterally of the robot 110. After the objects are emplaced on the object supporters, the robot

110 can retrieve objects, or couple with another rack 1040 for storing additional objects.

[00735] In some embodiments, for example, it is desirable to retrieve a target object on
an object supporter disposed laterally of the robot 110, but there is a pre-existing object
disposed between the object manipulator 430 and the object, such that the object is occluded by
the pre-existing object. In such embodiments, for example, the pre-existing object may be
moved to an object supporter 1042 of the rack 1040, such that the occlusion of the target object
by the pre-existing object is defeated. With the occlusion defeated, the target object can be
move to another object supporter 1042 of the rack 1040, and the pre-existing object can be

moved back to the object supporter.

[00736] In some embodiments, the robot 100 includes a temperature sensor 1050 that is
displaceable with the end effector 440 for collecting temperature data while the end effector 440

is being displaced, for example, laterally displaced, relative to the base 302. In such
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embodiments, for example, the temperature sensor 1050 is mounted to the object manipulator
430, for example, the extendible arm 432 or the driver 450. As depicted in Figure 143, the
temperature sensor 1050 is mounted to the driver 450. The temperature sensor 1050 is
longitudinally displaceable with the object manipulator 430, for example, via the lateral
displacement of the extendible arm 432, relative to the base 302, or via lateral displacement of

the driver 450, relative to the base 302 or relative to the extendible arm 432.

[00737] The end effector 440 and the temperature sensor 1050 are co-operatively
configured such that, while the end effector 400 is being displaced relative to the base 302, the
temperature sensor 1050 is effective for collecting a plurality of temperature data, wherein each

one of the temperature data, independently, is representative of a temperature.

[00738] In some embodiments, for example, the end effector 440 is co-operable with an
object and an object supporter for executing an object displacement operation (e.g. while the

end effector 440 is displaced by the object emplacement/removal tool 421 to grasp the object,
and then moving the grasped object towards the robot defined object supporter 502), wherein

the object displacement operation includes:

[00739] while the end effector 440 is spaced-apart from the object supporter, and there is
an absence of grasping of an object by the end effector such that the end effector is disposed in

an object grasping-absent state:

[00740] displacing the end effector 440, relative to the base 302, towards the object
supporter, such that the end effector 440 becomes disposed, relative to the object, in a
grasping-effective relationship, and while the end effector 440 is disposed in the grasping-

effective relationship, grasping the object, such that a grasped object is established;

[00741] and

[00742] while the end effector 440 is grasping the object, displacing the end effector 440,
relative to the base 302, away from the object supporter, such that the grasped object is

displaced away from the object supporter.

[00743] In some embodiments, for example, the end effector 400 is co-operable with an
object and an object supporter for executing an object emplacement operation (e.g. while the
object is pushed from the robot defined object supporter 502 to the object supporter to emplace

the object on the object supporter), wherein the object emplacement operation includes:
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[00744] while the end effector 400 is grasping an object and spaced-apart from the object
supporter:
[00745] displacing the end effector 400, relative to the base 302, towards the object

supporter, such that the grasped object becomes disposed in a releasing-effective relationship
with the object supporter; and while the grasped object is disposed in a releasing-effective
relationship with the object supporter, releasing the object, such that the object becomes
supported on the object supporter and the end effector 400 becomes disposed in the object

grasping-absent state;
[00746] and

[00747] after the releasing of the grasped object, and while the end effector 400 is
disposed in the grasping-absent state, displacing the end effector 400, relative to the base 302,

away from the object supporter.

[00748] In some embodiments, for example, the end effector 440 and the temperature
sensor 1050 are co-operatively configured such that, during at least one of the object

displacement operation and the object emplacement operation:

[00749] for each one of the at least one of the object displacement operation and the
object emplacement operation, independently, the temperature sensor 1050 is effective for
collecting a plurality of temperature data, wherein each one of the collected data, independently,

is representative of a temperature.

[00750] In some embodiments, for example, the at least one of the object displacement
operation and the object emplacement operation is both of the object displacement operation

and the object emplacement operation, such that the temperature sensor 1050 is effective for
collecting the plurality of temperature data for, independently, each one of the object

displacement operation and the object emplacement operation.

[00751] In some embodiments, for example, for each one of the collected data,
independently, the collected datum is representative of a temperature at a discrete location in

space.

[00752] In some embodiments, for example, the controller 202 is disposed in operable

communication with the temperature sensor 1050. Based on the data from the temperature
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sensor 1050, the controller 202 is configured to generate a temperature map 1052, or the
controller 202 sends the data to the server 114, and the server 114 is configured to generate the
temperature map 1052. In some embodiments, for example, the temperature map, as depicted

in Figure 143, is viewable by a user on the client computing device 120.

[00753] Figure 143 depicts an example embodiment of the temperature map 1052. In
some embodiments, for example, the temperature map 1052 depicts the temperature of the
environment around the object manipulator, object supporter, and the object. In some
embodiments, for example, the temperature map 1052 depicts a first area having a first
temperature 1054, and a second area having a second temperature 1056. In some
embodiments, for example, the temperature map can be presented as a temperature gradient.
In some embodiments, for example, the temperature of the environment around the object
manipulator, the object supporter, and the object is an important factor for storing temperature
sensitive objects. The user can review the temperature map and determine if the temperature
around the object manipulator, object supporter, and the object is appropriate. If the
temperature is above or below a certain threshold, the user can adjust the temperature

accordingly.

[00754] Similarly, in some embodiments, for example, the robot 100 includes a
temperature sensor 1050 that is displaceable with the end effector 1000 for collecting
temperature data while the end effector 1000 is being displaced, for example, longitudinally
displaced, relative to the base 302. In such embodiments, for example, the temperature sensor
1050 is mounted to the object transitioning apparatus 971, for example, the slider 976 or bracket
978 of the displacement mechanism 972, or the mounting block 1010, and is longitudinally
displaceable with the object transitioning apparatus 971, for example, via the longitudinal
displacement of the displacement mechanism 972, relative to the base 302, or via longitudinal

displacement of the mounting block 1010, relative to the base 302.

[00755] In some embodiments, for example, as depicted in Figure 112 and Figure 132,
the robot 110 includes additional optical sensors 1059, mounted to blocks 1062, and facing in a
lateral direction, for collecting data for the controller 202, for example, the data representative of
the environment of the robot, dimensions and shapes of objects, labels on the objects, and the
like.
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[00756] In some embodiments, for example, while the displacement mechanism 972 and
the end effector 1000 are disposed in the retracted configuration, the mounting block 1010, the
slider 976, and the bracket 978, are disposed between the blocks 1062. In such embodiments,
for example, the blocks 1062 function to protect the mounting block 1010, the slider 976, and
the bracket 978 against

[00757] In some embodiments, for example, as depicted in Figure 112 and Figure 132,
the robot 110 includes additional optical sensors 1059, mounted to the platform 502, and facing
in a lateral direction, for collecting data for the controller 202, for example, the data
representative of the environment of the robot, dimensions and shapes of objects, labels on the

objects, and the like.

[00758] In some embodiments, for example, as depicted in Figure 144, the system 100 is
usable for palletizing and depalletizing activities in the site 102. The robot 110 is able to
depalletize arrival pallets of objects 106 from shipping trucks to distribution centers or
warehouses. The robotic system 100 may also palletize the objects106 and get them ready for

shipment.

[00759] As described above, the grasping configuration 460 of the end effector 440 and

the grasping configuration 1020 of the end effector 1000 includes suction cups.

[00760] As depicted in Figure 145 to Figure 147, in some embodiments, for example, the
grasping configuration 460 of the end effector 440 and the grasping configuration 1020 of the

end effector 1000 includes upward-facing or downward-facing hooks.

[00761] Figure 145 depicts the grasping configurations 460 of the end effector 440
including an upward-facing hook 1060. As depicted in Figure 146, the hook 1060 can be
received in a handle 1061 of an object 1064 to effect grasping of the object 1064 by the end
effector 440.

[00762] Figure 147 depicts the grasping configurations 460 of the end effector 440
including a downward-facing hook 1070. As depicted in Figure 147, the hook 1070 can receive
a portion of a front surface-defining wall 1072 of an object 1074 to effect grasping of the object
1074 by the end effector 440.
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[00763] In some embodiments, as depicted in Figure 148 and Figure 149, the robot 110
is movable along a rail 1080, having a plurality of tracks 1082 extending in parallel along the rail
1080.

[00764] As depicted in Figure 148 and Figure 149, in such embodiments, for example,
the base 302 comprises a rail-coupling structure 1084 laterally extending from a lateral side of
the base 302. The rail-coupling structure 1084 comprises a laterally extending support frame
1086 with one or more vertically extending connectors 1088 extending upwardly from the top of
the support frame 1086 and one or more guides 1090 extending laterally from a lateral side of

the support frame 1086.

[00765] As depicted in Figure 148 and Figure 149, each vertically extending connector
1088 has a cylindrical body 1088A with a radially outwardly extended head portion 1088B for
engaging a hanging track 1092 of the rail 1080, which comprises a longitudinal bore with a
longitudinally extending, reduced-width bottom opening. Each guide 1090 comprises a lateral
protrusion for extending into a longitudinally extending side opening of a corresponding

longitudinal guiding track 1094 and engaging therewith.

[00766] In some embodiments, for example, the robotic system 100 does not need an
operator to manually record the exact location of each object 106 in the site 102. Rather, after
training of the Al engine 224 using deep learning techniques on robotic vision, the controller
202, via the trained Al engine 224, is configured to determine, in real-time, the location of the
target object in the target area based on the data captured by the optical sensors 490, identify
the target object based on, e.g., the recognition of the labels, and then associate the location
with the identity of the target object. The controller 202 or the server 114 is configured to build a
map of the objects 106 and their locations in the site 102. In some embodiments, for example,
such a map is stored in a database or as afile (e.g., a CSV file), displayed on a user interface of
a client computing device 120 in response to the user’s query, and/or integrated with other
management systems such as a warehouse execution system (WES), via an application

programming interface (API).

[00767] The robot 110 described herein is configured such that objects on an object

supporter can be placed closer together, such that more objects may be stored in the site 102.

[00768] In some embodiments, for example, the object manipulator 430 and the object

manipulator 970 are configured to grasp the surface of an object that is opposing the end
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effector 440 and the end effector 1000, respectfully. In some embodiments, for example, the
objects being grasped do not need to be rotated to be grasped and moved by the object
manipulator 430 and the object manipulator 970, which allows objects on an object supporter to

be placed closer together, such that more objects may be stored in the site 102.

[00769] In the preceding description, for purposes of explanation, numerous details are
set forth in order to provide a thorough understanding of the embodiments; however the specific
details are not necessarily required. In other instances, well-known electrical structures and
circuits are shown in block diagram form in order not to obscure the understanding. For
example, specific details are not provided as to whether the embodiments described herein are

implemented as a software routine, hardware circuit, firmware, or a combination thereof.

[00770] The steps and/or operations in the flowcharts and drawings described herein are
for purposes of example only. There may be many variations to these steps and/or operations
without departing from the teachings of the present disclosure. For instance, the steps may be

performed in a differing order, or steps may be added, deleted, or modified.

[00771] The coding of software for carrying out the above-described methods described
for execution by a controller (or processor) of the dolly apparatus 14 or other apparatus is within
the scope of a person of ordinary skill in the art having regard to the present disclosure.
Machine readable code executable by one or more processors of one or more respective
devices to perform the above-described method may be stored in a machine readable medium
such as the memory of the data manager. The terms “software” and “firmware” are
interchangeable within the present disclosure and comprise any computer program stored in
memory for execution by a processor, comprising RAM memory, ROM memory, erasable
programmable ROM (EPROM) memory, electrically EPROM (EEPROM) memory, and non-
volatile RAM (NVRAM) memory. The above memory types are example only, and are thus not

limiting as to the types of memory usable for storage of a computer program.

[00772] All values and sub-ranges within disclosed ranges are also disclosed. In addition,
although the systems, devices and processes disclosed and shown herein may comprise a
specific plurality of elements/components, the systems, devices, configurations, and assemblies
may be modified to comprise additional or fewer of such elements/components. For example,
although any of the elements/components disclosed may be referenced as being singular, the

embodiments disclosed herein may be modified to comprise a plurality of such
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elements/components. The subject matter described herein intends to cover and embrace all

suitable changes in technology.

[00773] Although the present disclosure is described, at least in part, in terms of
methods, a person of ordinary skill in the art will understand that the present disclosure is also
directed to the various components for performing at least some of the aspects and features of
the described methods, be it by way of hardware (DSPs, ASIC, or FPGAS), software or a
combination thereof. Accordingly, the technical solution of the present disclosure may be
embodied in a non-volatile or non-transitory machine readable medium (e.g., optical disk, flash
memory, etc.) having stored thereon executable instructions tangibly stored thereon that enable
a processing device (e.g., a data manager) to execute examples of the methods disclosed

herein.

[00774] The term “processor’” may comprise any programmable system comprising
systems using micro- or nano-processors/controllers, reduced instruction set circuits (RISC),
application specific integrated circuits (ASICs), logic circuits, and any other circuit or processor
capable of executing the functions described herein. The term "database" may refer to either a
body of data, a relational database management system (RDBMS), or to both. As used herein,
a database may comprise any collection of data comprising hierarchical databases, relational
databases, flat file databases, object-relational databases, object oriented databases, and any
other structured collection of records or data that is stored in a computer system. The above
examples are example only, and thus are not intended to limit in any way the definition and/or

meaning of the terms "processor" or “database”.

[00775] The present disclosure may be embodied in other specific forms without
departing from the subject matter of the claims. The described example embodiments are to be
considered in all respects as being only illustrative and not restrictive. The present disclosure
intends to cover and embrace all suitable changes in technology. The scope of the present
disclosure is, therefore, described by the appended claims rather than by the foregoing
description. The scope of the claims should not be limited by the embodiments set forth in the
examples, but should be given the broadest interpretation consistent with the description as a

whole.
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WHAT IS CLAIMED IS:

1. A robot, comprising:

a base;

an object manipulator, comprising:

an extendible arm;

an end effector that is coupled to the extendible arm;

wherein;

the end effector is configured for grasping an object, such that a grasped

object is established; and

the extendible arm is extendible and retractable for displacing the

grasped object relative to the base;

the extendible arm is configurable in a first extendible arm extended

configuration and a second extendible arm extended configuration;

in the first extendible arm extended configuration, the extendible

arm is extended, in a first direction;

in the second extendible arm extended configuration, the
extendible arm is extended, in a second direction that is opposite

the first direction.
2. The robot of claim 1, wherein:

the extendible arm is extendible from a extendible arm retracted configuration to the first
extendible arm extended configuration, and also extendible from the extendible arm

retracted configuration to the second extendible arm extended configuration;

in transitioning from the extendible arm retracted configuration to the first extendible arm

extended configuration, the extendible arm is extended in the first direction; and
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in transitioning from the extendible arm retracted configuration to the second extendible

arm extended configuration, the extendible arm is extended in the second direction.

3. The robot of claim 2, wherein:

the extension of the extendible arm, from the extendible arm retracted configuration to
the first extendible arm extended configuration, is a lateral extension of the extendible

arm in the first direction, relative to the base; and

the extension of the extendible arm, from the extendible arm retracted configuration to
the second extendible arm extended configuration, is a lateral extension of the

extendible arm in the second direction, relative to the base.

4. The robot of claim 3, further comprising:

a robot-defined object supporter configured to support the object, the robot-defined
object supporter being displaceable laterally, relative to the base, from a supporter
retracted configuration to a first supporter extended configuration, and also displaceable
laterally from the supporter retracted configuration to a second supporter extended

configuration;

wherein;

in transitioning from the supporter retracted configuration to the first supporter
extended configuration, the robot-defined object supporter is displaced, relative

to the base, in a first direction; and

in transitioning from the supporter retracted configuration to the second supporter
extended configuration, the robot-defined object supporter is displaced, relative

to the base, in a second direction that is opposite the first direction.

5. The robot of claim 4, wherein the lateral displacement of the extendible arm is independent

of the lateral displacement of the robot-defined object supporter.

6. The robot of claim 4 or claim 5, wherein:

the robot-defined object supporter is displaceable laterally, relative to the base.
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7. The robot of any one of claims 1 to 6 wherein the base is a mobile base including a mobility
platform configured for becoming co-operatively disposed in contact engagement with a reaction

surface for facilitating movement of the robot across the reaction surface

8. The robot of any one of claims 4 to 7, and being configured for: (i) displacing a first object
relative to a first object supporter, the first object supporter being configured to support the first
object, and (ii) displacing a second object relative to a second object supporter, the second
object supporter is configured to support the second object, wherein the first object supporter is
disposed opposite the second object supporter in a spaced-apart relationship such that an aisle
is defined, and the grasping of an object, for which the end effector is configured, includes the

grasping of the first object and the grasping of the second object, wherein:

while the robot is disposed within the aisle between the first and second object

supporters:

transitioning from the retracted configuration to the first platform extended
configuration is with effect that the minimum spacing between the robot-defined

object supporter and the first object supporter is reduced;

transitioning from the retracted configuration to the second platform extended
configuration is with effect that the minimum spacing between the robot-defined

object supporter and the second object supporter is reduced.
9. The robot of claim 8, wherein:
the extendible arm is a telescoping arm;

the telescoping arm is configurable in a first telescoping arm extended configuration and

a second telescoping arm extended configuration;

in the first telescoping arm extended configuration, the telescoping arm is extended, in
the first direction, along a telescoping arm axis, such that the end effector is disposed for

grasping a first object supported on the first object supporter,;

in the second telescoping arm extended configuration, the telescoping arm is extended,
in the second direction, along the telescoping arm axis, such that the end effector is

disposed for grasping a second object supported on the second object supporter.
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10. The robot of claim 8 or 9, wherein the base is a mobile base including a mobility platform
configured for becoming co-operatively disposed in contact engagement with a reaction surface

for facilitating movement of the robot across the reaction surface within the aisle.
11. The robot of claim 10, wherein:

the displacement of the robot-defined object supporter, in the first direction, for
transitioning from the supporter retracted configuration to the first supporter extended

configuration, is along a supporter extension axis;

the extension of the robot-defined object supporter, in the second direction, for
transitioning from the supporter retracted configuration to the second supporter extended

configuration, is also along the supporter extension axis.
12. The robot of claim 11, wherein:

the telescoping arm extension axis is parallel to the supporter extension axis.
13. The robot as claimed in any one of claims 8 to 12;

wherein:

a minimum spacing distance, between the first and second object supporters, of less

than 12 feet is defined within the aisle.
14. The robot as claimed in claim 13, wherein:

the minimum spacing distance is greater than 25 inches.
15. The robot of any one of claims 1 to 14, further comprising:

a lift mechanism;

wherein the object manipulator is displaceable vertically by the lift mechanism, relative to

the base.

16. A robot, configured for: (i) displacing a first object relative to a first object supporter, the first
object supporter being configured to support the first object, and (ii) displacing a second object

relative to a second object supporter, the second object supporter is configured to support the
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second object, wherein the first object supporter is disposed opposite the second object

supporter in a spaced-apart relationship such that an aisle is defined, comprising:
a base;
an object manipulator, comprising:
an extendible arm;
an end effector that is coupled to the extendible arm;
wherein:

the end effector, wherein, for each one of the first and second objects,
independently, the end effector is configured for grasping a respective
one of the first and second objects, such that a grasped object is

established; and

the extendible arm is extendible and retractable for displacing the

grasped object relative to the base;

the extendible arm is configurable in a first extendible arm extended

configuration and a second extendible arm extended configuration;

in the first extendible arm extended configuration, the telescoping arm is
extended, such that the end effector is disposed for grasping the first

object;

in the second extendible arm extended configuration, the extendible arm
is extended, such that the end effector is disposed for grasping the

second object.
17. The robot of claim 16, wherein:

the extendible arm is extendible from a extendible arm retracted configuration to the first
extendible arm extended configuration, and also extendible from the extendible arm

retracted configuration to the second extendible arm extended configuration;
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in transitioning from the extendible arm retracted configuration to the first extendible arm

extended configuration, the extendible arm is extended in a first direction; and

in transitioning from the extendible arm retracted configuration to the second extendible
arm extended configuration, the extendible arm is extended in a second direction that is

opposite the first direction.
18. The robot of claim 17, wherein:

the extension of the extendible arm, from the extendible arm retracted configuration to
the first extendible arm extended configuration, is a lateral extension of the extendible

arm in the first direction, relative to the base; and

the extension of the extendible arm, from the extendible arm retracted configuration to
the second extendible arm extended configuration, is a lateral extension of the

extendible arm in the second direction, relative to the base.
19. The robot of claim 18, further comprising:

a robot-defined object supporter configured to support the object, the robot-defined
object supporter displaceable laterally, relative to the base, from a supporter retracted
configuration to a first supporter extended configuration, and also displaceable laterally

from the supporter retracted configuration to a second supporter extended configuration;
wherein:

transitioning of the robot-defined object supporter from the supporter retracted
configuration to the first supporter extended configuration is with effect that the

robot-defined object supporter is displaced in a first direction; and

transitioning of the robot-defined object supporter from the supporter retracted
configuration to the second supporter extended configuration is with effect that
the robot-defined object supporter is displaced in a second direction that is

opposite the first direction.

20. The robot of claim 19, wherein the lateral displacement of the extendible arm is independent

of the lateral displacement of the robot-defined object supporter.
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21. The robot of claim 19 or claim 20, wherein:
the robot-defined object supporter is displaceable laterally, relative to the base.
22. The robot of any one of claims 19 to 21, wherein:

transitioning of the robot-defined object supporter from the supporter retracted
configuration to the first supporter extended configuration is with effect that the
minimum spacing between the robot-defined object supporter and the first object

supporter is reduced;

transitioning of the robot-defined object supporter from the supporter retracted
configuration to the second supporter extended configuration is with effect that the
minimum spacing between the robot-defined object supporter and the second object

supporter is reduced.
23. The robot of any one of claims 19 to 22, wherein:
the extendible arm is a telescoping arm;

the telescoping arm is configurable in a first telescoping arm extended configuration and

a second telescoping arm extended configuration;

in the first telescoping arm extended configuration, the telescoping arm is extended, in
the first direction, along a telescoping arm axis, such that the end effector is disposed for

grasping the first object;

in the second telescoping arm extended configuration, the telescoping arm is extended,
in the second direction, along the telescoping arm axis, such that the end effector is

disposed for grasping the second object.
24. The robot of claim 23, wherein:

the displacement of the robot-defined object supporter, in the first direction, for
transitioning from the supporter retracted configuration to the first supporter extended

configuration, is along a supporter extension axis;
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the extension of the robot-defined object supporter, in the second direction, for
transitioning from the supporter retracted configuration to the second supporter extended

configuration, is also along the supporter extension axis.
25. The robot of claim 24, wherein:

the telescoping arm extension axis is parallel to the platform extension axis.
26. The robot of any one of claims 16 to 25, further comprising:

a lift mechanism;

wherein the object manipulator is displaceable vertically by the lift mechanism, relative to

the base.

27. The robot of any one of claims 16 to 26, wherein the base is a mobile base including a
mobility platform configured for becoming co-operatively disposed in contact engagement with a
reaction surface for facilitating movement of the robot across the reaction surface within the

aisle.
28. The robot as claimed in any one of claims 16 to 27
wherein:

a minimum spacing distance, between the first and second object supporters, of

less than 12 feet is defined within the aisle.
29. The robot as claimed in claim 28, wherein:
the minimum spacing distance is greater than 25 inches.
30. A robot, comprising:
a base;
an object manipulator, comprising:

an extendible arm, extendible from a extendible arm retracted configuration to a

first extendible arm extended configuration, and also extendible from the
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extendible arm retracted configuration to a second extendible arm extended

configuration;
an end effector that is coupled to the extendible arm;
wherein:

the end effector is configured for grasping an object, such that a grasped

object is established; and

the extendible arm is extendible and retractable for displacing he grasped

object relative to the base;

in transitioning from the extendible arm retracted configuration to the first
extendible arm extended configuration, the extendible arm is extended in

a first direction; and

in transitioning from the extendible arm retracted configuration to the
second extendible arm extended configuration, the extendible arm is

extended in a second direction that is opposite the first direction.
31. The robot of claim 30, wherein:

the extension of the extendible arm, in the first direction, for transitioning from the
extendible arm retracted configuration to the first extendible arm extended configuration,

is along a extendible arm extension axis;

the extension of the extendible arm, in the second direction, for transitioning from the
extendible arm retracted configuration to the second extendible arm extended

configuration, is also along the extension axis.
32. The robot of claim 31, wherein:

the extension of the extendible arm, from the extendible arm retracted configuration to
the first extendible arm extended configuration, is a lateral extension of the extendible

arm in the first direction, relative to the base; and
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the extension of the extendible arm, from the extendible arm retracted configuration to
the second extendible arm extended configuration, is a lateral extension of the

extendible arm in the second direction, relative to the base.
33. The robot of claim 32 further comprising:

a platform configured to support the object, the platform displaceable laterally, relative to
the base, from a platform retracted configuration to a first platform extended
configuration, and also displaceable laterally from the platform retracted configuration to

a second platform extended configuration;
wherein:

in transitioning from the platform retracted configuration to the first platform

extended configuration, the platform is displaced in a first direction; and

in transitioning from the platform retracted configuration to the second platform
extended configuration, the platform is displaced in a second direction that is

opposite the first direction.

34. The robot of claim 33, wherein the lateral displacement of the extendible arm is independent

of the lateral displacement of the platform.
35. The robot of claim 33 or claim 34, wherein:

the platform is displaceable laterally, relative to the base.
36. The robot of any one of claims 33 to 35, wherein:

the extendible arm is a telescoping arm;

the telescoping arm is configurable in a first telescoping arm extended configuration and

a second telescoping arm extended configuration;

in the first telescoping arm extended configuration, the telescoping arm is extended, in

the first direction, along a telescoping arm axis;

in the second telescoping arm extended configuration, the telescoping arm is extended,

in the second direction, along the telescoping arm axis.
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37. The robot of claim 36, wherein:

the displacement of the platform, in the first direction, for transitioning from the platform
retracted configuration to the first platform extended configuration, is along a platform

extension axis;

the extension of the platform, in the second direction, for transitioning from the platform
retracted configuration to the second platform extended configuration, is also along the

platform extension axis.
38. The robot of claim 37, wherein:

the telescoping arm extension axis is parallel to the platform extension axis.
39. The robot of any one of claims 30 to 38, further comprising:

a lift mechanism;

wherein the object manipulator is displaceable vertically by the lift mechanism, relative to

the base.

40. The mobile apparatus of any one of claims 30 to 39, wherein the base is a mobile base
including a mobility platform configured for becoming co-operatively disposed in contact
engagement with a reaction surface for facilitating movement of the robot across the reaction
surface

41. A robot comprising:
a base supportable by a reaction surface;
an object manipulator, supported by the base, including:
an end effector for grasping an object,

wherein the end effector is displaceable relative to the base such that, while the

end effector is grasping the object, the object is displaceable by the end effector;

an anchor configuration;
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wherein;

the base and the anchor configuration are co-operatively configured such that,

while the base is supported on the reaction surface:

the anchor configuration is emplaceable in an anchoring-effective state, with

effect that the robot becomes anchored to the reaction surface.
42. The robot as claimed in claim 41;
wherein;

the anchoring is for mitigating tilting of the robot while the end effector is being

displaced relative to the base.
43. The robot as claimed in claim 42;
wherein:

the tilting of the robot, which the anchoring is mitigating while the end effector is
being displaced relative to the base, is being mitigated while the end effector is

grasping the object.
44. The robot as claimed in claim 41;
wherein:

the displaceability of the end effector, relative to the base, includes

displaceability within a horizontal plane;

the anchoring is for mitigating tilting of the robot while the end effector is being

displaced relative to the base within a horizontal plane.
45. The robot as claimed in claim 44;

wherein;
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the tilting of the robot, which the anchoring is mitigating while the end effector is
being displaced relative to the base within a horizontal plane, is being mitigated

while the end effector is grasping the object.
46. The robot as claimed in claim 44 or 45;
wherein:
the object manipulator further includes an extendible arm;

the object manipulator and the base are co-operatively configured such that,
while the base is supported on the reaction surface, the extendible arm is

extendible within a horizontal plane; and

the end effector is mounted to the extendible arm, such that the tilting of the
robot, which the anchor is mitigating while the end effector is being displaced
relative to the base within a horizontal plane, is being mitigated by the anchor

while the end effector is being displaced by the extendible arm.
47. The robot as claimed in claim 41;

wherein;

the displaceability of the end effector, relative to the base, includes lateral

displaceability relative to the base; and

the anchoring is for mitigating tilting of the robot while the end effector is being

displaced laterally relative to the base.
48. The robot as claimed in claim 47;

wherein;

the tilting of the robot, which the anchoring is mitigating while the end effector is
being displaced laterally relative to the base, is being mitigated while the end

effector is grasping the object.

49. The robot as claimed in claim 47 or 48;
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wherein:
the object manipulator further includes an extendible arm;

the object manipulator and the base are co-operatively configured such that while
the base is supported on the reaction surface, the extendible arm is extendible

laterally relative to the base;

the end effector is mounted to the extendible arm, such that the tilting of the
robot, which the anchoring is mitigating while the end effector is being displaced
laterally relative to the base, is being mitigated by the anchor while the end

effector is being displaced by the extendible arm.
50. The robot as claimed in claim 47;
wherein:
the lateral displaceability of the end effector is within a horizontal plane.
51. The robot as claimed in claim 50;
wherein:

the tilting of the robot, which the anchoring is mitigating while the end effector is
being displaced laterally relative to the base within a horizontal plane, is being

mitigated while the end effector is grasping the object.
52. The robot as claimed in claim 50 or 51;
wherein:
the object manipulator further includes an extendible arm;

the object manipulator and the base are co-operatively configured such that,
while the base is supported on the reaction surface, the extendible arm is

extendible laterally, relative to the base, within a horizontal plane;

the end effector is mounted to the extendible arm, such that the tilting of the

robot, which the anchor is mitigating while the end effector is being displaced
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laterally, relative to the base, and within a horizontal plane, is being mitigated by

the anchor while the end effector is being displaced by the extendible arm.
53. The robot as claimed in claim 41;
wherein:

the displaceability of the end effector relative to the base is such that the end
effector is displaceable relative to the base between a lower vertical position and
a higher vertical position, wherein the higher vertical position is elevated relative

to the lower vertical position; and

the anchoring is for mitigating tilting of the robot while the end effector is

disposed in the higher vertical position.
54. The robot as claimed in claim 53;
wherein:

the tilting of the robot, which the anchoring is mitigating while the end effector is
disposed in the higher vertical position, is being mitigated while the end effector

is grasping the object.
55. The robot as claimed in claim 53 or 54;
wherein:

the higher vertical position is elevated above the lower vertical position by a

minimum vertical distance of at least 8 feet.
56. The robot as claimed in claim 41
wherein;

the displaceability of the end effector relative to the base is such that the end
effector is displaceable relative to the base between a lower vertical position and

a higher vertical position; and
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the anchoring is for mitigating tilting of the robot while the end effector is being

displaced between the lower vertical position and the higher vertical position.

57. The robot as claimed in claim 56;

wherein;

the tilting of the robot, which the anchoring is mitigating while the end effector is
being displaced between the lower vertical position and the higher vertical

position, is being mitigated while the end effector is grasping the object.

58. The robot as claimed in claim 56 or 57;

wherein;

the higher vertical position is elevated above the lower vertical position by a

vertical distance of at least 8 feet.

59. The robot as claimed in any one of claims 53 to 58;

further comprising:

a lift mechanism mounted to the base;

wherein;

the displacement of the end effector, relative to the base, between the lower
vertical position and the higher vertical position, is effectible by the lift

mechanism.

60. The robot as claimed in any one of claims 41 to 59;

wherein;

the anchoring is such that the anchor engages the reaction surface in gripping

engagement.

61. The robot as claimed in any one of claims 41 to 60;

wherein;
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the anchor configuration is additionally configured for emplacement in an
anchoring-ineffective state, such that the emplacement of the anchor
configuration in the anchor-effective state includes transitioning of the anchor

from the anchoring-ineffective state to the anchoring-effective state; and

in the anchoring-ineffective state, there is an absence of anchoring of the robot to

the reaction surface by the anchor configuration.
62. The robot of any one of claims 41 to 61, wherein:

while the robot is anchored to the reaction surface, the anchoring is defeatable via an
anchor-defeating force, the anchor-defeating force having a magnitude with a minimum

value of at least 2000 pounds.

63., The robot of claim 62, wherein the anchor-defeating force has a direction that is parallel to

the reaction surface.
64. The robot as claimed in any one of claims 41 to 63;
further comprising:
a mobility platform;
wherein:

the base and the mobility platform are co-operatively configured such
that, while the base is supported on the reaction surface, the robot is

movable across the reaction surface.
65. The robot as claimed in claim 64;
wherein:
the mobility platform includes a plurality of wheels.

66. The robot as claimed in any one of claims 41 to 63, being configured for: (i) displacing a first
object relative to a first object supporter, the first object supporter being configured to support
the first object, and (ii) displacing a second object relative to a second object supporter, the

second object supporter is configured to support the second object, wherein the first object
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supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the object manipulator is configured, includes the grasping of the first object and the

grasping of the second object.

67. The robot as claimed in claim 66, wherein the minimum spacing distance is greater than 25

inches.

68. The robot as claimed in claim 66 or claim 67;

wherein;

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.

69. A robot comprising:

a base supportable by a reaction surface;

an object manipulator, supported on the base, and including:

an end effector for grasping an object, such that a grasped object is established;

wherein;

the object manipulator is displaceable, relative to the base, along a travel axis,
between a lower vertical position and a higher vertical position, for effecting a

change in elevation of the object manipulator; and

the base and the object manipulator co-operate such that, while the base is
supported on a reaction surface, such that the displaceability of the object
manipulator is along a travel axis that is disposed at angle relative to the vertical,
the base and the object manipulator are configurable into a modified travel axis-
establishing state, with effect that the travel axis is modified to become a vertical

axis.
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70. The robot as claimed in claim 69;
wherein:

the travel axis, that is disposed at an angle relative to the vertical, is disposed at

angle relative to the vertical of at least 1 degree.
71. The robot as claimed in claim 69 or 70;
wherein:

the reaction surface, upon which the base is supported while the displaceability
of the object manipulator is along the travel axis that is disposed at angle relative

to the vertical, is a non-horizontal surface.
72. The robot as claimed in claim 71;
wherein:

the non-horizontal surface is disposed at an angle, relative to the horizontal, of at
least 1 degree.

73. The robot as claimed in any one of claims 69 to 72;
further comprising:

a lift mechanism, mounted to the base, and co-operating with the object
manipulator, such that the displaceability of the object manipulator, relative to the
base, along the travel axis, between a lower vertical position and a higher vertical
position, is effectible by the lift mechanism.

74. The robot as claimed in any one of claims 69 to 72;
wherein:
the base includes:
a platform; and

a plurality of extendible support legs;
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wherein;

each one of the support legs, independently, is positionable relative to the
platform, based on extension or retraction relative to the platform, such that a co-

operative positioning of the support legs, relative to the platform, is establishable;

the modification to the travel axis is based on a modification to the co-operative

positioning of the support legs, relative to the platform.
75. The robot as claimed in claim 74;
wherein:

the configurability, of the base and the object manipulator, into a modified travel
axis-establishing state, is based on the modifiability of the co-operative

positioning of the support legs.
76. The robot as claimed in claim 74 or claim 75, further comprising:

a level sensor configured to collect data representative of the inclination of the base

relative to a horizontal plane;

a memory;

a controller for executing instructions stored in the memory that, when executed, causes

the controller to:

process the data from the level sensor to determine the inclination of the base

relative to the horizontal plane; and

based on the determination, modifying the co-operative positioning of the support

legs relative to the platform.
77. The robot as claimed in any one of claims 69 to 76;

wherein;
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the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.

78. The robot as claimed in any one of claims 67 to 75, being configured for: (i) displacing a first
object relative to a first object supporter, the first object supporter being configured to support
the first object, and (ii) displacing a second object relative to a second object supporter, the
second object supporter is configured to support the second object, wherein the first object
supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the end effector is configured, includes the grasping of the first object and the grasping

of the second object.

79. The robot as claimed in claim 78, wherein the minimum spacing distance is greater than 25

inches.

80. The robot as claimed in claim 78 or claim 79;

wherein;

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.

81. A robot comprising:

a base;

an object manipulator configured for grasping an object; and

a lift mechanism configured for vertically displacing the object manipulator, relative to the

base, including:

a prime mover for generating a force for urging the vertical displacement of the

object manipulator relative to the base; and
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a counterweight configuration, coupled to the object manipulator, with effect that
an opposing counterweight-based force is applied by the counterweight
configuration to the object manipulator such that the weight of the object
manipulator is opposed by the counterweight configuration, and such that the
counterweight configuration is effective for assisting the prime mover with the

urging of the vertical displacement of the object manipulator relative to the base.
82. The robot as claimed in claim 81;
wherein:

the counterweight configuration includes a pneumatic counterweight
configuration including at least one pneumatic gas cylinder, the pneumatic gas
cylinder housing a pressurized gas for generating the opposing force that is

applied to the object manipulator.
83. The robot as claimed in claim 81 or 82;
wherein

the lift mechanism includes a frame, the frame defining an inner side and an

outer side, wherein:

the inner side is disposed in opposing relation relative to the object manipulator,;

and

the counterweight configuration is mounted to the frame such that the

counterweight configuration is accessible from the outer side of the frame.
84. The robot as claimed in any one of claims 81 to 83;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.
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85. The robot as claimed in any one of claims 81 to 84, being configured for: (i) displacing a first
object relative to a first object supporter, the first object supporter being configured to support
the first object, and (ii) displacing a second object relative to a second object supporter, the
second object supporter is configured to support the second object, wherein the first object
supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the object manipulator is configured, includes the grasping of the first object and the

grasping of the second object.

86. The robot as claimed in claim 85, wherein the minimum spacing distance is greater than 25

inches.

87. The robot as claimed in claim 85 or claim 86;

wherein;

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.

88. A robot configured to displace an object relative to an object supporter, the robot

comprising:

a base;

an object manipulator including:

an object emplacement/removal tool; and

an end effector configured for grasping an object;

wherein;

the object emplacement/removal tool and the end effector are co-operatively

configured with effect that:
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the object emplacement/removal tool is displaceable, relative to the base,

independently of the end effector, and along a first axis;

the end effector is displaceable, with the object emplacement/removal

tool, along a second axis; and

the second axis is disposed parallel to an axis that is transverse to the

first axis.

89. The robot as claimed in claim 88;

wherein;

displacement of the end effector, relative to the object emplacement/removal

tool, along the second axis, is restricted.

90. The robot as claimed in claim 88 or 89;

wherein;

the object emplacement/removal tool and the end effector are further co-

operatively configured with effect that:

displacement of the object emplacement/removal tool, relative to the
base, independently of the end effector, and along the first axis, is
obtainable, and the obtained displacement of the object
emplacement/removal tool, relative to the base, independently of the end
effector, and along the first axis, is obtainable in absence of displacement

of the end effector, relative to the base, along the first axis.

91. The robot as claimed in any one of claims 88 to 90;

wherein;

the absence of displacement of the end effector, relative to the base, along the
first axis, is with effect that positioning of the end effector, relative to the base,
remains unchanged.

92. The robot as claimed in any one of claims 88 or 91;
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wherein;

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.

93. The robot as claimed in any one of claims 88 or 92, being configured for: (i) displacing a first
object relative to a first object supporter, the first object supporter being configured to support
the first object, and (ii) displacing a second object relative to a second object supporter, the
second object supporter is configured to support the second object, wherein the first object
supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the end effector is configured, includes the grasping of the first object and the grasping

of the second object.
94. The robot as claimed in claim 93, wherein:

the minimum spacing distance is greater than 25 inches.
95. The robot as claimed in claims 93 or 94;

wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.

96. A robot configured to displace an object relative to an object supporter, the robot

comprising:
a base;
an object manipulator including:
an object emplacement/removal tool; and

an end effector configured for grasping an object;

172



WO 2022/104464 PCT/CA2021/051632

wherein;

the object emplacement/removal tool and the end effector are co-operatively
configurable with effect that the object emplacement/removal tool is displaceable,
relative to the base, independently of the end effector, and along a first axis, such
that displacement of the object emplacement/removal tool, relative to the base,
and along a first axis, is obtainable, and the displacement of the object
emplacement/removal tool, relative to the base, and along a first axis, is
obtainable in absence of displacement of the end effector, relative to the base,
and along the first axis, such that positioning of the end effector, relative to the
base, remains unchanged, with effect that the object manipulator is transitionable
between an alignment ineffective configuration and an alignment effective
configuration in response to the displacement of the object emplacement tool,
relative to the end effector, and along the first axis, obtained in absence of

displacement of the end effector, relative to the base, along the first axis;

the object emplacement/removal tool and the end effector are co-operatively
configurable with effect that the end effector is displaceable, with the object
emplacement/removal tool, relative to the base, along a second axis, and in
response to extension or retraction of the object emplacement/removal tool, such
that displacement of the end effector, with the object emplacement/removal tool,
relative to the base, along the second axis, and in response to extension or
retraction of the object emplacement/removal tool, is obtainable, such that the
object manipulator is transitionable between the alignment effective configuration
and an object emplacement/removal effective configuration in response to the
displacement of the end effector, relative to the base, along the second axis, and
in response to the extension or the retraction of the object emplacement/removal

tool; and

the second axis is disposed parallel to an axis that is transverse to the first axis.

97. The robot as claimed in claim 96;

wherein;
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the axis, that is transverse to the first axis, and to which the second axis is

disposed in parallel relationship, is perpendicular to the first axis.

98. The robot as claimed in claim 96 or 97;

wherein;

the object emplacement/removal tool and the end effector are further co-
operatively configurable with effect that displacement of the end effector, relative
to the object emplacement/removal tool, along the second axis, wherein the
restriction of the displacement of the end effector, relative to the object
emplacement/removal tool, along the second axis, is effective for establishing the

displaceability of the end effector with the object emplacement/removal tool.

99. The robot as claimed in any one of claims 96 to 98;

100.

wherein;

the object emplacement/removal tool includes:
an extendible arm;

extension or retraction of the object emplacement/removal tool is based on a

corresponding extension or retraction of the extendible arm; and

the extendible arm and the end effector are co-operatively configurable such that
the extendible arm is displaceable, relative to the base, and along a first axis,
such that displacement of the extendible arm, relative to the base, and along a
first axis, is obtainable, and the displacement of the extendible arm, relative to
the base, and along a first axis, is obtainable in absence of displacement of the

end effector, relative to the base, and along the first axis;

such that the displacement of the object emplacement/removal tool, relative to
the base, and along a first axis, is obtainable in response to the displacement of

the extendible arm, relative to the base, and along a first axis.

The robot as claimed in claim 99;
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wherein;

the object emplacement/removal tool further includes:

a driver;

the extendible arm and the driver are co-operatively configurable with effect that:
(i) the driver is displaceable with the extendible arm, relative to the base, and
along the first axis, in response to the displacement of the extendible arm,
relative to the base, and along a first axis, such that displacement of the driver,
relative to the base, and along a first axis, is obtainable, and the displacement of
the driver, relative to the base, and along a first axis, is obtainable in absence of
displacement of the end effector, relative to the base, and along the first axis;,
and (ii) the driver is displaceable with the extendible arm, relative to the base,
and along the second axis, in response to the extension or the retraction of the

extendible arm, relative to the base;

the extendible arm and the driver are co-operatively configurable with effect that
the driver is displaceable, relative to the base, independently of the extendible
arm, and along a third axis, such that displacement of the driver, relative to the
base, and along the third axis is obtainable, and such that the object manipulator
is transitionable between an object distribution ready configuration and the
alignment ineffective configuration in response to the displacement of the driver,

relative to the extendible arm, and along the third axis;
the end effector is mounted to the driver;

the end effector and the driver are co-operatively configurable with effect that: (i)
the end effector is displaceable with the driver, relative to the base, and along the
third axis, in response to the displacement of the driver, relative to the base, and
along a third axis, (ii) the obtainability of the displacement of the driver, relative to
the base, and along a first axis, in the absence of displacement of the end
effector, relative to the base, and along the first axis, is established, and (iii) the
end effector is displaceable with the driver, relative to the base, and along the
second axis, in response to the extension or the retraction of the extendible arm,

relative to the base; and
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the third axis is disposed parallel to an axis that is transverse to the first axis.
101. The robot as claimed in claim 100;
wherein:

the axis, that is transverse to the first axis, and to which the third axis is disposed

in parallel relationship, is perpendicular to the first axis.
102. The robot as claimed in claim 100 or 101;
wherein:
the third axis is parallel to the second axis.
103. The robot as claimed in any one of claims 100 to 102;
wherein:

the extendible arm and the driver are further co-operatively configurable with
effect that displacement of the driver, relative to the extendible arm, along the
first axis is restricted, wherein the restriction of the displacement of the driver,
relative to the extendible arm, along the first axis, is effective for establishing the
displaceability of the driver with the extendible arm in response to displacement

of the extendible arm, relative to the base, and along a first axis.
104. The robot as claimed in any one of claims 100 to 103;
wherein:

the extendible arm and the driver are further co-operatively configurable with
effect that displacement of the driver, relative to the extendible arm, along the
second axis is restricted, wherein the restriction of the displacement of the
driver, relative to the object emplacement/removal tool, along the second axis, is
effective for establishing the displaceability of the driver with the extendible arm

in response to the extension or the retraction of the extendible arm.

105. The robot as claimed in any one of claims 96 to 104, and being configured for co-

operation with a pre-existing object and an object supporter, wherein the pre-existing object is
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being supported by the object supporter for emplacing a robot-manipulatable object, relative to
the supported pre-existing object, such that the robot-manipulatable object becomes supported
by the object supporter in a side-by-side relationship with the pre-existing object, wherein the

emplacing includes:

while the end effector is disposed in the object distribution ready configuration and
grasping the robot-manipulatable object, such that a grasped robot-manipulatable object
is established, transitioning the object manipulator to, in sequence, the alignment
ineffective configuration, the alignment effective configuration, and the object

emplacement/removal effective configuration; and

while the object manipulator is disposed in the object emplacement/removal effective
configuration, releasing the grasped robot-manipulatable object, with effect that the
robot-manipulatable object becomes supported on the object supporter in a side-by-side

relationship with the supported pre-existing object;
wherein:
the supported pre-existing object is disposed such that:

while the object manipulator is disposed in the alignment ineffective
configuration, the supported pre-existing object is effective for interfering

with an extension of the extendible arm; and

while the object manipulator is disposed in the alignment effective
configuration, there is an absence of interference, by the supported pre-

existing object, for interfering with an extension of the extendible arm.
106. The robot as claimed in claim 105;
wherein:

the interference, to an extension of the extendible arm, by the supported pre-
existing object, is with effect that the object manipulator collides with the

supported pre-existing object.

107. The robot as claimed in claim 105 or 106;
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wherein;

the disposition of the supported pre-existing object is such that, the emplacement
of the robot manipulatable object, relative to the supported pre-existing object,
such that the robot manipulatable object is supported by the object supporter in a
side-by-side relationship with the supported pre-existing object, the minimum
spacing distance between opposing sides of the supported robot manipulatable

object and the supported pre-existing object is less than two (2) inches.

108. The robot as claimed in any one of claims 100 to 104, and being configured for co-
operation with a target object, an adjacent object, and an object supporter for removing the
target object, wherein the target object and the adjacent object are being supported by the

object supporter and disposed in a side-by-side relationship, wherein the removing includes:

while the object manipulator is disposed in the object emplacement/removal effective
configuration, grasping the target object with the end effector, such that a grasped robot-

manipulatable object is established;

while the object manipulator is disposed in the object emplacement/removal effective
configuration and the end effector is grasping the target object, transitioning the object
manipulator to, in sequence, the alignment effective configuration, the alignment

ineffective configuration, and the object distribution ready configuration;
wherein:

while the object manipulator is disposed in the alignment effective configuration,
the co-operative disposition of the extendible arm and the grasped robot-
manipulatable object is effective for interfering with the displacement of the

driver, relative to the base, and along the third axis; and

while the object manipulator is disposed in the alignment ineffective
configuration, the extendible arm and the grasped robot-manipulatable object are
co-operatively disposed such that there is an absence of interference to the

displacement of the driver, relative to the base, and along the third axis.

109. The robot as claimed in claim 108;
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wherein;

the minimum spacing distance between opposing sides of the target object and

the adjacent object is less than two (2) inches.

110. The robot as claimed in any one of claims 96 to 109, and being configured for displacing
an object relative to an object supporter, the object supporter being configured to support the

object and another object in a side by side configuration, and further comprising:
a robot-defined object supporter configured to support the object.
111.  The robot as claimed in any one of claims 96 to 110;

wherein;

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.

112. The robot as claimed in any one of claims 96 to 111, being configured for: (i) displacing
a first object relative to a first object supporter, the first object supporter being configured to
support the first object, and (ii) displacing a second object relative to a second object supporter,
the second object supporter is configured to support the second object, wherein the first object
supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the end effector is configured, includes the grasping of the first object and the grasping

of the second object.

113. The robot as claimed in claim 112, wherein the minimum spacing distance is greater

than 25 inches.
114. The robot as claimed in claim 112 or 113;

wherein;
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the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.

115. A robot, comprising:

a base;

an object manipulator, comprising:

an extendible arm configured for extension and retraction;

an end effector configured for grasping an object;

wherein;

the end effector is coupled to the extendible arm such that:

the end effector is displaceable laterally, relative to the base, in

response to extension or retraction of the extendible arm; and

the end effector is displaceable laterally, relative to the extendible

arm.

116. The robot of claim 115, wherein:

the end effector is displaceable laterally, relative to the extendible arm, in a first

direction, and also in a second direction that is opposite the first direction.

117. The robot of claim 115 or claim 116, wherein the extendible arm is a telescoping arm.

118. The robot of claim 117, wherein:

the telescoping arm comprising a plurality of arm segments, the plurality of arm

segments defining a terminal arm segment;

the end effector is coupled to the terminal arm segment, such that:

the coupling of the end effector to the telescoping arm is effected by the coupling

of the end effector to the terminal arm segment; and
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the end effector is displaceable laterally, relative to the terminal arm segment.
119. The robot of claim 117 or claim 118, wherein:

the end effector is displaceable laterally, relative to the telescoping arm, along the

central longitudinal axis of the telescoping arm.
120. The robot of any one of claims 117 to 119, wherein:
the telescoping arm is extendible and retractable along an extension axis;

the end effector is displaceable laterally, relative to the telescoping arm, along the

extension axis.

121.  The robot of any one of claims 117 to 120, wherein:

the telescoping arm is extendible from a retracted configuration to a first extended
configuration, and also extendible from the retracted configuration to a second extended

configuration;
wherein:

in transitioning from the retracted configuration to the first extended configuration,

the telescoping arm is extended in a first direction;

in transitioning from the retracted configuration to the second extended
configuration, the telescoping arm is extended in a second direction that is

opposite the first direction;

the end effector is displaceable laterally, relative to the telescoping arm, while the

telescoping arm is disposed in the retracted configuration.

122. The robot of claim 121, wherein the end effector is displaceable laterally, relative to the

telescoping arm, while the telescoping arm is disposed in the first extended configuration.

123. The robot of claim 121 or claim 122, wherein the end effector is displaceable laterally,
relative to the telescoping arm, while the telescoping arm is disposed in the second extended

configuration.
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124. The robot of any one of claims 115 to 123, further comprising:

a lift mechanism, wherein the object manipulator is displaceable vertically by the lift

mechanism, relative to the base.

125. The robot as claimed in any one of claims 115 to 124;

wherein;

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.

126. The robot as claimed in any one of claims 115 to 125, being configured for: (i) displacing
a first object relative to a first object supporter, the first object supporter being configured to
support the first object, and (ii) displacing a second object relative to a second object supporter,
the second object supporter is configured to support the second object, wherein the first object
supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the end effector is configured, includes the grasping of the first object and the grasping

of the second object.

127. The robot as claimed in claim 126, wherein:

the minimum spacing distance is greater than 25 inches.

128. The robot as claimed in claim 126 or claim 127;

wherein;

the base is a mobile base including a mobility platform configured for becoming co-
operatively disposed in contact engagement with a reaction surface for facilitating

movement of the robot across the reaction surface within the aisle.

129. A robot, comprising:

a base;

182



WO 2022/104464 PCT/CA2021/051632

an object manipulator, comprising:

an end effector, the end effector comprising:

a first grasping configuration disposed on a first side of the end effector;

and

a second grasping configuration disposed on a second side of the end

effector that is opposite the first side;

a robot-defined object supporter configured to support the object, such that, while the
object is supported on the robot-defined object supporter, a supported object is

established:;

wherein;

each one of the first grasping configuration and the second configuration,
independently, is configured for grasping an object, such that a grasped object is

established; and

while the object is supported by the robot-defined object supporter:

the object manipulator is configurable in a first configuration, a second

configuration, a third configuration, and a fourth configuration;

in the first configuration:

a first side of the supported object is grasped by the first grasping
configuration, such that the end effector is coupled to the first side

of the supported object;

in the second configuration:

there is an absence of coupling between the end effector and the

supported object, and

the first grasping configuration and the first side of the supported

object are disposed in opposing relationship;
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in the third configuration:

there is an absence of coupling between the end effector and the

supported object, and

the second grasping configuration and a second side of the
supported object are disposed in opposing relationship, wherein,
relative to the first side, the second side of the supported object is

disposed on an opposite side of the supported object;
in the fourth configuration:

the second side of the supported object is grasped by the second
grasping configuration, such that the end effector is coupled to the

second side of the supported object;
the object manipulator is:

transitionable from the first configuration to the second

configuration;

transitionable from the second configuration to the third

configuration; and

transitionable from the third configuration to the fourth

configuration.
130. The robot as claimed in claim 129, wherein:

the transition from the second configuration to the third configuration is with effect that

the end effector clears the supported object.
131. The robot as claimed in claim 129 or 130;
wherein:

the transitioning from the second configuration to the third configuration is with effect that

the end effector is vertically displaced during the transitioning.
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132. The robot as claimed in claim 129 or 130;
wherein:
the transitioning from the second configuration to the third configuration includes:

an upwardly displacement of the end effector, with effect that the end effector

becomes emplaced above the supported object;

while the end effector is emplaced above the supported object, a lateral
displacement of the end effector, with effect that the end effector traverses the

supported object;

after the traversing of the supported object by the end effector, a downwardly

displacement of the end effector.
133. The robot of any one of claims 129 to 132, wherein:
the object manipulator further comprises an extendible arm;

wherein the end effector is coupled to the extendible arm such that the extendible arm is

extendible and retractable for moving the end effector.
134. The robot of claim 133, wherein:

the extendible arm is vertically displaceable, relative to the robot-defined object

supporter;

the vertical displacement of the end effector during transition of the object manipulator
from the second configuration to the third configuration is effected by vertical

displacement of the extendible arm, relative to the robot-defined object supporter.
135. The robot of claim 134, wherein:

the lateral displacement of the end effector, for effecting the transition of the object
manipulator from the second configuration to the third configuration, is lateral
displacement of the end effector, relative to the robot-defined object supporter, the

lateral displacement effectible in response to actuation of the extendible arm.
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The robot of claim 134, further comprising:

an end effector actuator configuration that is disposed in operable communication with

the end effector:;
wherein:

the end effector is coupled to the extendible arm, such that the end effector is
displaceable laterally, relative to the extendible arm, in response to extension or
retraction of the extendible arm via actuation by the end effector actuator

configuration;

the lateral displacement of the end effector, for effecting the transition of the
object manipulator from the second configuration to the third configuration, is

lateral displacement of the end effector, relative to the extendible arm.
The robot of claim 136, wherein:

the lateral displacement of the end effector, relative to the extendible arm, effectible in
response to extension or retraction of the extendible arm via actuation by the end
effector actuator configuration, is independent of displacement of the end effector, in

response to extension or retraction of the extendible arm.

The robot of any one of claims 133 to 137, wherein the extendible arm is a telescoping

The robot of any one of claims 129 to 138, wherein:

while the robot is disposed between a first object supporter and second object supporter,
wherein the first object supporter defines a first supporting surface, the second object
supporter defines a second supporting surface, and the first and second supporting

surfaces are disposed at the same elevation,

and while one of the first and second grasped configurations is grasping an

object on the first object supporter such that the grasped object is established:
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the object manipulator is emplaceable in the first configuration in
response to displacement of the object, by the object manipulator from

the first object supporter to the robot-defined object supporter;

and while the object manipulator is disposed in the fourth configuration, the
supported object is displaceable, by the object manipulator, from the robot-
defined object supporter, to the second object supporter for supporting of the

object by the second supporting surface.

140. The robot of any one of claims 129 to 139, wherein the object manipulator is vertically

displaceable, relative to the base.
141. The robot of claim 140, further comprising:
a lift mechanism;

wherein the vertical displaceability of the object manipulator, relative to the base, is

effected by the lift mechanism
142. The robot as claimed in any one of claims 129 to 141;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.

143. The robot as claimed in any one of claims 129 to 142, being configured for: (i) displacing
a first object relative to a first object supporter, the first object supporter being configured to
support the first object, and (ii) displacing a second object relative to a second object supporter,
the second object supporter is configured to support the second object, wherein the first object
supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the end effector is configured, includes the grasping of the first object and the grasping

of the second object.

144. The robot as claimed in claim 143, wherein:
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the minimum spacing distance is greater than 25 inches.
145. The robot as claimed in claim 143 or claim 144;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.
146. A robot, comprising:
a base;
an object manipulator, comprising:
a first end effector configured for grasping an object;

a robot-defined object supporter configured to support the object, such that, while the
object is supported on the robot-defined object supporter, a supported object is

established:;
a second end effector, configured for grasping the object;
wherein:
the first end effector is displaceable laterally, relative to the base; and
the second end effector is displaceable longitudinally, relative to the base.
147. The robot of claim 146, wherein the object manipulator further comprises:
an extendible arm;

the first end effector is coupled to the extendible arm such that the lateral displacement
of the end effector, relative to the base, is effectible in response to extension or

retraction of the extendible arm.

148. The robot of claim 147, further comprising:
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a second end effector actuator configuration, disposed in operable communication with

the second end effector:;

the longitudinal displacement of the second end effector, relative to the base, is

effectible in response to actuation by the second end effector actuator configuration.

149. The robot of any one of claims 146 to 148, wherein:

the second end effector is configurable in a retracted configuration and an extended

configuration;

wherein;

the first end effector, the second end effector, the extendible arm, and the robot-
defined object supporter are co-operable with an object and a first object

supporter such that:

while: (i) a first object supporter is disposed on a side of the robot-defined
object supporter, (ii) the object is supported by the first object supporter,
and (iii) the first end effector is grasping the object, such that the grasped

object is established:

in the retracted configuration, the second end effector is disposed,
relative to the extendible arm, such that there is absence of interference,
by the second end effector, to effect lateral movement of the grasped

object, towards the robot-defined object supporter, by the extendible arm.

150. The robot of claim 149, wherein:

the second end effector and the robot-defined object supporter are co-operable with the

object and a second object supporter such that:

while: (i) a second object supporter is disposed in front of the robot-defined
object supporter, (ii) the object is supported by the second object supporter, and
(i) the second end effector is disposed in the extended configuration and is

grasping the object, such that the grasped object is established:
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the grasped object is movable towards the robot-defined object supporter

by the second end effector.
151. The robot of claim 150, wherein:

the movement of the grasped object towards the robot-defined object supporter by the
second end effector is effectible in response to the longitudinal displacement of the

second end effector, relative to the base.

152. The robot of any one of claims 147 to 151, wherein the extendible arm is a telescoping

arm.
153. The robot of any one of claims 146 to 152, wherein:

the longitudinal displacement of the second end effector, relative to the base, is

independent of the lateral displacement of the first end effector, relative to the base.

154. The robot of any one of claims 146 to 153, wherein the object manipulator further

comprises:

a robot-defined object supporter, wherein the robot-defined object supporter is laterally

displaceable, relative to the base;

the second end effector is coupled to the robot-defined object supporter such that the
second end effector is laterally displaceable, with the robot-defined object supporter,

relative to the base.

155. The robot of any one of claims 146 to 154, wherein the object manipulator is

displaceable vertically relative to the base.
156. The robot of claim 155, further comprising:
a lift mechanism;

wherein the vertical displaceability of the object manipulator, relative to the base, is

effected by the lift mechanism

157. The robot as claimed in any one of claims 146 to 156;
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wherein;

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.

158. The robot as claimed in any one of claims 146 to 157, being configured for: (i) displacing
a first object relative to a first object supporter, the first object supporter being configured to
support the first object, and (ii) displacing a second object relative to a second object supporter,
the second object supporter is configured to support the second object, wherein the first object
supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the first end effector is configured, includes the grasping of the first object and the

grasping of the second object.
159. The robot as claimed in claim 158, wherein:
the minimum spacing distance is greater than 25 inches.
160. The robot as claimed in claim 158 or claim 159;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.
161. A robot, comprising:
a base;
an object manipulator configured for:
grasping an object, such that a grasped object is established; and

moving the grasped object;
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a lift mechanism, for vertically displacing the object manipulator relative to the

base, and including a frame mounted to the base, wherein the frame includes:
a first frame section;
a second frame section; and

an intermediate frame section disposed between the first frame section

and the second frame section;
wherein:

the first frame section and the second frame section are disposed in

opposing relationship;

the first frame section, the second frame section, and the intermediate
frame section co-operatively configured such that a torque-receiving

frame portion is defined;

the object manipulator is coupled to the frame, such that the object
manipulator is moveable relative to the frame for effectuating the vertical
displacement, and such that, while the object manipulator is moving the
grasped object, a force is transmitted from the object manipulator to the
frame, with effect that a torque is applied to the torque-receiving frame

portion;

the torque-receiving frame portion is configured to resist the torque

applied to the frame.
162. The robot of claim 161, wherein:

the torque-receiving frame portion has a C-shaped cross-section taken along a vertical

axis.
163. The robot as claimed in claim 161 or 162;

wherein;
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the lift mechanism includes a primer mover for generating a force for urging the

vertical displacement of the object manipulator relative to the base.
The robot of claim 163, wherein:

the lift mechanism includes a carrier coupled to the prime mover for vertical

displacement by the prime mover,;

the object manipulator and the carrier are co-operatively configured such that the object
manipulator is displaceable with the carrier, such that the vertical displacement of the

object manipulator is based on the vertical displacement of the carrier;
the torque-receiving frame portion defines a cavity;

the vertical displaceability of the carrier is such that the lift mechanism is displaceable

between a retracted configuration and an extended configuration;

while the carrier is disposed in the retracted configuration, the lift mechanism is

disposed within the cavity;

while the carrier is disposed in the extended position, the carrier is disposed above the

cavity.
The robot as claimed in any one of claims 161 to 164;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.

The robot as claimed in any one of claims 161 to 165, being configured for: (i) displacing

a first object relative to a first object supporter, the first object supporter being configured to

support the first object, and (ii) displacing a second object relative to a second object supporter,

the second object supporter is configured to support the second object, wherein the first object

supporter is disposed opposite the second object supporter in a spaced-apart relationship such

that an aisle is defined, wherein a minimum spacing distance, between the first and second

object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
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for which the object manipulator is configured, includes the grasping of the first object and the

grasping of the second object.
167. The robot as claimed in claim 166, wherein:
the minimum spacing distance is greater than 25 inches.
168. The robot as claimed in claim 166 or claim 167;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.
169. A robot, comprising:
a base;
an object manipulator, comprising:
a telescoping arm;
an end effector coupled to the telescoping arm;
wherein:

the end effector is configured for grasping an object, such that a grasped object

is established; and
the telescoping arm is extendible and retractable for moving the grasped object;
the telescoping arm includes a plurality of arm segments;

at least one of the plurality of arm segments has a C-shaped cross-section, such
that the telescoping arm includes at least one C-shaped cross-section defined

arm segment.

170. The robot of claim 169, wherein:
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the plurality of arm segments is defined by a base arm segment, a terminal arm
segment, and at least one intermediate arm segment, the at least one intermediate arm
segment being disposed between the base arm segment and the terminal arm segment;

and

at least one of the at least one intermediate arm segment has a C-shaped cross-section,
such that the at least one C-shaped cross-section defined arm segment includes at least

one of the at least one intermediate arm segment.
171.  The robot of claim 170, wherein:

each one of the at least one intermediate arm segment, independently, has a C-shaped
cross-section, such that the at least one C-shaped cross-section defined arm segment

includes the at least one intermediate arm segment.
172. The robot of claim 170 or claim 171, wherein:

the terminal arm segment has a C-shaped cross-section taken along a lateral axis, such
that the at least one C-shaped cross-section defined arm segment includes the terminal

arm segment.
173. The robot of claim 172, wherein:
the telescoping arm is configurable in a retracted configuration;

while the telescoping arm is disposed in the retracted configuration, the at least one

intermediate arm segment is nested within the terminal arm segment;
174. The robot of claim 173, wherein:
the telescoping arm is configurable in an extended configuration;

while the telescoping arm is disposed in the extended position, at least a portion of the at

least one intermediate arm segment is de-nested from the terminal arm segment.
175. The robot of any one of claims 170 to 174, wherein:

the terminal arm segment includes:
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a first end portion defined by an upwardly extending fold, extending laterally,

relative to the base; and

a second end portion defined by a downwardly extending fold, extend laterally,

relative to the base.

176. The robot arm of any one of claims 169 to 175, wherein the telescoping arm is

actuatable for extension and retraction, for moving the grasped object.

177. The robot arm of any one of claims 169 to 176, wherein the object manipulator is

vertically displaceable, relative to the base.
178. The robot of claim 177, further comprising:
a lift mechanism;

wherein the vertical displaceability of the object manipulator, relative to the base, is

effected by the lift mechanism
179. The robot as claimed in any one of claims 169 to 178;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.

180. The robot as claimed in any one of claims 169 to 179, being configured for: (i) displacing
a first object relative to a first object supporter, the first object supporter being configured to
support the first object, and (ii) displacing a second object relative to a second object supporter,
the second object supporter is configured to support the second object, wherein the first object
supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the end effector is configured, includes the grasping of the first object and the grasping

of the second object.
181. The robot as claimed in claim 180, wherein:
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the minimum spacing distance is greater than 25 inches.
182. The robot as claimed in claim 180 or claim 181;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.
183. A robot, comprising:

a base;
an object manipulator including:

an end effector for grasping an object;

wherein:

the end effector is displaceable relative to the base; and

a temperature sensor, displaceable with the end effector;
wherein:

the end effector and the temperature sensor are co-operatively configured such
that, while the end effector is being displaced relative to the base, the
temperature sensor is effective for collecting a plurality of temperature data,
wherein each one of the temperature data, independently, is representative of a

temperature.
184. The robot as claimed in claim 183;
wherein:

the end effector is co-operable with an object and an object supporter for
executing an object displacement operation, wherein the object displacement

operation includes:
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while the end effector is spaced-apart from the object supporter, and

there is an absence of grasping of an object by the end effector such that

the end effector is disposed in an object grasping-absent state:

and

displacing the end effector, relative to the base, towards the object
supporter, such that the end effector becomes disposed, relative

to the object, in a grasping-effective relationship;

while the end effector is disposed in the grasping-effective
relationship, grasping the object, such that a grasped object is

established:;

while the end effector is grasping the object, displacing the end effector,

relative to the base, away from the object supporter, such that the

grasped object is displaced away from the object supporter;

the end effector is co-operable with an object and an object supporter for

executing an object emplacement operation, wherein the object emplacement

operation includes:

while the end effector is grasping an object and spaced-apart from the

object supporter:

and

displacing the end effector, relative to the base, towards the object
supporter, such that the grasped object becomes disposed in a

releasing-effective relationship with the object supporter; and

while the grasped object is disposed in a releasing-effective
relationship with the object supporter, releasing the object, such
that the object becomes supported on the object supporter and
the end effector becomes disposed in the object grasping-absent

state;
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after the releasing of the grasped object, and while the end effector is
disposed in the grasping-absent state, displacing the end effector, relative

to the base, away from the object supporter;
and

the end effector and the temperature sensor are co-operatively configured such
that, during at least one of the object displacement operation and the object

emplacement operation:

for each one of the at least one of the object displacement operation and
the object emplacement operation, independently, the temperature
sensor is effective for collecting a plurality of temperature data, wherein
each one of the collected data, independently, is representative of a

temperature.
185. The robot as claimed in claim 184;
wherein:

the at least one of the object displacement operation and the object
emplacement operation is both of the object displacement operation and the
object emplacement operation, such that the temperature sensor is effective for
collecting the plurality of temperature data for, independently, each one of the

object displacement operation and the object emplacement operation.
186. The robot as claimed in any one of claim 183 to 185;
wherein:

for each one of the collected data, independently, the collected datum is

representative of a temperature at a discrete location in space.
187. The robot as claimed in any one of claims 183 to 186, further comprising:

a controller is configured to execute instructions stored in a memory that, when

executed, causes the controller to:
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process the data from the temperature sensor to generate a temperature map.
188. The robot as claimed in any one of claims 183 to 187;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface.

189. The robot as claimed in any one of claims 183 to 188, being configured for: (i) displacing
a first object relative to a first object supporter, the first object supporter being configured to
support the first object, and (ii) displacing a second object relative to a second object supporter,
the second object supporter is configured to support the second object, wherein the first object
supporter is disposed opposite the second object supporter in a spaced-apart relationship such
that an aisle is defined, wherein a minimum spacing distance, between the first and second
object supporters, of less than 12 feet is defined within the aisle, and the grasping of an object,
for which the end effector is configured, includes the grasping of the first object and the grasping

of the second object.
190. The robot as claimed in claim 189, wherein:
the minimum spacing distance is greater than 25 inches.
191. The robot as claimed in claim 189 or claim 190;
wherein:

the base is a mobile base including a mobility platform configured for becoming
co-operatively disposed in contact engagement with a reaction surface for

facilitating movement of the robot across the reaction surface within the aisle.
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Continuation of Box III
The Independent Claims have been grouped as follows:

Group A -1, 16,30
Group B - 41

Group C - 69, 81, 161
Group D - 88, 96,
Group E - 129, 146
Group F - 169

Group G- 183

Group A appears to be directed to a robot with an extendable arm, grasping an object.

Group B appears to be directed to a robot with an anchor which anchors it to the floor.

Group C appears to be directed to a robot with a manipulator which is displaced vertically.

Group D appears to be directed to a robot with a manipulator comprising both an emplacement/removal tool and an end effector for grasping.
Group E appears to be directed to a robot with robot defined object supporters.

Group F appears to be directed to a robot with a telescoping arm.

Group G appears to be directed to a robot with a temperature sensor at or near the manipulator.
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