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Description

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates in general to inventory
systems, and more particularly to a method and system
for efficient management of mobile drive units within an
inventory system.

BACKGROUND OF THE INVENTION

[0002] Modern inventory systems, such as those in
mail-order warehouses, supply chain distribution cent-
ers, airport luggage systems, and custom-order manu-
facturing facilities, face significant challenges in respond-
ing to requests for inventory items. As inventory systems
grow, the challenges of simultaneously completing a
large number of packing, storing, and other inventory-
related tasks becomes non-trivial. In inventory systems
tasked with responding to large numbers of diverse in-
ventory requests, inefficient utilization of system resourc-
es, including space, equipment, and manpower, can re-
sult in lower throughput, unacceptably long response
times, an ever-increasing backlog of unfinished tasks,
and, in general, poor system performance. Additionally,
expanding or reducing the size or capabilities of many
inventory systems requires significant changes to exist-
ing infrastructure and equipment. As a result, the cost of
incremental changes to capacity or functionality may be
prohibitively expensive limiting the ability of the system
to accommodate fluctuations in system throughput.
[0003] US 5,625,559 discloses controlling transport of
unmanned vehicles over a travel grid formed from a plu-
rality of nodes and connection routes connecting the
nodes, in which travel routes are searched such that an
unmanned vehicle does not travel in the opposite direc-
tion over the same connection route as another un-
manned vehicle.

SUMMARY OF THE INVENTION

[0004] In accordance with the present invention there
is provided an automated inventory system for transport-
ing inventory items and a method of operation for a self-
powered mobile drive unit within a work space, as defined
by the appended claims.
[0005] In accordance with the present disclosure, the
disadvantages and problems associated with inventory
storage have been substantially reduced or eliminated.
In particular, a mobile inventory system is provided that
includes one or more mobile drive units capable of mov-
ing any of one or more inventory holders between loca-
tions within a physical space associated with the mobile
inventory system.
[0006] In accordance with the present disclosure, a
method for moving a mobile drive unit within a workspace
includes receiving a path between a first point and a sec-
ond point. The path includes an initial segment and one

or more additional segments. The initial segment in-
cludes a portion of the path adjacent to the first point and
at least one of the additional segments includes a portion
of the path adjacent to the second point. The method
further includes storing the path, reserving the initial seg-
ment of the path, and moving away from the first point
along the initial segment. After initiating movement along
the initial segment, the method includes reserving each
of the additional segments of the path and moving toward
the second point along each of the additional segments
while that segment is reserved.
[0007] In accordance with the present disclosure, a
system for transporting inventory items includes a route
planning module, a segment reservation module, and a
mobile drive unit. The route planning module transmits
a route response to the mobile drive unit that defines a
path between a first point and a second point. The seg-
ment reservation module receives a reservation request
from the mobile drive unit. The reservation request iden-
tifies a requested segment to be reserved. In response
to receiving the reservation request, the segment reser-
vation module decides whether to reserve at least the
requested segment for the requesting mobile drive unit
and transmits a reservation response to the reservation
requesting mobile drive unit. The reservation response
indicates whether the requested segment has been re-
served.
[0008] The mobile drive unit receives the route re-
sponse defining the path. The path includes an initial seg-
ment and one or more additional segments. The initial
segment includes a portion of the path adjacent to the
first point and at least one of the additional segments
includes a portion of the path adjacent to the second
point. The mobile drive unit additionally stores the path,
reserves the initial segment of the path, and moves away
from the first point along the initial segment.. After initi-
ating movement along the initial segment, the mobile
drive unit reserves each of the one or more additional
segments of the path and moves toward the second point
along each segment while that segment is reserved.
[0009] Technical advantages of certain examples dis-
closed herein include the ability to optimize the use of
space and equipment to complete inventory-related
tasks. Additionally, particular examples may utilize a plu-
rality of independently-operating drive units, each capa-
ble of accessing and moving a particular inventory item
stored anywhere within the inventory system. Such a
configuration may provide the ability for the inventory sys-
tem to access in an arbitrary order any item stored in the
system and allow for parallel completion of multiple in-
ventory tasks in a system that is easily scalable and port-
able. Other technical advantages of certain examples in-
clude providing a flexible and scalable inventory storage
solution that can be easily adapted to accommodate sys-
tem growth and modification and allocating system-level
resources in an efficient manner to the completion of in-
dividual tasks.
[0010] Other technical advantages of the present in-
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vention will be readily apparent to one skilled in the art
from the following figures, descriptions, and claims.
Moreover, while specific advantages have been enumer-
ated above, various examples may include all, some, or
none of the enumerated advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of the
present invention and its advantages, reference is now
made, by way of example, to the following description,
taken in conjunction with the accompanying drawings, in
which:

FIGURE 1 illustrates components of an inventory
system according to a particular example;
FIGURE 2 illustrates in greater detail the compo-
nents of an example management module that may
be utilized in particular examples of the inventory
system shown in FIGURE 1;
FIGURES 3A and 3B illustrate in greater detail an
example mobile drive unit that may be utilized in par-
ticular examples of the inventory system shown in
FIGURE 1;
FIGURE 4 illustrates in greater detail an example
inventory holder that may be utilized in particular ex-
amples of the inventory system shown in FIGURE 1;
FIGURE 5 illustrates an example of routing and res-
ervation techniques that may be utilized by the man-
agement module in particular examples of the inven-
tory system illustrated in FIGURE 1;
FIGURE 6 is a flowchart detailing example operation
of a particular example of the management module
in managing movement of mobile drive units in the
inventory system;
FIGURE 7 illustrates an example inventory system
that is capable of planning paths for a requesting
mobile drive unit based on the mobile drive unit’s
current state;
FIGURE 8 is a flowchart detailing example operation
of a particular example of the management module
in implementing the techniques described in FIG-
URE 7;
FIGURE 9 illustrates an example of the inventory
system capable of optimizing the placement of mo-
bile drive units based on their assignment state;
FIGURE 10 illustrates an example of the inventory
system capable of optimizing the placement of mo-
bile drive units based on their capability state;
FIGURE 11 is a flowchart detailing operation of a
particular example of the management module in im-
plementing the techniques described in FIGURE 9;
FIGURES 12A-12E illustrate an example of coordi-
nated movement that may be executed by particular
examples of the mobile drive unit;
FIGURE 13 is a flowchart detailing example opera-
tion of the management module in facilitating the co-
ordinated movement illustrated in FIGURES 12A-

12E;
FIGURE 14 is a flowchart detailing example opera-
tion of a mobile drive unit in implementing the coor-
dinated movement illustrated in FIGURES 12A-12E;
FIGURE 15 illustrates an example of the inventory
system that includes conveyance equipment capa-
ble of transporting mobile drive units between sep-
arate portions of the workspace;
FIGURE 16 illustrates techniques that the inventory
system may use in assigning tasks based on the
availability and characteristics of conveyance equip-
ment;
FIGURE 17 is a flowchart illustrating the operation
of a particular of resource scheduling module in se-
lecting paths for mobile drive units in a workspace
that utilizes drive lifts;
FIGURE 18 illustrates an example of the inventory
system that includes one or more rotation areas for
the rotation of inventory holders;
FIGURES 19A-19E illustrate example operation of
a particular example of mobile drive unit in utilizing
a rotation area; and
FIGURES 20A-20F illustrate example operation of
a particular example of mobile drive unit while trans-
porting inventory holders outside of the rotation ar-
eas illustrated in FIGURES 18 and 19A-19E.

DETAILED DESCRIPTION

[0012] FIGURE 1 illustrates the contents of an inven-
tory system 10. Inventory system 10 includes a manage-
ment module 15, one or more mobile drive units 20, one
or more inventory holders 30, and one or more inventory
stations 50. Mobile drive units 20 transport inventory
holders 30 between points within a workspace 70 in re-
sponse to commands communicated by management
module 15. Each inventory holder 30 stores one or more
types of inventory items. As a result, inventory system
10 is capable of moving inventory items between loca-
tions within workspace 70 to facilitate the entry, process-
ing, and/or removal of inventory items from inventory sys-
tem 10 and the completion of other tasks involving inven-
tory items.
[0013] Management module 15 assigns tasks to ap-
propriate components of inventory system 10 and coor-
dinates operation of the various components in complet-
ing the tasks. These tasks may relate not only to the
movement and processing of inventory items, but also
to the management and maintenance of the components
of inventory system 10. For example, management mod-
ule 15 may assign portions of workspace 70 as parking
spaces for mobile drive units 20, the scheduled recharge
or replacement of mobile drive unit batteries, the storage
of empty inventory holders 30, or any other operations
associated with the functionality supported by inventory
system 10 and its various components. Management
module 15 may select components of inventory system
10 to perform these tasks and communicate appropriate
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commands and/or data to the selected components to
facilitate completion of these operations. Although shown
in FIGURE 1 as a single, discrete component, manage-
ment module 15 may represent multiple components and
may represent or include portions of mobile drive units
20 or other elements of inventory system 10. As a result,
any or all of the interaction between a particular mobile
drive unit 20 and management module 15 that is de-
scribed below may, in particular examples, represent
peer-to-peer communication between that mobile drive
unit 20 and one or more other mobile drive units 20. The
contents and operation of an example of management
module 15 are discussed further below with respect to
FIGURE 2.
[0014] Mobile drive units 20 move inventory holders
30 between locations within workspace 70. Mobile drive
units 20 may represent any devices or components ap-
propriate for use in inventory system 10 based on the
characteristics and configuration of inventory holders 30
and/or other elements of inventory system 10. In a par-
ticular example of inventory system 10, mobile drive units
20 represent independent, self-powered devices config-
ured to freely move about workspace 70. In alternative
examples, mobile drive units 20 represent elements of a
tracked inventory system 10 configured to move inven-
tory holder 30 along tracks, rails, cables, crane system,
or other guidance or support elements traversing work-
space 70. In such an example, mobile drive units 20 may
receive power and/or support through a connection to
the guidance elements, such as a powered rail. Addition-
ally, in particular examples of inventory system 10 mobile
drive units 20 may be configured to utilize alternative con-
veyance equipment to move within workspace 70 and/or
between separate portions of workspace 70. The con-
tents and operation of an example of a mobile drive unit
20 are discussed further below with respect to FIGURES
3A and 3B.
[0015] Additionally, mobile drive units 20 may be ca-
pable of communicating with management module 15 to
receive information identifying selected inventory holders
30, transmit the locations of mobile drive units 20, or ex-
change any other suitable information to be used by man-
agement module 15 or mobile drive units 20 during op-
eration. Mobile drive units 20 may communicate with
management module 15 wirelessly, using wired connec-
tions between mobile drive units 20 and management
module 15, and/or in any other appropriate manner. As
one example, mobile drive unit 20 may communicate with
management module 15 and/or with one another using
802.11, Bluetooth, or Infrared Data Association (IrDA)
standards, or any other appropriate wireless communi-
cation protocol. As another example, in a tracked inven-
tory system 10, tracks or other guidance elements upon
which mobile drive units 20 move may be wired to facil-
itate communication between mobile drive units 20 and
other components of inventory system 10. Furthermore,
as noted above, management module 15 may include
components of individual mobile drive units 20. Thus, for

the purposes of this description and the claims that follow,
communication between management module 15 and a
particular mobile drive unit 20 may represent communi-
cation between components of a particular mobile drive
unit 20. In general, mobile drive units 20 may be powered,
propelled, and controlled in any manner appropriate
based on the configuration and characteristics of inven-
tory system 10.
[0016] Inventory holders 30 store inventory items. In a
particular example, inventory holders 30 include multiple
storage bins with each storage bin capable of holding
one or more types of inventory items. Inventory holders
30 are capable of being carried, rolled, and/or otherwise
moved by mobile drive units 20. In particular examples,
inventory holder 30 may provide additional propulsion to
supplement that provided by mobile drive unit 20 when
moving inventory holder 30.
[0017] Additionally, each inventory holder 30 may in-
clude a plurality of faces, and each bin may be accessible
through one or more faces of the inventory holder 30.
For example, in a particular example, inventory holder
30 includes four faces. In such an example, bins located
at a corner of two faces may be accessible through either
of those two faces, while each of the other bins is acces-
sible through an opening in one of the four faces. Mobile
drive unit 20 may be configured to rotate inventory holder
30 at appropriate times to present a particular face and
the bins associated with that face to an operator or other
components of inventory system 10. The contents and
operation of an example of an inventory holder 30 are
discussed further below with respect to FIGURE 4.
[0018] Inventory items represent any objects suitable
for storage, retrieval, and/or processing in an automated
inventory system 10. For the purposes of this description,
"inventory items" may represent any one or more objects
of a particular type that are stored in inventory system
10. Thus, a particular inventory holder 30 is currently
"storing" a particular inventory item if the inventory holder
30 currently holds one or more units of that type. As one
example, inventory system 10 may represent a mail order
warehouse facility, and inventory items may represent
merchandise stored in the warehouse facility. During op-
eration, mobile drive units 20 may retrieve inventory hold-
ers 30 containing one or more inventory items requested
in an order to be packed for delivery to a customer or
inventory holders 30 carrying pallets containing aggre-
gated collections of inventory items for shipment. More-
over, in particular example of inventory system 10, boxes
containing completed orders may themselves represent
inventory items.
[0019] As another example, inventory system 10 may
represent a merchandise-return facility. In such an ex-
ample, inventory items may represent merchandise re-
turned by customers. Units of these inventory items may
be stored in inventory holders 30 when received at the
facility. At appropriate times, a large number of units may
be removed from a particular inventory holder 30 and
packed for shipment back to a warehouse or other facility.
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For example, individual units of a particular inventory item
may be received and stored in inventory holders 30 until
a threshold number of units of that inventory item have
been received. Mobile drive unit 20 may be tasked with
retrieving an inventory holder 30 in this state. A pallet
may then be packed with inventory items removed from
that inventory holder 30 and shipped to another facility,
such as a mail-order warehouse.
[0020] As another example, inventory system 10 may
represent an airport luggage facility. In such an example,
inventory items may represent pieces of luggage stored
in the luggage facility. Mobile drive units 20 may retrieve
inventory holders 30 storing luggage arriving and/or de-
parting on particular flights or luggage destined for par-
ticular types of processing, such as x-ray or manual
searching.
[0021] As yet another example, inventory system 10
may represent a manufacturing facility, and inventory
items may represent individual components of a manu-
facturing kit. More specifically, inventory items may rep-
resent components intended for inclusion in an assem-
bled product, such as electronic components for a cus-
tomized computer system. In such an example, inventory
system 10 may retrieve particular components identified
by a specification associated with an order for the product
so that a customized version of the product can be built.
Although a number of examples are described, inventory
system 10 may, in general, represent any suitable facility
or system for storing and processing inventory items, and
inventory items may represent objects of any type suit-
able for storage, retrieval, and/or processing in a partic-
ular inventory system 10.
[0022] In particular examples, inventory system 10
may also include one or more inventory stations 50. In-
ventory stations 50 represent locations designated for
the completion of particular tasks involving inventory
items. Such tasks may include the removal of inventory
items from inventory holders 30, the introduction of in-
ventory items into inventory holders 30, the counting of
inventory items in inventory holders 30, the decomposi-
tion of inventory items (e.g. from pallet- or case-sized
groups to individual inventory items), and/or the process-
ing or handling of inventory items in any other suitable
manner. In particular examples, inventory stations 50
may just represent the physical locations where a partic-
ular task involving inventory items can be completed with-
in workspace 70. In alternative examples, inventory sta-
tions 50 may represent both the physical location and
also any appropriate equipment for processing or han-
dling inventory items, such as scanners for monitoring
the flow of inventory items in and out of inventory system
10, communication interfaces for communicating with
management module 15, and/or any other suitable com-
ponents. Inventory stations 50 may be controlled, entirely
or in part, by human operators or may be fully automated.
Moreover, the human or automated operators of inven-
tory stations 50 may be capable of performing certain
tasks to inventory items, such as packing or counting

inventory items, as part of the operation of inventory sys-
tem 10.
[0023] Workspace 70 represents an area associated
with inventory system 10 in which mobile drive units 20
can move and/or inventory holders 30 can be stored. For
example, workspace 70 may represent all or part of the
floor of a mail-order warehouse in which inventory system
10 operates. Although FIGURE 1 shows, for the purpos-
es of illustration, an example of inventory system 10 in
which workspace 70 includes a fixed, predetermined, and
finite physical space, particular examples of inventory
system 10 may include mobile drive units 20 and inven-
tory holders 30 that are configured to operate within a
workspace 70 that is of variable dimensions and/or an
arbitrary geometry. While FIGURE 1 illustrates a partic-
ular example of inventory system 10 in which workspace
70 is entirely enclosed in a building, alternative examples
may utilize workspaces 70 in which some or all of the
workspace 70 is located outdoors, within a vehicle (such
as a cargo ship), or otherwise unconstrained by any fixed
structure.
[0024] Moreover, in particular examples, workspace
70 may include multiple portions that are physically sep-
arated from one another, including but not limited to sep-
arate floors, rooms, buildings, and/or portions divided in
any other suitable manner. Mobile drive units 20 may be
configured to utilize alternative conveyance equipment
such as vertical or horizontal conveyors, trucks, ferries,
gondolas, escalators, and/or other appropriate equip-
ment suitable to convey mobile drive units 20 between
separate portions of workspace 70.
[0025] In particular examples, as discussed in greater
detail below with respect to FIGURE 5, workspace 70 is
associated with a grid (shown in FIGURE 5 as grid 12)
that connects a plurality of points within workspace 70.
This grid may divide workspace 70 into a number of por-
tions referred to as cells 14. Cells 14 may square, rec-
tangular, polygonal, and/or of any other appropriate
shape. In particular examples, workspace 70 may be por-
tioned so that cells 14 have dimensions slightly larger
than inventory holders 30. This may allow inventory sys-
tem 10 to utilize a workspace 70 of minimal size without
collisions occurring between inventory holders 30 being
transported through neighboring cells 14. In general,
however, cells 14 may sized in any manner appropriate
based on the configuration and characteristics of the
components of inventory system 10. Additionally, work-
space 70 may utilize an irregular grid 12 in which size
and/or shape may vary from cell 14 to cell 14.
[0026] In operation, management module 15 selects
appropriate components to complete particular tasks and
transmits task assignments 18 to the selected compo-
nents to trigger completion of the relevant tasks. Each
task assignment 18 defines one or more tasks to be com-
pleted by a particular component. These tasks may relate
to the retrieval, storage, replenishment, and counting of
inventory items and/or the management of mobile drive
units 20, inventory holders 30, inventory stations 50 and
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other components of inventory system 10. Depending on
the component and the task to be completed, a particular
task assignment 18 may identify locations, components,
and/or actions associated with the corresponding task
and/or any other appropriate information to be used by
the relevant component in completing the assigned task.
[0027] In particular examples, management module 15
generates task assignments 18 based, in part, on inven-
tory requests that management module 15 receives from
other components of inventory system 10 and/or from
external components in communication with manage-
ment module 15. These inventory requests identify par-
ticular operations to be completed involving inventory
items stored or to be stored within inventory system 10
and may represent communication of any suitable form.
For example, in particular examples, an inventory re-
quest may represent a shipping order specifying partic-
ular inventory items that have been purchased by a cus-
tomer and that are to be retrieved from inventory system
10 for shipment to the customer. Management module
15 may also generate task assignments 18 independent-
ly of such inventory requests, as part of the overall man-
agement and maintenance of inventory system 10. For
example, management module 15 may generate task
assignments 18 in response to the occurrence of a par-
ticular event (e.g., in response to a mobile drive unit 20
requesting a space to park), according to a predeter-
mined schedule (e.g., as part of a daily start-up routine),
or at any appropriate time based on the configuration and
characteristics of inventory system 10. After generating
one or more task assignments 18, management module
15 transmits the generated task assignments 18 to ap-
propriate components for completion of the correspond-
ing task. The relevant components then execute their
assigned tasks.
[0028] With respect to mobile drive units 20 specifical-
ly, management module 15 may, in particular examples,
communicate task assignments 18 to selected mobile
drive units 20 that identify one or more destinations for
the selected mobile drive units 20. Management module
15 may select a mobile drive unit 20 to assign the relevant
task based on the location or state of the selected mobile
drive unit 20, an indication that the selected mobile drive
unit 20 has completed a previously-assigned task, a pre-
determined schedule, and/or any other suitable consid-
eration. These destinations may be associated with an
inventory request the management module 15 is execut-
ing or a management objective the management module
15 is attempting to fulfill. For example, the task assign-
ment may define the location of an inventory holder 30
to be retrieved, an inventory station 50 to be visited, a
storage location where the mobile drive unit 20 should
park until receiving another task, or a location associated
with any other task appropriate based on the configura-
tion, characteristics, and/or state of inventory system 10,
as a whole, or individual components of inventory system
10. For example, in particular examples, such decisions
may be based on the popularity of particular inventory

items, the staffing of a particular inventory station 50, the
tasks currently assigned to a particular mobile drive unit
20, and/or any other appropriate considerations.
[0029] As part of completing these tasks mobile drive
units 20 may dock with and transport inventory holders
30 within workspace 70. Mobile drive units 20 may dock
with inventory holders 30 by connecting to, lifting, and/or
otherwise interacting with inventory holders 30 in any oth-
er suitable manner so that, when docked, mobile drive
units 20 are coupled to and/or support inventory holders
30 and can move inventory holders 30 within workspace
70. While the description below focuses on particular ex-
amples of mobile drive unit 20 and inventory holder 30
that are configured to dock in a particular manner, alter-
native examples of mobile drive unit 20 and inventory
holder 30 may be configured to dock in any manner suit-
able to allow mobile drive unit 20 to move inventory holder
30 within workspace 70. Additionally, as noted below, in
particular examples, mobile drive units 20 represent all
or portions of inventory holders 30. In such examples,
mobile drive units 20 may not dock with inventory holders
30 before transporting inventory holders 30 and/or mobile
drive units 20 may each remain continually docked with
a particular inventory holder 30.
[0030] While the appropriate components of inventory
system 10 complete assigned tasks, management mod-
ule 15 may interact with the relevant components to en-
sure the efficient use of space, equipment, manpower,
and other resources available to inventory system 10. As
one specific example of such interaction, management
module 15 is responsible for planning the paths mobile
drive units 20 take when moving within workspace 70
and for allocating use of a particular portion of workspace
70 to a particular mobile drive unit 20 for purposes of
completing an assigned task. In such examples, mobile
drive units 20 may, in response to being assigned a task,
request a path to a particular destination associated with
the task. Moreover, while the description below focuses
on one or more examples in which mobile drive unit 20
requests paths from management module 15, mobile
drive unit 20 may, in alternative examples, generate its
own paths.
[0031] Management module 15 may select a path be-
tween the current location of the requesting mobile drive
unit 20 and the requested destination and communicate
information identifying this path to the mobile drive unit
20. Management module 15 may utilize knowledge of
current congestion, historical traffic trends, task prioriti-
zation, and/or other appropriate considerations to select
an optimal path for the requesting mobile drive unit 20 to
take in getting to the destination. Additionally, in planning
the path (or in assigning tasks), management module 15
may make informed decisions regarding the use of lifts,
conveyors, ramps, tunnels, and/or other conveyance
equipment or features of workspace 70 to facilitate the
movement of the relevant mobile drive unit 20, as dis-
cussed below with respect to FIGURES 15-17.
[0032] After receiving a path from management mod-
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ule 15, the requesting mobile drive unit 20 may then move
to the destination, traversing the path in a segment-by-
segment manner. Before beginning a particular segment,
the relevant mobile drive unit 20 may request permission
to use the segment from management module 15. As a
result, management module 15 may reserve the segment
for use of that mobile drive unit 20. As a result, manage-
ment module 15 may also be responsible for resolving
competing requests to the use of a particular portion of
workspace 70. An example implementation of this proc-
ess is discussed in greater detail below in conjunction
with FIGURE 5.
[0033] In addition, components of inventory system 10
may provide information to management module 15 re-
garding their current state, other components of inventory
system 10 with which they are interacting, and/or other
conditions relevant to the operation of inventory system
10. This may allow management module 15 to utilize
feedback from the relevant components to update algo-
rithm parameters, adjust policies, or otherwise modify its
decision-making to respond to changes in operating con-
ditions or the occurrence of particular events.
[0034] In addition, while management module 15 may
be configured to manage various aspects of the operation
of the components of inventory system 10, in particular
examples, the components themselves may also be re-
sponsible for decision-making relating to certain aspects
of their operation, thereby reducing the processing load
on management module 15. In particular, individual com-
ponents may be configured to independently respond to
certain localized circumstances in a manner that allows
these components to improve their effectiveness without
reducing the overall efficiency of inventory system 10.
As one example, under certain conditions, management
module 15 may modify its policies regarding segment
reservations to permit the simultaneous movement of
multiple mobile drive units 20 in a particular cell 14 of
workspace 70, allowing the relevant mobile drive units
20 to operate in closer proximity to one another than
would otherwise be permitted. When operating under
such conditions, management module 15 may rely on
the independent decision-making of the mobile drive
units 20 to prevent collisions. FIGURES 12A-12E, 13,
and 14 illustrate an example of mobile drive units 20 op-
erating under such conditions.
[0035] Thus, based on its knowledge of the location,
current state, and/or other characteristics of the various
components of inventory system 10 and an awareness
of all the tasks currently being completed, management
module 15 can generate tasks, allot usage of system
resources, and otherwise direct the completion of tasks
by the individual components in a manner that optimizes
operation from a system-wide perspective. Moreover, by
relying on a combination of both centralized, system-wide
management and localized, component-specific deci-
sion-making, particular examples of inventory system 10
may be able to support a number of techniques for effi-
ciently executing various aspects of the operation of in-

ventory system 10. As a result, particular examples of
management module 15 may, by implementing one or
more management techniques described below, en-
hance the efficiency of inventory system 10 and/or pro-
vide other operational benefits.
[0036] FIGURES 2-4 illustrate in greater detail the con-
tents of particular examples of management module 15,
mobile drive unit 20, and inventory holder 30, respective-
ly. FIGURES 5-20 illustrate examples of specific man-
agement techniques that may be supported by certain
examples of inventory system 10. Although FIGURES
2-4 describe particular examples of management module
15, mobile drive unit 20, and inventory holder 30 the tech-
niques described with respect to FIGURES 5-20 may be
utilized in inventory systems 10 utilizing any appropriate
type of components.
[0037] FIGURE 2 illustrates in greater detail the com-
ponents of a particular example of management module
15. As shown, the example includes a resource sched-
uling module 92, a route planning module 94, a segment
reservation module 96, a communication interface mod-
ule 98, a processor 90, and a memory 91. Management
module 15 may represent a single component, multiple
components located at a central location within inventory
system 10, or multiple components distributed through-
out inventory system 10. For example, management
module 15 may represent components of one or more
mobile drive units 20 that are capable of communicating
information between the mobile drive units 20 and coor-
dinating the movement of mobile drive units 20 within
workspace 70. In general, management module 15 may
include any appropriate combination of hardware and/or
software suitable to provide the described functionality.
[0038] Processor 90 is operable to execute instruc-
tions associated with the functionality provided by man-
agement module 15. Processor 90 may comprise one or
more general purpose computers, dedicated microproc-
essors, or other processing devices capable of commu-
nicating electronic information. Examples of processor
90 include one or more application-specific integrated
circuits (ASICs), field-programmable gate arrays (FP-
GAs), digital signal processors (DSPs) and any other
suitable specific or general purpose processors.
[0039] Memory 91 stores processor instructions, in-
ventory requests, reservation information, state informa-
tion for the various components of inventory system 10
and/or any other appropriate values, parameters, or in-
formation utilized by management module 15 during op-
eration. Memory 91 may represent any collection and
arrangement of volatile or non-volatile, local or remote
devices suitable for storing data. Examples of memory
91 include, but are not limited to, random access memory
(RAM) devices, read only memory (ROM) devices, mag-
netic storage devices, optical storage devices, or any oth-
er suitable data storage devices.
[0040] Resource scheduling module 92 processes re-
ceived inventory requests and generates one or more
assigned tasks to be completed by the components of
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inventory system 10. Resource scheduling module 92
may also select one or more appropriate components for
completing the assigned tasks and, using communica-
tion interface module 98, communicate the assigned
tasks to the relevant components. Additionally, resource
scheduling module 92 may also be responsible for gen-
erating assigned tasks associated with various manage-
ment operations, such as prompting mobile drive units
20 to recharge batteries or have batteries replaced, in-
structing inactive mobile drive units 20 to park in a loca-
tion outside the anticipated traffic flow or a location near
the anticipated site of future tasks, and/or directing mo-
bile drive units 20 selected for repair or maintenance to
move towards a designated maintenance station.
[0041] Route planning module 94 receives route re-
quests from mobile drive units 20. These route requests
identify one or more destinations associated with a task
the requesting mobile drive unit 20 is executing. In re-
sponse to receiving a route request, route planning mod-
ule 94 generates a path to one or more destinations iden-
tified in the route request. Route planning module 94 may
implement any appropriate algorithms utilizing any ap-
propriate parameters, factors, and/or considerations to
determine the appropriate path. After generating an ap-
propriate path, route planning module 94 transmits a
route response identifying the generated path to the re-
questing mobile drive unit 20 using communication inter-
face module 98. This process is discussed in greater de-
tail below with respect to FIGURE 5.
[0042] Segment reservation module 96 receives res-
ervation requests from mobile drive units 20 attempting
to move along paths generated by route planning module
94. These reservation requests request the use of a par-
ticular portion of workspace 70 (referred to herein as a
"segment") to allow the requesting mobile drive unit 20
to avoid collisions with other mobile drive units 20 while
moving across the reserved segment. In response to re-
ceived reservation requests, segment reservation mod-
ule 96 transmits a reservation response granting or de-
nying the reservation request to the requesting mobile
drive unit 20 using the communication interface module
98. This process is also discussed in greater detail below
with respect to FIGURE 5.
[0043] Communication interface module 98 facilitates
communication between management module 15 and
other components of inventory system 10, including res-
ervation responses, reservation requests, route re-
quests, route responses, and task assignments. These
reservation responses, reservation requests, route re-
quests, route responses, and task assignments may rep-
resent communication of any form appropriate based on
the capabilities of management module 15 and may in-
clude any suitable information. Depending on the config-
uration of management module 15, communication in-
terface module 98 may be responsible for facilitating ei-
ther or both of wired and wireless communication be-
tween management module 15 and the various compo-
nents of inventory system 10. In particular examples,

management module 15 may communicate using com-
munication protocols such as 802.11, Bluetooth, or In-
frared Data Association (IrDA) standards. Furthermore,
management module 15 may, in particular examples,
represent a portion of mobile drive unit 20 or other com-
ponents of inventory system 10. In such examples, com-
munication interface module 98 may facilitate communi-
cation between management module 15 and other parts
of the same system component.
[0044] In general, resource scheduling module 92,
route planning module 94, segment reservation module
96, and communication interface module 98 may each
represent any appropriate hardware and/or software suit-
able to provide the described functionality. In addition,
as noted above, management module 15 may, in partic-
ular examples, represent multiple different discrete com-
ponents and any or all of resource scheduling module
92, route planning module 94, segment reservation mod-
ule 96, and communication interface module 98 may rep-
resent components physically separate from the remain-
ing elements of management module 15. Moreover, any
two or more of resource scheduling module 92, route
planning module 94, segment reservation module 96,
and communication interface module 98 may share com-
mon components. For example, in particular examples,
resource scheduling module 92, route planning module
94, segment reservation module 96 represent computer
processes executing on processor 90 and communica-
tion interface module 98 comprises a wireless transmit-
ter, a wireless receiver, and a related computer process
executing on processor 90.
[0045] FIGURES 3A and 3B illustrate in greater detail
the components of a particular example of mobile drive
unit 20. In particular, FIGURES 3A and 3B include a front
and side view of an example mobile drive unit 20. Mobile
drive unit 20 includes a docking head 110, a drive module
120, a docking actuator 130, and a control module 170.
Additionally, mobile drive unit 20 may include one or more
sensors configured to detect or determine the location of
mobile drive unit 20, inventory holder 30, and/or other
appropriate elements of inventory system 10. In the illus-
trated example, mobile drive unit 20 includes a position
sensor 140, a holder sensor 150, an obstacle sensor 160,
and an identification signal transmitter 162.
[0046] Docking head 110, in particular examples of
mobile drive unit 20, couples mobile drive unit 20 to in-
ventory holder 30 and/or supports inventory holder 30
when mobile drive unit 20 is docked to inventory holder
30. Docking head 110 may additionally allow mobile drive
unit 20 to maneuver inventory holder 30, such as by lifting
inventory holder 30, propelling inventory holder 30, ro-
tating inventory holder 30, and/or moving inventory hold-
er 30 in any other appropriate manner. Docking head 110
may also include any appropriate combination of com-
ponents, such as ribs, spikes, and/or corrugations, to fa-
cilitate such manipulation of inventory holder 30. For ex-
ample, in particular examples, docking head 110 may
include a high-friction portion that abuts a portion of in-
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ventory holder 30 while mobile drive unit 20 is docked to
inventory holder 30. In such examples, frictional forces
created between the high-friction portion of docking head
110 and a surface of inventory holder 30 may induce
translational and rotational movement in inventory holder
30 when docking head 110 moves and rotates, respec-
tively. As a result, mobile drive unit 20 may be able to
manipulate inventory holder 30 by moving or rotating
docking head 110, either independently or as a part of
the movement of mobile drive unit 20 as a whole.
[0047] Drive module 120 propels mobile drive unit 20
and, when mobile drive unit 20 and inventory holder 30
are docked, inventory holder 30. Drive module 120 may
represent any appropriate collection of components op-
erable to propel drive module 120. For example, in the
illustrated example, drive module 120 includes motorized
axle 122, a pair of motorized wheels 124, and a pair of
stabilizing wheels 126. One motorized wheel 124 is lo-
cated at each end of motorized axle 122, and one stabi-
lizing wheel 126 is positioned at each end of mobile drive
unit 20.
[0048] Docking actuator 130 moves docking head 110
towards inventory holder 30 to facilitate docking of mobile
drive unit 20 and inventory holder 30. Docking actuator
130 may also be capable of adjusting the position or ori-
entation of docking head 110 in other suitable manners
to facilitate docking. Docking actuator 130 may include
any appropriate components, based on the configuration
of mobile drive unit 20 and inventory holder 30, for moving
docking head 110 or otherwise adjusting the position or
orientation of docking head 110. For example, in the il-
lustrated example, docking actuator 130 includes a mo-
torized shaft (not shown) attached to the center of dock-
ing head 110. The motorized shaft is operable to lift dock-
ing head 110 as appropriate for docking with inventory
holder 30.
[0049] Drive module 120 may be configured to propel
mobile drive unit 20 in any appropriate manner. For ex-
ample, in the illustrated example, motorized wheels 124
are operable to rotate in a first direction to propel mobile
drive unit 20 in a forward direction. Motorized wheels 124
are also operable to rotate in a second direction to propel
mobile drive unit 20 in a backward direction. In the illus-
trated example, drive module 120 is also configured to
rotate mobile drive unit 20 by rotating motorized wheels
124 in different directions from one another or by rotating
motorized wheels 124 at different speed from one anoth-
er.
[0050] Position sensor 140 represents one or more
sensors, detectors, or other components suitable for de-
termining the location of mobile drive unit 20 in any ap-
propriate manner. For example, in particular examples,
the workspace 70 associated with inventory system 10
includes a number of fiducial marks that mark points on
a two-dimensional grid that covers all or a portion of work-
space 70. In such examples, position sensor 140 may
include a camera and suitable image- and/or video-
processing components, such as an appropriately-pro-

grammed digital signal processor, to allow position sen-
sor 140 to detect fiducial marks within the camera’s field
of view. Control module 170 may store location informa-
tion that position sensor 140 updates as position sensor
140 detects fiducial marks. As a result, position sensor
140 may utilize fiducial marks to maintain an accurate
indication of the location mobile drive unit 20 and to aid
in navigation when moving within workspace 70.
[0051] Holder sensor 150 represents one or more sen-
sors, detectors, or other components suitable for detect-
ing inventory holder 30 and/or determining, in any appro-
priate manner, the location of inventory holder 30, as an
absolute location or as a position relative to mobile drive
unit 20. Holder sensor 150 may be capable of detecting
the location of a particular portion of inventory holder 30
or inventory holder 30 as a whole. Mobile drive unit 20
may then use the detected information for docking with
or otherwise interacting with inventory holder 30.
[0052] Obstacle sensor 160 represents one or more
sensors capable of detecting objects located in one or
more different directions in which mobile drive unit 20 is
capable of moving. Obstacle sensor 160 may utilize any
appropriate components and techniques, including opti-
cal, radar, sonar, pressure-sensing and/or other types of
detection devices appropriate to detect objects located
in the direction of travel of mobile drive unit 20. In partic-
ular examples, obstacle sensor 160 may transmit infor-
mation describing objects it detects to control module
170 to be used by control module 170 to identify obstacles
and to take appropriate remedial actions to prevent mo-
bile drive unit 20 from colliding with obstacles and/or other
objects.
[0053] Obstacle sensor 160 may also detect signals
transmitted by other mobile drive units 20 operating in
the vicinity of the illustrated mobile drive unit 20. For ex-
ample, in particular examples of inventory system 10,
one or more mobile drive units 20 may include an iden-
tification signal transmitter 162 that transmits a drive
identification signal. The drive identification signal indi-
cates to other mobile drive units 20 that the object trans-
mitting the drive identification signal is in fact a mobile
drive unit. Identification signal transmitter 162 may be
capable of transmitting infrared, ultraviolet, audio, visible
light, radio, and/or other suitable signals that indicate to
recipients that the transmitting device is a mobile drive
unit 20.
[0054] Additionally, in particular examples, obstacle
sensor 160 may also be capable of detecting state infor-
mation transmitted by other mobile drive units 20. For
example, in particular examples, identification signal
transmitter 162 may be capable of including state infor-
mation relating to mobile drive unit 20 in the transmitted
identification signal. This state information may include,
but is not limited to, the position, velocity, direction, and
the braking capabilities of the transmitting mobile drive
unit 20. In particular examples, mobile drive unit 20 may
use the state information transmitted by other mobile
drive units to avoid collisions when operating in close
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proximity with those other mobile drive units. FIGURES
12A-12E illustrate an example of how this process may
be implemented in particular examples of inventory sys-
tem 10.
[0055] Control module 170 monitors and/or controls
operation of drive module 120 and docking actuator 130.
Control module 170 may also receive information from
sensors such as position sensor 140 and holder sensor
150 and adjust the operation of drive module 120, dock-
ing actuator 130, and/or other components of mobile
drive unit 20 based on this information. Additionally, in
particular examples, mobile drive unit 20 may be config-
ured to communicate with a management device of in-
ventory system 10 and control module 170 may receive
commands transmitted to mobile drive unit 20 and com-
municate information back to the management device
utilizing appropriate communication components of mo-
bile drive unit 20. Control module 170 may include any
appropriate hardware and/or software suitable to provide
the described functionality. In particular examples, con-
trol module 170 includes a general-purpose microproc-
essor programmed to provide the described functionality.
Additionally, control module 170 may include all or por-
tions of docking actuator 120, drive module 130, position
sensor 140, and/or holder sensor 150, and/or share com-
ponents with any of these elements of mobile drive unit
20.
[0056] Moreover, in particular examples, control mod-
ule 170 may include hardware and software located in
components that are physically distinct from the device
that houses drive module 120, docking actuator 130,
and/or the other components of mobile drive unit 20 de-
scribed above. For example, in particular examples, each
mobile drive unit 20 operating in inventory system 10 may
be associated with a software process (referred to here
as a "drive agent") operating on a server that is in com-
munication with the device that houses drive module 120,
docking actuator 130, and other appropriate components
of mobile drive unit 20. This drive agent may be respon-
sible for requesting and receiving tasks, requesting and
receiving routes, transmitting state information associat-
ed with mobile drive unit 20, and/or otherwise interacting
with management module 15 and other components of
inventory system 10 on behalf of the device that physi-
cally houses drive module 120, docking actuator 130,
and the other appropriate components of mobile drive
unit 20. As a result, for the purposes of this description
and the claims that follow, the term "mobile drive unit"
includes software and/or hardware, such as agent proc-
esses, that provides the described functionality on behalf
of mobile drive unit 20 but that may be located in physi-
cally distinct devices from the drive module 120, docking
actuator 130, and/or the other components of mobile
drive unit 20 described above.
[0057] While FIGURES 3A and 3B illustrate a particular
example of mobile drive unit 20 containing certain com-
ponents and configured to operate in a particular manner,
mobile drive unit 20 may represent any appropriate com-

ponent and/or collection of components configured to
transport and/or facilitate the transport of inventory hold-
ers 30. As another example, mobile drive unit 20 may
represent part of an overhead crane system in which one
or more crane assemblies are capable of moving within
a network of wires or rails to a position suitable to dock
with a particular inventory holder 30. After docking with
inventory holder 30, the crane assembly may then lift
inventory holder 30 and move inventory to another loca-
tion for purposes of completing an assigned task.
[0058] Furthermore, in particular examples, mobile
drive unit 20 may represent all or a portion of inventory
holder 30. Inventory holder 30 may include motorized
wheels or any other components suitable to allow inven-
tory holder 30 to propel itself. As one specific example,
a portion of inventory holder 30 may be responsive to
magnetic fields. Inventory system 10 may be able to gen-
erate one or more controlled magnetic fields capable of
propelling, maneuvering and//or otherwise controlling the
position of inventory holder 30 as a result of the respon-
sive portion of inventory holder 30. In such examples,
mobile drive unit 20 may represent the responsive portion
of inventory holder 30 and/or the components of inven-
tory system 10 responsible for generating and controlling
these magnetic fields. While this description provides
several specific examples, mobile drive unit 20 may, in
general, represent any appropriate component and/or
collection of components configured to transport and/or
facilitate the transport of inventory holders 30.
[0059] FIGURE 4 illustrates in greater detail the com-
ponents of a particular example of inventory holder 30.
In particular, FIGURE 4 illustrates the structure and con-
tents of one side of an example inventory holder 30. In
a particular example, inventory holder 30 may comprise
any number of faces with similar or different structure.
As illustrated, inventory holder 30 includes a frame 310,
a plurality of legs 328, and docking surface 350.
[0060] Frame 310 holds inventory items 40. Frame 310
provides storage space for storing inventory items 40 ex-
ternal or internal to frame 310. The storage space pro-
vided by frame 310 may be divided into a plurality of
inventory bins 320, each capable of holding inventory
items 40. Inventory bins 320 may include any appropriate
storage elements, such as bins, compartments, or hooks.
[0061] In a particular example, frame 310 is composed
of a plurality of trays 322 stacked upon one another and
attached to or stacked on a base 318. In such an example,
inventory bins 320 may be formed by a plurality of ad-
justable dividers 324 that may be moved to resize one
or more inventory bins 320. In alternative examples,
frame 310 may represent a single inventory bin 320 that
includes a single tray 322 and no adjustable dividers 324.
Additionally, in particular examples, frame 310 may rep-
resent a load-bearing surface mounted on mobility ele-
ment 330. Inventory items 40 may be stored on such an
inventory holder 30 by being placed on frame 310. In
general, frame 310 may include storage internal and/or
external storage space divided into any appropriate
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number of inventory bins 320 in any appropriate manner.
[0062] Additionally, in a particular example, frame 310
may include a plurality of device openings 326 that allow
mobile drive unit 20 to position docking head 110 adja-
cent docking surface 350. The size, shape, and place-
ment of device openings 326 may be determined based
on the size, the shape, and other characteristics of the
particular example of mobile drive unit 20 and/or inven-
tory holder 30 utilized by inventory system 10. For exam-
ple, in the illustrated example, frame 310 includes four
legs 328 that form device openings 326 and allow mobile
drive unit 20 to position mobile drive unit 20 under frame
310 and adjacent to docking surface 350. The length of
legs 328 may be determined based on a height of mobile
drive unit 20.
[0063] Docking surface 350 comprises a portion of in-
ventory holder 30 that couples to, abuts, and/or rests
upon a portion of docking head 110, when mobile drive
unit 20 is docked to inventory holder 30. Additionally,
docking surface 350 supports a portion or all of the weight
of inventory holder 30 while inventory holder 30 is docked
with mobile drive unit 20. The composition, shape, and/or
texture of docking surface 350 may be designed to facil-
itate maneuvering of inventory holder 30 by mobile drive
unit 20. For example, as noted above, in particular ex-
amples, docking surface 350 may comprise a high-fric-
tion portion. When mobile drive unit 20 and inventory
holder 30 are docked, frictional forces induced between
docking head 110 and this high-friction portion may allow
mobile drive unit 20 to maneuver inventory holder 30.
Additionally, in particular examples, docking surface 350
may include appropriate components suitable to receive
a portion of docking head 110, couple inventory holder
30 to mobile drive unit 20, and/or facilitate control of in-
ventory holder 30 by mobile drive unit 20.
[0064] Holder identifier 360 marks a predetermined
portion of inventory holder 30 and mobile drive unit 20
may use holder identifier 360 to align with inventory hold-
er 30 during docking and/or to determine the location of
inventory holder 30. More specifically, in particular ex-
amples, mobile drive unit 20 may be equipped with com-
ponents, such as holder sensor 150, that can detect hold-
er identifier 360 and determine its location relative to mo-
bile drive unit 20. As a result, mobile drive unit 20 may
be able to determine the location of inventory holder 30
as a whole. For example, in particular examples, holder
identifier 360 may represent a reflective marker that is
positioned at a predetermined location on inventory hold-
er 30 and that holder sensor 150 can optically detect
using an appropriately-configured camera.
[0065] FIGURES 5 and 6 illustrate a technique for plan-
ning and directing the movement of mobile drive units 20
within workspace 70 while the mobile drive units 20 com-
plete assigned tasks. More specifically, FIGURE 5 illus-
trates an example of how a mobile drive unit 20 may
request, from management module 15, a path to a des-
tination associated with an assigned task and then inter-
act with management module 15 to allow mobile drive

unit 20 to successfully traverse the path. FIGURE 6 is a
flowchart detailing example operation of a particular ex-
ample of mobile drive unit 20 in moving to a designated
destination according to the techniques illustrated by
FIGURE 5.
[0066] FIGURE 5 illustrates an example showing rout-
ing and reservation techniques that may be utilized in
particular examples of inventory system 10. In general,
FIGURE 5 illustrates an example in which mobile drive
unit 20 receives an assigned task 18 from management
module 15 that instructs mobile drive unit 20 to retrieve
inventory holder 30a from a storage cell where inventory
holder 30a is currently located. Mobile drive unit 20 then
requests a path to the location of inventory holder 30a
and follows the received path to the relevant location.
[0067] In the illustrated example of inventory system
10, workspace 70 is associated with a grid 12 comprising
a plurality of cells 14, and mobile drive units 20 are con-
figured to move within workspace 70 by navigating from
the center of one cell 14 to the center of another. None-
theless, in alternative examples, mobile drive units 20
may be configured to navigate grid 12 in any appropriate
manner and starting points, destinations, and any inter-
mediate points on the path traversed by mobile drive unit
20 may or may not represent the center point of a cell 14
or any other portion of grid 12. Furthermore, although
FIGURE 5 illustrates a grid-based example of inventory
system 10, alternative examples of inventory system 10
may utilize a gridless workspace having an arbitrary
shape and structure.
[0068] As shown in FIGURE 5, the routing process be-
gins with management module 15 transmitting a task as-
signment 18 to mobile drive unit 20. Task assignment 18
identifies one or more destinations associated with a cor-
responding task. Task assignment 18 may identify the
relevant destinations directly or by reference to the
known location of specific components (e.g., a particular
inventory holder 30 or inventory station 50) or a particular
portion of workspace 70. Task assignment 18 may also
include any additional information suitable for mobile
drive unit 20 to use in completing the assigned task.
[0069] Upon receiving task assignment 18, mobile
drive unit 20 requests a path to the location identified by
the task assignment 18 or, if task assignment 18 identifies
multiple locations, to the first location identified by task
assignment 18. In the illustrated example, mobile drive
unit 20 requests a path by transmitting a route request
22 to route planning module 94. In particular examples,
route request 22 may include one or more destination
locations and the current location of mobile drive unit 20
or the anticipated location of mobile drive unit 20 when
it completes its current segment 17. In alternative exam-
ples, management module 15 may independently mon-
itor the location or assigned task of each mobile drive
unit 20 and, consequently, one or more of these locations
may be omitted from route request 22.
[0070] When route planning module 94 receives route
request 22, route planning module 94 generates a path
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16 for the requesting mobile drive unit 20 to use in moving
from its current location to the requested destination. As
noted above, route planning module 94 may use any suit-
able techniques to generate, select, or determine an ap-
propriate path 16 for the requesting mobile drive unit 20.
Route planning module 94 may then communicate infor-
mation identifying path 16 to the requesting mobile drive
unit 20 as part of a route response 24. For example, route
planning module 94 may communicate information spec-
ifying certain points along path 16, specifying directions
and distances to move, specifying known path segments
to use in moving to the requested destination, specifying
other equipment (for example, a lift, conveyor, or truck)
or features of the workspace (such as a ramp or tunnel)
to be utilized, and/or indicating, in any other appropriate
manner, the portion of workspace 70 mobile drive unit
20 should traverse in moving between its current location
and the requested destination. In particular examples,
route planning module 94 communicates path 16 to mo-
bile drive unit 20 as part of route response 24.
[0071] After route planning module 94 transmits infor-
mation identifying one or more paths 16, this information
is received by mobile drive unit 20. In particular examples,
mobile drive unit 20 may then store this information for
subsequent use in navigating to the destination location.
Mobile drive unit 20 then attempts to reserve a segment
17 or other suitable portion of path 16. Mobile drive unit
20 may reserve a segment 17 of path 16 by taking any
appropriate steps, based on the configuration of inven-
tory system 10, to ensure that no other mobile drive unit
20, or other type of device capable of moving within work-
space 70, is or will be traversing the reserved segment
17, positioned on the reserved segment 17, and/or oth-
erwise impeding movement along the reserved segment
17 while the relevant mobile drive unit 20 has that seg-
ment 17 reserved.
[0072] In particular examples, route planning module
94 may, in response to a particular route request 22, gen-
erate multiple paths to a particular destination. Moreover,
management module 15 may then transmit all of the gen-
erated paths 16 to the requesting mobile drive unit 20.
Additionally, route planning module 94 or mobile drive
unit 20 may assign a priority to each of the generated
paths 16. As a result, in such examples, the requesting
mobile drive unit 20 may be capable of storing the multiple
paths 16 generated by route planning module 94 and
then attempting to reserve segments 17 of the highest
priority path 16. If the attempted reservation is denied,
the requesting mobile drive unit 20 may then attempt to
request a segment 17 from the next highest priority path
16. The requesting mobile drive unit 20 may then proceed
to request segments 17 from each of the received paths
16 in order of priority until the requesting mobile drive
unit 20 successfully reserves segments 17 from one of
the received paths 16.
[0073] Furthermore, in particular examples or under
certain conditions, multiple mobile drive units 20 may be
allowed to utilize a particular segment 17 simultaneously.

In such examples, mobile drive unit 20 may reserve a
segment 17 by taking any appropriate steps to ensure
that only mobile drive units 20 that satisfy particular con-
ditions may use the reserved segment at the same time.
As one example, in particular examples, segment reser-
vation module 96 may reserve a particular segment by
taking appropriate steps to ensure that only mobile drive
units 20 moving in the same direction as that mobile drive
unit 20 may reserve the relevant segment 17. As another
example, in particular examples, inventory system 10
may be configured to allow a predetermined maximum
number or concentration of mobile drive units 20 to use
a given segment 17 and mobile drive unit 20 may reserve
a given segment 17 by requesting a reservation for that
segment 17. Management module 15 may then condi-
tionally grant the reservation based on whether the cur-
rent number or density of mobile drive units 20 utilizing
the requested segment 17 is less than the predetermined
maximum.
[0074] In the illustrated example, mobile drive unit 20
reserves segment 17 by transmitting a reservation re-
quest 26 to segment reservation module 96. Reservation
request 26 identifies the segment 17 that mobile drive
unit 20 is attempting to reserve. Reservation request 26
may identify the relevant segment 17 in any manner ap-
propriate based on the configuration and capabilities of
mobile drive unit 20 and segment reservation module 96.
For example, in particular examples, reservation request
26 identifies the relevant segment 17 by identifying the
starting and ending coordinates of that segment 17, by
specifying a direction and distance from the current lo-
cation of mobile drive unit 20, or by including any other
suitable information from which the requested segment
17 can be identified, either independently or based on
other information maintained by segment reservation
module 96 during operation.
[0075] Segment reservation module 96 receives the
reservation request 26 and extracts information identify-
ing the requested segment 17 from reservation request
26. Segment reservation module 96 then determines
whether or not the requesting mobile drive unit 20 can
reserve the requested segment 17. In particular exam-
ples, segment reservation module 96 determines based
solely on whether another mobile drive unit 20 currently
has the requested segment 17 reserved. In alternative
examples, however, segment reservation module 96
may determine based both on whether another mobile
drive unit 20 currently has the requested segment 17
reserved and on a priority level associated with the re-
questing mobile drive unit 20 or a task the mobile drive
unit 20 is currently completing whether the requesting
mobile drive unit 20 can reserve the requested segment
17. Consequently, segment reservation module 96 may
refuse use of certain segments 17 (or segments 17 ex-
ceeding a certain size) to mobile drive units 20 having
an insufficient priority level. In general, however, seg-
ment reservation module 96 may use any appropriate
considerations to determine whether the received reser-
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vation request 26 can be satisfied.
[0076] Additionally, in particular examples, segment
reservation module 96 may be configured to compensate
for potential uncertainties in the location of mobile drive
unit 20. In particular, segment reservation module 96 may
attempt to reserve a modified segment that includes, but
is larger than, the requested segment 17. As a result, if
the actual location of the requesting mobile drive unit 20
differs, by less than some predetermined amount, from
that calculated by mobile drive unit 20 and/or manage-
ment module 15, collisions may still be prevented as a
result of the larger reservation secured by segment res-
ervation module 96. Segment reservation module 96 may
be configured to always modify reservation requests 26
in this manner, to modify reservation requests 26 when
management module 15 determines the actual location
of the requesting mobile drive unit 20 differs from the
calculated location, or to modify reservation requests 26
at any other appropriate times.
[0077] Furthermore, in particular examples of invento-
ry system 10, mobile drive units 20 may attempt to make
and/or resource scheduling module 92 may grant reser-
vations of different types depending on the manner in
which requesting mobile drive units 20 intend to use the
requested segment 17. Moreover, resource scheduling
module 92 may follow different policies for granting or
denying each of these different types of reservations. For
example, in particular examples, mobile drive units 20
may be configured to request a segment 17 that includes
one or more cells 14 adjacent to the cells 14 through
which path 16 runs. Consequently, when a requesting
mobile drive unit 20 plans to rotate inventory holder 30
as part of its movement in completing a particular seg-
ment 16, the requesting mobile drive unit 20 may attempt
to place rotation reservations on the cells 14 adjacent to
the cell 14 in which mobile drive unit 20 intends to perform
the rotation. Depending on the size of inventory holders
30 relative to the cells 14 utilized in the relevant work-
space 70, the requesting mobile drive unit 20 may not
need to use the entirety of each neighboring cell 14 to
rotate. As a result, segment reservation module 96 may
allow other mobile drive units 20 to also place reservation
requests on a particular neighboring cell 14 at the same
time the first requesting mobile drive unit 20 has reserved
that particular cell 14. More specifically, in particular ex-
amples, resource scheduling module 92 may allow other
mobile drive units 20 to reserve the neighboring cell 14
for purposes of encroaching into that cell 14 while rotating
inventory holders 30 in other cells 14 that border the
neighboring cell 14. This may reduce the number of de-
lays mobile drive units 20 face when attempting to re-
serve a sufficiently large portion of workspace 70 to rotate
inventory holders 30.
[0078] If segment reservation module 96 determines
that the requesting mobile drive unit 20 cannot reserve
the requested segment 17, segment reservation module
96 may notify the requesting mobile drive unit 20 that it
did not successfully reserve the requested segment 17.

For example, in the illustrated example, segment reser-
vation module 96 transmits a reservation response 28
that indicates the reservation was unsuccessful. Alterna-
tively, in particular examples, segment reservation mod-
ule 96 does not notify the requesting mobile drive unit 20
of the failed reservation, and the requesting mobile drive
unit 20 is configured to determine the reservation was
unsuccessful if the requesting mobile drive unit 20 does
not receive an affirmative response within a predeter-
mined period of time.
[0079] Additionally, in particular examples, segment
reservation module 96 may be configured to take some
remedial action if segment reservation module 96 is un-
able to satisfy a particular reservation request 26. For
example, in particular examples, segment reservation
module 96 may queue unsatisfied reservation requests
26 and attempt to satisfy them once any currently pending
reservation for the requested segment 17 is terminated.
Alternatively, however, segment reservation module 96
may be configured to discard unsatisfied reservation re-
quests 26 after a single attempt to satisfy them, after a
predetermined number of failed attempts, or after unsuc-
cessfully attempting to satisfy such requests for a prede-
termined amount of time. The requesting mobile drive
unit 20 may then be expected to transmit another reser-
vation request 26 later if it is still attempting to reserve
the requested segment 17. In addition, segment reser-
vation module 96 may be configured to attempt reserving
a portion of the requested segment 17 or a modified ver-
sion of the requested segment 17 if the segment reser-
vation module 96 is unable to successfully reserve the
originally requested segment 17 for the requesting mo-
bile drive unit 20. More generally, however, depending
on the configuration of inventory system 10, segment res-
ervation module 96 may be configured to take any ap-
propriate remedial action or, alternatively, to take no re-
medial action at all, if segment reservation module 96 is
unable to satisfy a particular reservation request 26.
[0080] Similarly, depending on the configuration of mo-
bile drive unit 20, mobile drive unit 20 may execute any
appropriate remedial action in response to determining
that segment reservation module 96 has not satisfied the
reservation. In particular examples, mobile drive unit 20
may wait a predetermined amount of time and attempt
to reserve the same segment 17 again. In alternative
examples, mobile drive unit 20 may be configured to re-
quest a new path 16 from route planning module 94, if
mobile drive unit 20 is unsuccessful in reserving the re-
quested segment 17 or if mobile drive unit 20 is unsuc-
cessful after a predetermined number of attempts. Addi-
tionally, in particular examples, mobile drive units 20 may
be able to adjust the size of the segments 17 mobile drive
units 20 request. As a result, the requesting mobile drive
unit 20 may, in response to determining that the attempt-
ed reservation was unsuccessful, attempt to reserve a
smaller portion of the same requested segment 17. In
such examples, the requesting mobile drive unit 20 may
then request or automatically receive incremental por-
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tions of the original requested segment 17 as the request-
ing mobile drive unit 20 moves and/or the remaining por-
tions become free. More generally, however, mobile drive
unit 20 may respond in any suitable manner to the failed
reservation attempt.
[0081] If, instead, segment reservation module 96 de-
termines that the received reservation request 26 can be
satisfied, segment reservation module 96 reserves the
requested segment 17 for the requesting mobile drive
unit 20. As part of reserving the requested segment, seg-
ment reservation module 96 stores information indicating
the reserved state of the relevant segment 17 and takes
any additional steps appropriate to ensure that the re-
questing mobile drive unit 20 may use the requested seg-
ment 17 until the reservation is terminated. Segment res-
ervation module 96 also notifies the requesting mobile
drive unit 20 that it has successfully reserved the request-
ed segment 17. For example, in the illustrated example,
segment reservation module 96 transmits an acknowl-
edgement, such as reservation response 28, that indi-
cates to the requesting mobile drive unit 20 that the res-
ervation was successful. When the requesting mobile
drive unit 20 receives the reservation response 28 indi-
cating that the attempted reservation was successful, the
requesting mobile drive unit 20 begins moving along the
reserved segment 17.
[0082] Returning to the example illustrated in FIGURE
5, when mobile drive unit 20a receives reservation re-
sponse 28 indicating that mobile drive unit 20a has suc-
cessfully reserved segment 17a, mobile drive unit 20 be-
gins moving along segment 17a. This is illustrated is in
FIGURE 5 by the dotted-line silhouette of mobile drive
unit 20. At some point after beginning movement along
segment 17a, mobile drive unit 20a attempts to reserve
the next segment of the path that mobile drive unit 20a
received from route planning module 94, i.e., segment
17b. In particular examples, mobile drive unit 20a may
wait until mobile drive unit 20a reaches the end of the
reserved segment (i.e., when mobile drive unit 20a reach-
es the second silhouette) and then request the next seg-
ment 17.
[0083] Alternatively, mobile drive unit 20a may attempt
to reserve segment 17b before completing segment 17a.
In particular examples, mobile drive unit 20a may request
segment 17b at an appropriate point while moving across
segment 17a. As one example, mobile drive unit 20a may
request segment 17b after completing a predetermined
proportion of segment 17a (e.g., after completing 75%
of segment 17a). As another example, mobile drive unit
20 may request segment 17b when only a predetermined
amount of segment 17a is left to be completed (e.g., once
mobile drive unit 20a has completed all but half a cell’s
width of segment 17a). More generally, however, partic-
ular examples of mobile drive unit 20, or any appropriate
component of inventory system 10 responsible for re-
serving segments 17 on behalf of mobile drive unit 20,
may be configured to reserve the next segment in the
current path at any suitable time while mobile drive unit

20 is moving along its currently-reserved segment 17.
The remainder of this description assumes that mobile
drive unit 20 is configured to attempt reservation of a new
segment 17 before completing its current segment 17.
[0084] Additionally, as discussed above with respect
to FIGURES 3A and 3B, particular examples of mobile
drive unit 20a may include one or more sensors capable
of detecting certain types of obstacles, obstructions, or
other impediments to the movement of mobile drive unit
20. In response to detecting an obstacle, mobile drive
unit 20 may be configured to stop and/or take any appro-
priate measures to complete the assigned task. As one
example, mobile drive unit 20 may stop moving and pe-
riodically poll the relevant sensor to determine whether
the obstacle has been removed. As another example,
mobile drive unit 20a may request a new path upon de-
tecting an obstacle located on or near a segment 17 of
its current path 16. As yet another example, mobile drive
unit 20 may notify management module 15 or a human
operator of inventory system 10 to initiate appropriate
actions to have the obstacle removed. In particular ex-
amples, mobile drive unit 20a may be configured to over-
ride its obstacle detection capabilities to support certain
types of special navigation techniques. An example of
these techniques is discussed in greater detail below with
respect to FIGURES 12A-12E, 13, and 14.
[0085] In particular examples, as mobile drive unit 20a
exits a particular cell 14 of segment 17a, mobile drive
unit 20a may release its reservation with respect to that
cell 14. Alternatively, in particular examples, mobile drive
unit 20a may wait until reaching the end of segment 17a
(i.e., when mobile drive unit 20a arrives at the second
silhouette), and then terminate its reservation of all cells
14 in segment 17a. Mobile drive unit 20a may release its
reservation of all or a portion of segment 17a by trans-
mitting a reservation termination message (not shown)
to segment reservation module 96 or by taking any other
appropriate steps to relinquish its use of segment 17a.
Alternatively, in particular examples, mobile drive unit
20a may not be configured to take any affirmative steps
to terminate the reservation. Instead, segment reserva-
tion module 96 may itself detect that mobile drive unit
20a has completed segment 17a and terminate the res-
ervation in response or segment reservation module 96
may time-out the reservation if mobile drive unit 20a does
not renew the reservation within a predetermined time
period. More generally, segment reservation module 96
may monitor any particular aspect of the operation of
mobile drive unit 20a including, for example, its location,
speed, last renewal request, and/or any other appropriate
aspect of the state of mobile drive unit 20a, and terminate
the reservation at any appropriate time based on the state
of mobile drive unit 20a.
[0086] If mobile drive unit 20a has successfully re-
served segment 17b by the time mobile drive unit 20a
reaches the end of segment 17a, mobile drive unit 20a
may begin moving along segment 17b. If mobile drive
unit 20a has not successfully reserved segment 17b by
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the time mobile drive unit 20a reaches the end of segment
17a, mobile drive unit 20a may stop at the intersection
of segment 17a and segment 17b and take appropriate
steps based on the configuration of mobile drive unit 20a.
For example, as noted above, mobile drive unit 20a may
repeatedly attempt to reserve segment 17b until success-
ful, make a predetermined number of reservation at-
tempts and then request a new path 16, or take any other
steps to continue its movement towards the destination
location.
[0087] Once mobile drive unit 20a successfully re-
serves segment 17b, mobile drive unit 20a traverses seg-
ment 17b in a similar fashion. At an appropriate point
during the completion of segment 17b, mobile drive unit
20a attempts to reserve segment 17c and repeats the
above process. Mobile drive unit 20a continues reserving
and traversing segments (as suggested by the dotted-
line silhouettes) until mobile drive unit 20a reaches the
destination location. Mobile drive unit 20a may then take
any actions appropriate to complete the assigned task.
For example, in FIGURE 5, completion of the assigned
task may include mobile drive unit 20a docking with a
particular inventory holder 30 located at the destination
location. If the currently-assigned task includes multiple
destinations, mobile drive unit 20a may request a path
16 to the next step by transmitting a new route request
22 to route planning module 94 and repeating the above
process with respect to the next destination. If the task
assignment 18 that mobile drive unit 20a received does
not specify any additional locations, mobile drive unit 20a
may request or be given another assigned task from re-
source scheduling module 92 or otherwise notify man-
agement module 15 that mobile drive unit 20a is available
for new assignments.
[0088] Although the illustrated example, utilizes only
straight segments 17, particular examples of inventory
system 10 may be configured to generate paths that in-
clude segments covering turns, curves, and other non-
linear portions. Additionally, although in the illustrated
example segments 17 extend without limit between turns
in path 16, particular examples of inventory system 10
may be configured to generate paths 16 that have an
upper limit on segment length or to allow only up to a
maximum segment length to be reserved with a single
reservation. As a result, a relatively long straight seg-
ment, such as segment 17c, may in reality represent a
series of smaller, connected segments 17 running in the
same direction.
[0089] Additionally, although mobile drive unit 20a re-
lies on a single path in the illustrated example, mobile
drive units 20 may, in particular examples, be configured
to request new paths 16 to a particular location while in
the process of completing a previously-requested path
16 to the same location. As noted above, mobile drive
units 20 may be configured to request a new path 16 if
they are unsuccessful in reserving a particular segment
17 in the current path 16. More generally, however, mo-
bile drive units 20 may be configured to request a new

path 16 to a particular destination at any appropriate time
while completing an existing path 16 to the same desti-
nation. For example, a particular example of mobile drive
unit 20 may request a new path 16 a predetermined
amount of time after requesting the original path, after
completing each segment 17, or at any other suitable
time. In such examples, mobile drive unit 20 may transmit
the originally received path 16 back to route planning
module 94 to be used as a starting point for determining
any improved paths 16 to the same destination.
[0090] Moreover, management module 15 may be ca-
pable of pushing new paths 16 to a mobile drive unit 20
while that mobile drive unit 20 is in the process of com-
pleting a previously-received path 16. As one example,
in particular examples, management module 15 may be
configured to manage congestion by transmitting new
paths 16 to mobile drive units 20 that are located in or
near congested areas or that are traveling on paths that
will traverse or pass near congested areas. As another
example, management module 15 may be configured to
improve the operational efficiency of inventory system
10 by transmitting new paths 16 to mobile drive units 20
that are optimized based on the attributes of inventory
holders 30 or inventory stations 50 associated with the
relevant mobile drive units 20 or the tasks they are com-
pleting. In general, either mobile drive unit 20 or route
planning module 94 may determine that mobile drive unit
20 should receive a new path 16 based on changes in
any appropriate condition, circumstance, property, or
state of inventory system 10 or any individual compo-
nents of inventory system 10.
[0091] In addition, although the illustrated example,
describes an example in which route planning module
94 transmits the entirety of path 16 to mobile drive unit
20a at one time, particular examples of route planning
module 94 may be configured to transmit path 16 in por-
tions. For example, in a particular example, route plan-
ning module 94 may be configured to transmit path 16
to the requesting mobile drive unit 20 one segment 17 at
a time. After traversing a particular segment 17, the re-
questing mobile drive unit 20 may then request another
segment 17 of the path 16. At that point, route planning
module 94 may determine, based on changes in condi-
tions within workspace 70 and/or any other appropriate
considerations, whether to provide the next segment 17
in the original path 16 or to generate a new path 16 to
the destination of the requesting mobile drive unit 20.
Route planning module 94 then communicates another
segment 17, either from the original path 16 or a new
path 16, to the requesting mobile drive unit 20. This proc-
ess may continue until the requesting mobile drive unit
20 reaches its destination.
[0092] Furthermore, while the illustrated example fo-
cuses on an example of inventory system 10 in which
mobile drive units 20 actively request reservation of par-
ticular segments 17 on their own behalf, in alternative
examples management module 15 or other suitable com-
ponents of inventory system 10 may be responsible for
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initiating reservations, either explicitly or implicitly. As one
example, in particular examples, management module
15 may monitor the location and current path of mobile
drive units 20 and may reserve appropriate segments 17
on behalf of mobile drive units 20 at appropriate times
during the movement of mobile drive units 20. As another
example, particular examples of inventory system 10
may include signaling devices, such as traffic signals,
that mange the flow of traffic within workspace 70. As a
result, management module 15 or other components that
control the signaling devices may implicitly reserve a par-
ticular segment 17 for a mobile drive unit 20 by signaling
to other mobile drive units 20 that they are not permitted
to use the relevant segment 17 at a particular time.
[0093] Consequently, inventory system 10 supports a
number of techniques that provide for efficient routing,
navigation, and management of mobile drive units 20
moving within workspace 70. Because inventory system
10 supports techniques for resolving conflicting requests
for a particular segment 17 by two different mobile drive
units 20 management module 15 may also help reduce
or eliminate collisions between mobile drive units 20 si-
multaneously completing tasks. As a result, the de-
scribed techniques may provide one or more operational
benefits.
[0094] FIGURE 6 is a flow chart illustrating the opera-
tion of a particular example of mobile drive unit 20 in
traversing a path 16 to a designated location. More spe-
cifically, FIGURE 6 illustrates the process by which mo-
bile drive unit 20, in particular examples of inventory sys-
tem 10, requests a path to a particular destination and
iteratively reserves and traverses the various segments
17 of that path 16. Any of the steps illustrated in FIGURE
6 may be combined, modified, or deleted where appro-
priate, and additional steps may also be added to those
shown in the flowchart. Moreover, the described steps
may be performed in any suitable order.
[0095] The example operation begins, at step 602, with
mobile drive unit 20 receiving a task assignment 18 from
resource scheduling module 92. Task assignment 18
identifies one or more locations associated with a task
assigned to mobile drive unit 20. In response to receiving
task assignment 18, mobile drive unit 20 requests, from
route planning module 94, a path to one of the destina-
tions identified in task assignment 18. In particular ex-
amples, mobile drive unit 20 requests the path by trans-
mitting a route request 22 to route planning module 94
at step 604. Route request 22 identifies a destination
location and the current location of mobile drive unit 20.
[0096] At step 606, route planning module 94 gener-
ates, selects, or identifies a path 16 from the current lo-
cation of mobile drive unit 20 to the destination location.
Route planning module 94 then transmits path 16 to mo-
bile drive unit 20. In particular examples, route planning
module 94 transmits path 16 to mobile drive unit 20 by
transmitting a route response 24 to mobile drive unit 20,
at step 608, that identifies path 16 in an appropriate man-
ner based on the capabilities of mobile drive unit 20. In

particular examples, path 16 includes multiple segments
17, including at least an initial segment 17 and one or
more additional segments 17. The initial segment 17 is
associated with a section of workspace 70 adjacent to
the current location of mobile drive unit 20 when mobile
drive unit 20 requests the path, and at least one of the
additional segments 17 is associated with a section of
workspace 70 adjacent to the destination. Path 16 may
include any number of additional segments 17.
[0097] After receiving the path from route planning
module 94, mobile drive unit 20 attempts to reserve the
initial segment 17 of the received path 16. In particular
examples, mobile drive unit 20 attempts to reserve the
initial segment 17 by transmitting a reservation request
26 to segment reservation module 96 at step 610. Res-
ervation request 26 identifies the requested segment 17.
[0098] Upon receiving reservation request 26, seg-
ment reservation module 96 attempts to reserve the re-
quested segment 17 for mobile drive unit 20 at 612. In
particular examples, segment reservation module 96
may modify the requested segment 17 to account for
potential uncertainties or errors in the calculated position
of mobile drive unit 20. As a result, in particular examples,
segment reservation module 96 may reserve a portion
of workspace 70 other than the segment specified by the
received reservation request 26. For example, segment
reservation module 96 may, under appropriate circum-
stances, expand, translate, and/or otherwise modify the
requested segment to create a modified segment more
suitable for use by the requesting mobile drive unit 20.
In particular examples, segment reservation module 96
may be configured to modify the requested segment
based on an error margin utilized by inventory system
10. Segment reservation module 96 may, as a result,
attempt to reserve a portion of workspace 70 that is ex-
panded, shifted, or otherwise modified from the reserved
segment 17 in an amount determined based on the error
margin. As a specific example, in particular examples
that utilize a grid-based workspace 70 that includes a
plurality of cells 14, segment reservation module 96 may
attempt to reserve a segment 17 that includes one or
more cells 14, beyond that included in the requested seg-
ment 17, that extend in the direction that the requesting
mobile drive unit 20 is currently traveling. As another ex-
ample, in particular examples, segment reservation mod-
ule 96 may attempt to reserve a segment that has been
shifted a particular number of cells in a specified direction.
[0099] Segment reservation module 96 may then notify
mobile drive unit 20 of whether or not mobile drive unit
20 has successfully reserved a segment 17 for mobile
drive unit 20. Alternatively, segment reservation module
96 may notify mobile drive unit 20 only of successful res-
ervation attempts. In particular examples, segment res-
ervation module 96 notifies mobile drive unit 20 by trans-
mitting a reservation response 28 to mobile drive unit 20
at step 614.
[0100] At step 616, mobile drive unit 20 determines
whether mobile drive unit 20 has successfully reserved
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the initial segment 17. If mobile drive unit 20 was not
successful in reserving the initial segment 17, mobile
drive unit 20 may take appropriate steps to continue work-
ing toward completion of the assigned task. For example,
in the illustrated example, mobile drive unit 20 waits a
predetermined amount of time and attempts to reserve
the initial segment again at step 618. Moreover, in the
illustrated example, mobile drive unit 20 determines at
step 620 if the second attempt is successful. If the second
attempt is successful, operation continues at step 622.
If the second attempt is not successful, operation returns
to 604 with mobile drive unit 20 requesting a new path 16.
[0101] Once mobile drive unit 20 is able to successfully
reserve the initial segment 17, mobile drive unit 20 begins
moving away from its original location along the initial
segment of the path at step 622. At step 624, mobile drive
unit 20 determines that there is less than a predetermined
portion of the initial segment 17 left to complete. As a
result, mobile drive unit 20 determines, at step 626,
whether any additional segments 17 remain to be com-
pleted in the current path 16.
[0102] If segments 17 remain to be completed in the
current path 16, mobile drive unit 20 attempts to reserve
the next segment 17, returning to step 610. If mobile drive
unit 20 successfully reserves the next segment operation
continues with mobile drive unit 20 moving along the next
segment 17. If mobile drive unit is not successful in re-
serving the next segment 17, operation continues
through to step 622. If mobile drive unit 20 reaches the
end of the initial segment 17 before successfully reserv-
ing the next segment, mobile drive unit 20 may pause its
movement at the end of the initial segment and remain
stationary until mobile drive unit 20 successfully reserves
the next segment or obtains an alternative path.
[0103] If no segments 17 remain to be completed in
the current path, mobile drive unit 20 determines whether
any destinations remain to be visited in the current task
assignment 18 at step 628. If so, operation returns to
step 604. If not, mobile drive unit 20 may notify resource
scheduling module 92 that mobile drive unit 20 has com-
pleted its current task at step 630. Operation with respect
to completing the current task may then end as shown
in FIGURE 6.
[0104] FIGURES 7 and 8 illustrate a technique for plan-
ning paths based on the current state of a requesting
mobile drive unit 20. More specifically, FIGURE 7 illus-
trates an example of how such techniques might be im-
plemented in a particular inventory system 10, and FIG-
URE 8 is a flowchart detailing example operation of man-
agement module 15 in implementing a particular example
of these techniques. As one example of how such a tech-
nique might be used in inventory system 10, particular
examples of inventory system 10 may allow mobile drive
units 20 that are not docked to an inventory holder 30 to
move through spaces currently occupied by stored in-
ventory holders 30, but mobile drive units 20 that are
docked with inventory holders 30 may not be capable of
doing so. As a result, when undocked, mobile drive units

20 may be able to "tunnel" through cells 14 having inven-
tory holders 30, thereby allowing for more effective use
of system resources.
[0105] FIGURE 7 illustrates techniques that may be
used by management module 15 in generating appropri-
ate paths 16 for mobile drive units 20. More specifically,
in particular examples, when mobile drive unit 20 re-
quests a path 16, route planning module 94, manage-
ment module 15 in general, or other appropriate compo-
nents of inventory system 10 determine a state of the
requesting mobile drive unit 20. As used in this descrip-
tion and the claims that follow, "state" may refer to tran-
sitional, temporary conditions, such as a current task as-
signment, that are associated with the requesting mobile
drive unit 20 as well as permanent characteristics and
properties, such as height and width, associated with the
requesting mobile drive unit 20.
[0106] Route planning module 94 then generates, se-
lects, or identifies a path based in part on the state of the
requesting mobile drive unit 20. More specifically, the
state of mobile drive unit 20 may dictate the cells through
which mobile drive unit 20 can travel, and route planning
module 94 may produce a path 16 that utilizes appropri-
ate cells 14. To illustrate, FIGURE 7 shows an example
of two alternative paths 16, paths 16a and 16b, that might
be generated by route planning module 94 based on a
particular aspect of the state of the requesting mobile
drive unit 20b. Specifically, FIGURE 7 illustrates two
paths 16 that may be generated based on whether or not
mobile drive unit 20b is currently docked with an inventory
holder 30.
[0107] To begin the example, mobile drive unit 20b re-
ceives a task assignment 18 as discussed above with
respect to FIGURE 5. Task assignment 18 identifies a
destination associated with a corresponding task as-
signed to mobile drive unit 20b. In response to task as-
signment 18, mobile drive unit 20b requests path 16 from
route planning module 94. In the example, mobile drive
unit 20b requests path 16 by transmitting route request
22, which identifies the relevant destination location, here
cell 14b.
[0108] In response to route request 22, route planning
module 94 generates a path 16 to the destination location
by identifying, selecting and/or otherwise generating an
appropriate path 16. In generating path 16, route plan-
ning module 94 considers a particular aspect of the state
of mobile drive unit 20b, here its docking status. Based
on the relevant aspect of the requesting mobile drive
unit’s state, route planning module 94 may determine
that the requesting mobile drive unit 20b is prohibited
from moving through particular cells 14, from traversing
particular paths 16, and/or from utilizing particular equip-
ment (e.g., a drive lift) within workspace 70, and/or that
the state of mobile drive unit 20b places some other form
of restriction on the path 16 that route planning module
94 can properly generate for mobile drive unit 20b.
[0109] In particular examples, the requesting mobile
drive unit 20 may itself indicate the relevant state infor-
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mation to route planning module 94. For example, in the
illustrated example, mobile drive unit 20b may indicate
its docking status in route request 22. In alternative ex-
amples, route planning module 94 may monitor one or
more mobile drive units 20 operating in workspace 70
and may maintain the relevant state information as part
of its normal operation. Additionally, in particular exam-
ples, route planning module 94 may instead retrieve the
relevant state information from other components of in-
ventory system 10 when a particular mobile drive unit 20
requests a path 16. For example, in particular examples,
when route planning module 94 receives a route request
22 from a particular mobile drive unit 20, route planning
module 94 may communicate with resource scheduling
module 92 to determine whether the requesting mobile
drive unit 20 is currently assigned a task.
[0110] In the illustrated example, it is assumed that mo-
bile drive units 20 that are currently docked with an in-
ventory holder 30 are not allowed to move through cells
14 of workspace 70 designated for the storage of inven-
tory holders 30 (referred to as storage cells 64). Conse-
quently, if mobile drive unit 20b is currently docked to an
inventory holder 30, route planning module 94 may gen-
erate a path for mobile drive unit 20 that circumvents all
designated storage cells, such as the path shown in FIG-
URE 7 as path 16a. On the other hand, if mobile drive
unit 20 is not currently docked to an inventory holder 30,
route planning module 94 may generate a path that in-
cludes designated storage cells 64, such as the path
shown in FIGURE 7 as path 16b.
[0111] Once route planning module 94 has generated
the appropriate path 16, route planning module 94 com-
municates path 16 to the requesting mobile drive unit 20.
In the illustrated example, route planning module 94
transmits a route response 24 to the mobile drive unit
20b that identifies path 16. Mobile drive unit 20b then
completes the received path 16 as discussed above.
[0112] By considering the state of the requesting mo-
bile drive unit 20 when generating path 16, route planning
module 94 may make more intelligent decisions regard-
ing paths 16 that route planning module 94 generates for
that mobile drive unit 20. In particular examples, route
planning module 94 may consider the state of a request-
ing mobile drive unit 20 to allow route planning module
94 to selectively use cells, paths, or equipment that might
be prohibited for use by mobile drive units 20 of a certain
state. Similarly, in particular examples, route planning
module 94 may consider the state of a requesting mobile
drive unit 20 to limit the use of particular cells, paths, or
equipment by mobile drive units 20 of a particular state
so that they can be available for use by mobile drive units
20 having states preferable for using the relevant cell,
path, or equipment.
[0113] As one example, route planning module 94
may, as already discussed, consider the docking status
of the requesting mobile drive unit 20 when generating
the path. Similarly, in particular examples (for example,
in which mobile drive units 20 do not actually dock with

inventory holders 30 they transport), route planning mod-
ule 94 may alternatively consider whether the requesting
mobile drive unit 20 is carrying a load when generating
the path. As a result, route planning module 94 may be
able to selectively use a cell 14 that might otherwise be
prohibited for use in routing because docked or loaded
mobile drive units 20 cannot traverse the cell 14 in ques-
tion due to the presence of a stored inventory holder 30,
the position of overhanging stairs, or other physical lim-
itations that prevent a docked or loaded mobile drive unit
20 from being able to cross cell 14. Consequently, cells
14 that would otherwise have to be prohibited from use
in any paths may be selectively utilized in paths for ap-
propriate mobile drive units 20, thereby increasing the
space resources available to route planning module 94
for routing requested paths 16.
[0114] Additionally, route planning module 94 may use
the docking or loading status of the requesting mobile
drive unit 20 as a proxy for determining the urgency of
the path 16 that mobile drive unit 20 is requesting. As a
result, route planning module 94 may decide not to route
undocked or unloaded mobile drive units 20 through cells
in high-traffic areas even if the resulting path 16 is sig-
nificantly longer. Similarly, route planning module 94 may
decide not to generate paths for undocked or unloaded
mobile drive units 20 that require the use of scarce equip-
ment resources, such as drive lifts, to complete the paths.
Consequently, route planning module 94 may generate
prioritized routes for certain mobile drive units 20 based
on the docking or loading status of those mobile drive
units 20.
[0115] As another example, route planning module 94
may consider the power or fuel level of the requesting
mobile drive unit 20 when generating path 16. As a result,
route planning module 94 may, based on the charge or
fuel level of the requesting mobile drive unit 20, generate
a path 16 that is less than some maximum length to en-
sure the requesting mobile drive unit 20 does not end up
stranded, even if this path will increase the probability
that the requesting mobile drive unit 20 will be delayed
by congestion. Similarly, route planning module 94 may
decide based on the fuel or charge level of the requesting
mobile drive unit 20 to generate a path that runs near a
recharging or refueling station to allow the requesting
mobile drive unit 20 to recharge or refuel while en route
to the destination location.
[0116] As yet another example, route planning module
94 may also consider the current assignment state of a
requesting mobile drive unit 20 in generating path 16 for
that mobile drive unit 20. This assignment state may re-
late to whether that mobile drive unit 20 is currently as-
signed a task, the priority of that task, and/or any other
consideration relating to the tasks currently or previously
assigned to that mobile drive unit 20. As a result, route
planning module 94 may only route mobile drive units 20
that are currently assigned a high-priority task through
what would otherwise be high-traffic cells 14. Similarly,
route planning module 94 may decide to generate a path
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that requires use of scare equipment resources, such as
drive lifts, only if the requesting mobile drive unit 20 is
currently assigned a task or, alternatively, a high-priority
task. Consequently, route planning module 94 generates
paths 16 that are quicker to complete for mobile drive
units 20 currently assigned a task, or for those currently
assigned a high-priority task.
[0117] As yet another example, inventory system 10
may utilize mobile drive units 20 having different physical
characteristics, such as height and width. In such exam-
ples, route planning module 94 may be configured to con-
sider the physical characteristics of the requesting mobile
drive unit 20 in generating path 16. As a result, the fact
that it may be physically impossible for certain mobile
drive units 20 to move through certain cells 14, follow
certain paths 16, or use certain equipment, may not
cause route planning module 94 to forgo use of such cells
14, paths 16, or equipment when generating paths for all
mobile drive units 20.
[0118] In general, however, route planning module 94
may, in particular examples, consider any one or more
aspects of the state of mobile drive unit 20, or of the load
that mobile drive unit 20 is carrying, in generating a re-
quested path 16. Consequently, route planning module
94 may be able to further optimize the use of resource
in inventory system 10 by tailoring path 16 to meet the
requirements of the requesting mobile drive unit 20. Fur-
thermore, by considering both the destination provided
by mobile drive unit 20 and the state of the requesting
mobile drive unit 20 in generating path 16, route planning
module 94 may be able to facilitate the completion of a
second goal (such as recharging) with little or no impact
on the ability of mobile drive unit 20 to complete its as-
signed task. As a result, particular examples of inventory
system 10 that implement the techniques described with
respect to FIGURE 7 may provide a number of opera-
tional benefits.
[0119] FIGURE 8 is a flowchart illustrating operation
of an example of route planning module 94 in implement-
ing some or all of the techniques described with respect
to FIGURE 7. While FIGURE 8 focuses on a particular
example of inventory system 10 that considers a partic-
ular aspect of the state of a mobile drive unit 20 in gen-
erating a path 16 to a particular destination for that mobile
drive unit 20, alternative examples of inventory system
10 may be configured to consider any appropriate aspect
of the state of mobile drive units 20 when generating
paths 16. Additionally, any of the steps illustrated in FIG-
URE 8 may be combined, modified, or deleted where
appropriate, and additional steps may also be added to
those shown in the flowchart. Moreover, the described
steps may be performed in any suitable order.
[0120] Operation begins at step 640 with route plan-
ning module 94 receiving a route request 22 from a mo-
bile drive unit 20. Route request 22 identifies a destination
location within workspace 70. In particular examples,
workspace 70 comprises at least one cell 14 associated
with a first cell attribute and at least one cell that is not

associated with the first cell attribute. For example, in
particular examples, those cells 14 which require tun-
neling to traverse are associated with a tunneling at-
tribute, while those cells which do not require tunneling
are not associated with the tunneling attribute. In the il-
lustrated example, all storage cells 64 in workspace 70
are associated with the tunneling attribute, and therefore
require an mobile drive unit 20 to be tunneling to traverse
them. By contrast, all cells 14 that are not storage cells
64 ("non-storage cells") in workspace 70 are not associ-
ated with the tunneling attribute, and these non-storage
cells 64 can be traversed without tunneling.
[0121] At step 642, route planning module 94 deter-
mines a state of the mobile drive unit 20. As discussed
above, route planning module 94 may determine the
state of mobile drive unit 20 based on information includ-
ed in route request 22 or other communication with the
requesting mobile drive unit 20, information maintained
by route planning module 94, information received from
another component of inventory system 10, and/or any
other suitable information. In response to determining
that the requesting mobile drive unit 20 is associated with
a first state, route planning module 94 generates a path
16 to the destination location for mobile drive unit 20 that
may traverse cells 14 that are associated with the first
cell attribute at step 644. In this case, the generated path
16 may traverse both cells that are associated with the
first cell attribute and cells that are not associated with
the first cell attribute. In response to determining mobile
drive unit 20 is not associated with the first state, how-
ever, route planning module 94 generates a path 16 to
the destination location for mobile drive unit 20 that does
not traverse any cells 14 associated with the first cell
attribute at step 646. In this case, the generated path 16
traverses only cells that are not associated with the first
cell attribute. While, in particular examples, the generat-
ed path 16 may allow for a particular mobile drive unit 20
to enter and exit a cell associated with the first cell at-
tribute from the same direction (e.g. to drop off an inven-
tory holder 30 in an empty storage cell 64) the generated
path 16, in such examples, will not allow or require the
requesting mobile drive unit 20 to traverse any such cells
14.
[0122] For example, in particular examples, route plan-
ning module 94 may determine whether mobile drive unit
20 is currently in a docked or undocked state. If route
planning module 94 determines at step 642 that the re-
questing mobile drive unit 20 is currently docked, route
planning module 94 generates a path 16 between the
first destination and the second destination that only in-
cludes cells 14 that are not designated as storage cells
64, such as path 16a in FIGURE 7. Instead, if route plan-
ning module 94 determines that the requesting mobile
drive unit 20 is not currently docked, route planning mod-
ule 94 may generate a path 16 that includes cells 14 that
are designated as storage cells 64 as well as cells 14
that are designated as non-storage cells, such as path
16b in FIGURE 7.
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[0123] After generating the appropriate path 16, route
planning module 94 communicates path 16 to the re-
questing mobile drive unit 20. In the illustrated example,
route planning module 94 communicates the generated
path 16 to the requesting mobile drive unit 20 by trans-
mitting a route response 24 to the requesting mobile drive
unit 20 that specifies the generated path 16 at step 648.
Route response 24 includes information defining the gen-
erated path 16. After receiving route response 24, mobile
drive unit 20 may then begin traversing the generated
path 16 to the destination location, and the operation of
route planning module 94 with respect to generating this
path 16 ends, as shown in FIGURE 8.
[0124] FIGURES 9-11 illustrate techniques for select-
ing a destination for mobile drive unit 20 based on the
state of the relevant mobile drive unit 20. More specifi-
cally, FIGURE 9 illustrates an example of how manage-
ment module 15 might utilize such techniques to select
destinations for mobile drive units 20 based on their task
assignments, while FIGURE 10 illustrates an example of
how management module 15 might utilize such tech-
niques to select a destination for mobile drive units 20
based on their capability to complete tasks. Additionally,
FIGURE 11 is a flowchart illustrating example operation
of management module 15 in a particular implementation
of these techniques. As one example of how such a tech-
nique might be used in inventory system 10, in particular
examples of inventory system 10, mobile drive units 20
and inventory holders 30 may be sized and shaped to
allow an undocked mobile drive unit 20 and an inventory
holder 30 to share the same portion of workspace 70,
such as storage cells 64. As a result, management mod-
ule 15 may instruct mobile drive units 20 that are not
currently engaged in completing any assigned tasks to
park in a space currently storing an inventory holder 30.
This may reduce the possibility of an idle mobile drive
unit 20 becoming an obstacle in workspace 70 and free
more room for traffic. Additionally, these techniques may
result in idle mobile drive units 20 being directed to a
location selected to best situate the relevant mobile drive
unit 20 for responding to its next assignment.
[0125] The example illustrated by FIGURE 9 begins
with resource scheduling module 92 determining a state
of mobile drive unit 20c. In particular, in this example,
resource scheduling module 92 determines an assign-
ment state of mobile drive unit 20c. The assignment state
may relate to whether the relevant mobile drive unit 20
is currently assigned one or more tasks, is actively en-
gaged in completing one or more tasks, has just com-
pleted one or more previously-assigned tasks, and/or any
other consideration associated with the tasks that have
been assigned to and/or completed by mobile drive unit
20c.
[0126] Additionally, resource scheduling module 92
may determine the assignment state of a particular mo-
bile drive unit 20 in any appropriate manner. In particular
examples, mobile drive units 20, upon completing a task,
notify resource scheduling module 92 of the fact that they

have completed their currently assigned tasks. In the il-
lustrated example, mobile drive unit 20c notifies resource
scheduling module 92 by transmitting a task completion
message 192. Task completion message 192 indicates
to resource scheduling module that the mobile drive unit
20 that transmitted task completion message 192 has
completed its currently-assigned task. Task completion
message 192 may include an identifier for the idle mobile
drive unit 20 and/or other information suitable to allow
resource scheduling module 92 to determine that the rel-
evant mobile drive unit 20 has completed its task. As a
result, resource scheduling module 92 determines the
assignment state of mobile drive unit 20c based on re-
ceipt of task completion message 192. In alternative ex-
amples, resource scheduling module 92 may monitor one
or more mobile drive units 20 operating in workspace 70
and may maintain the relevant state information as part
of its normal operation.
[0127] In response to determining that mobile drive unit
20c has completed its assigned tasks, resource sched-
uling module 92 selects a destination for mobile drive
unit 20c that is chosen based on the fact that mobile drive
unit 20c is idle. Depending on the configuration of inven-
tory system 10, resource scheduling module 92 may use
the knowledge that mobile drive unit 20c is idle in any
suitable manner in selecting an appropriate destination
for mobile drive unit 20c. By providing special treatment
for idle mobile drive units 20, resource scheduling module
92 may selectively place these mobile drive units 20 to
improve the overall effectiveness of inventory system 10.
[0128] In particular examples, resource scheduling
module 92 may direct mobile drive unit 20c to low-traffic
locations to prevent mobile drive unit 20c from creating
congestion while it awaits another task. As one example,
resource scheduling module 92 may select a destination
location from among storage cells 64 that currently hold
a stored inventory holder 30. Storage cells 64c, 64d, and
64e in FIGURE 9 illustrate examples of such locations.
[0129] As another example, resource scheduling mod-
ule 92 may direct mobile drive unit 20c to a low-traffic
destination by selecting a cell 14 that is otherwise inac-
cessible by mobile drive units 20, as a destination and/or
to move through, that are currently docked with an inven-
tory holder 30. For example, in particular examples, re-
source scheduling module 92 may identify a destination
from among cells 14 in workspaces that have overhang-
ing staircases, narrow entryways, low ceilings, and/or are
otherwise inaccessible by mobile drive units 20 docked
with the inventory holders 30 used in that example of
inventory system 10. This may help ensure that mobile
drive units 20 transporting inventory holders 30 will not
need to use the cell 14 selected as a parking space for
mobile drive unit 20c. Workspace 70 illustrated in FIG-
URE 9 includes a stairway 890 that prevents mobile drive
units 20 transporting inventory holders 30 from moving
through at least cells 14c - 14g. As a result, cells 14c-
14g illustrate an example of this type of inaccessible cell
in FIGURE 9.
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[0130] As yet another example, in particular examples
resource scheduling module 92 may direct mobile drive
unit 20c to a low-traffic destination by selecting a desti-
nation location based on the actual traffic flow through
the relevant area. For example, resource scheduling
module 92 may consider the frequency with which a par-
ticular cell 14 is included in paths 16 generated by route
planning module 94, the frequency with which segments
that include that cell 14 are requested for reservation,
and/or any other appropriate indicator of traffic flow, and
may then select a destination for mobile drive unit 20c
from among cells 14 that are only infrequently used by
mobile drive units 20. Cells 14h-14j in FIGURE 9 are
assumed, for the purposes of this example, to be infre-
quently used by mobile drive units 20 and thus illustrate
an example of this type of location.
[0131] Additionally, resource scheduling module 92
may attempt to improve operation of inventory system
10 by placing mobile drive unit 20c in an optimal position
for responding to subsequent tasks assigned to mobile
drive unit 20c. For example, in particular examples, re-
source scheduling module 92 may select a destination
location for mobile drive unit 20c that is close to stored
inventory holders 30. Cells 14k-14l in FIGURE 9 illustrate
generic examples of this type of location.
[0132] Furthermore, in particular examples, resource
scheduling module 92 may select a destination for mobile
drive unit 20c that is close to frequently-requested inven-
tory holders 30. For example, in a mail-order warehouse,
resource scheduling module 92 may select a destination
for mobile drive unit 20c near inventory holders 30 that
store top-selling inventory items 40. As a result, in such
examples, resource scheduling module 92 may consider
the frequency with which particular inventory holders 30
are used in responding to inventory requests and select
a location for mobile drive unit 20c that is near a frequent-
ly-requested inventory holder 30. Moreover, in particular
examples, resource scheduling module 92 may attempt
to achieve both goals by selecting a destination for mobile
drive unit 20c that is located in a storage cell 64 that holds
a frequently-requested inventory holder 30. As a result,
mobile drive unit 20c may be kept out of traffic and also
optimally positioned for responding to subsequent tasks
likely to be assigned to mobile drive unit 20. For the pur-
poses of this example, inventory holders 30m and 30n
are assumed to be frequently-requested inventory hold-
ers. As a result, due to the fact that storage cells 64m
and 64n are each currently storing an inventory holder
30 and, in particular, an inventory holder 30 that is fre-
quently requested, storage cells 64m and 64n in FIGURE
9 represent example locations that satisfy both goals.
[0133] More generally, resource scheduling module 92
may select any particular type of location as a destination
for a mobile drive unit 20 having a particular assignment
status. Additionally, while FIGURE 9 illustrates an exam-
ple configuration in which particular types of cells 14 that
may be selected as destinations are located in particular
locations in workspace 70, resource scheduling module

92 may utilize destinations of any type located anywhere
within workspace 70.
[0134] After selecting a destination for mobile drive unit
20c, resource scheduling module 92 communicates the
destination location to mobile drive unit 20c. In the illus-
trated example, resource scheduling module 92 trans-
mits a task assignment 18 that identifies the selected
destination location. In particular examples, mobile drive
unit 20c may then request a path and move to the des-
tination, as described with respect to FIGURE 5. In par-
ticular examples, mobile drive unit 20 may then wait at
the destination until receiving another task assignment
18.
[0135] Thus, by selecting parking locations in low-traf-
fic areas for idle mobile drive units 20, a particular exam-
ple of resource scheduling module 92 may reduce the
probability that such mobile drive units 20 will create con-
gestion while they wait for further assignments. Further-
more, by placing idle mobile drive units 20 near inventory
holders 30 or other appropriate components of inventory
system 10, resource scheduling module 92 can reduce
the completion time for future tasks that idle mobile drive
units 20 are assigned. More generally, a particular ex-
ample of inventory system 10 may be configured to use
the knowledge that a particular mobile drive unit 20 is
idle in any appropriate manner to select a destination for
that mobile drive unit 20. By strategically placing mobile
drive units 20 when they are not being used, resource
scheduling module 92 can further increase the overall
efficiency and throughput of inventory system 10.
[0136] FIGURE 10 illustrates another example of how
resource scheduling module 92 may use various aspects
of the state of a mobile drive unit 20 to determine a loca-
tion for that mobile drive unit 20. More specifically, FIG-
URE 10 illustrates how resource scheduling module 92
may use a capability state of a mobile drive unit 20 to
determine a location for that mobile drive unit 20. By de-
termining an appropriate destination for a mobile drive
unit 20 based on the repair status, energy supply status,
and/or any other consideration relating to the ability of
that mobile drive unit 20 to complete assigned tasks, in
general, and/or to complete a particular assigned task,
resource scheduling module 92 may optimize the place-
ment of mobile drive units 20 in need of repair, re-supply,
and/or other types of maintenance to regain or improve
their capability of completing assigned tasks.
[0137] The example illustrated by FIGURE 10 begins
with resource scheduling module 92 determining the
state or a particular aspect of the state of mobile drive
unit 20d. In particular, in this example, resource sched-
uling module 92 determines a capability state of mobile
drive unit 20d. The capability state may relate to the repair
status, supply status, maintenance status, and/or any
other aspect of the mobile drive units current ability or
anticipated future ability to complete assigned tasks.
[0138] Resource scheduling module 92 may deter-
mine the capability state of mobile drive unit 20d in any
appropriate manner. In the illustrated example, mobile
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drive units 20d is configured to transmit a capability mes-
sage 990 when its capabilities change and/or an event
affecting its capabilities occurs. For example, a mobile
drive unit 20 may transmit a capability message 990 when
its fuel level or battery charge level drops, parts or com-
ponents of mobile drive unit 20d break or become unus-
able, a scheduled maintenance period for mobile drive
unit 20d elapses, or any other event occurs affecting or
potentially affecting the ability of mobile drive unit 20d to
complete assigned tasks and/or remain active. In alter-
native examples, resource scheduling module 92 may
monitor various characteristics of mobile drive units 20
or events associated with mobile drive units 20 as part
of its normal operation and determine the capability state
of mobile drive units 20 based on the monitored informa-
tion. In yet other examples, resource scheduling module
92 may receive information from other components of
inventory system 10 from which resource scheduling
module 92 determines the capability state of mobile drive
units 20. In general, however, resource scheduling mod-
ule 92 may determine the capability state of a particular
mobile drive unit 20 using any appropriate information
obtained from any suitable source.
[0139] Returning to the illustrated example, resource
scheduling module 92, after determining the capability
state of mobile drive unit 20d from capability message
990, selects a location for mobile drive unit 20d based
on this capability state. Resource scheduling module 92
then generates a task assignment 18 identifying the se-
lected location and transmits task assignment 18 to mo-
bile drive unit 20 for completion. By selecting a destina-
tion appropriate for mobile drive unit 20 based on its ca-
pability state, resource scheduling module 92 may be
able to reduce the effects of damage, energy depletion,
and other debilitating occurrences on the congestion,
throughput, and responsiveness of inventory system 10.
[0140] As one example, in particular examples, the ca-
pability state of mobile drive unit 20d may relate to its
state of repair. If any components, or a specific compo-
nent, of mobile drive unit 20d breaks or becomes unus-
able, mobile drive unit 20 may transmit capability mes-
sage 990 to resource scheduling module 92. Resource
scheduling module 92 may then select a destination for
mobile drive unit 20 based on the knowledge that mobile
drive unit 20d needs repair. In particular examples, in-
ventory system 10 may include automated repair stations
992 that are capable of repairing certain types of mal-
functions or replacing certain types of parts. For example,
inventory system 10 may include an automated repair
station 992 that can replace blown tires, clean sensors,
or perform other types of repairs with limited or no human
involvement. In such examples, resource scheduling
module 92 may select a destination at or near an appro-
priate automated repair station 992, such as cells 14m,
14n, and 14o, in response to determining mobile drive
unit 20d needs repair or, in response to determining mo-
bile drive unit 20d needs a particular type of repair.
[0141] As another example, in particular examples, in-

ventory system 10 may include cells 14, such as cells
14p and 14q that provide easy access for human oper-
ators attempting to repair mobile drive units 20, and re-
source scheduling module 92 may be configured to send
mobile drive units 20 to these cells for at least certain
types of repairs. In particular examples, such as the one
illustrated in FIGURE 10, some or all of workspace 70
may be enclosed by a wall, railing, or other barrier that
prevents or limits entry to workspace 70 and resource
scheduling module 92 may select a destination near ac-
cess points to workspace 70 (such as doors 998 in FIG-
URE 10). Alternatively or additionally, resource schedul-
ing module 92 may select a destination that is located
away from high-traffic areas, reserved for repair work, or
otherwise situated to allow human operators safe and/or
easy access to mobile drive units needing repair. Thus,
in response to determining drive unit 20d needs repair
or, in response to determining mobile drive unit 20d
needs a particular type of repair (e.g., a type of repair too
complicated for automated repair station 994), resource
scheduling module 92 may select a destination, such as
cells 14p and 14q, for mobile drive unit 20d that is easily
accessible to human operators.
[0142] As yet another example, in particular examples,
the capability state of mobile drive unit 20d may relate to
its fuel or charge level. For example, in particular exam-
ples, mobile drive unit 20d may transmit capability mes-
sage 990 indicating its fuel level, battery charge, or other
appropriate form of energy level to resource scheduling
module 92. Resource scheduling module 92 may then
select an appropriate destination for mobile drive unit 20d
based on this information. In particular examples, inven-
tory system 10 may include one or more energy stations
996 at which mobile drive units 20 may be recharged or
refueled, receive a new battery, or otherwise receive ad-
ditional energy for responding to assigned tasks. Thus,
in response to determining drive unit 20d needs refueling
or recharging, resource scheduling module 92 may select
a destination, such as cells 14r, 14s, or 14t, that is close
to an appropriate energy station 996.
[0143] As yet another example, in particular examples,
resource scheduling module 92 may be configured to
send mobile drive units 20 that need repair, refuel, or
recharging to low-traffic cells 14. Consequently, in such
examples, mobile drive units 20 that are not capable of
completing assigned tasks will not impede traffic while
awaiting repair or removal from inventory system 10. In
doing so, resource scheduling module 92 may consider
the frequency with which a particular cell 14 is included
in paths 16 generated by route planning module 94, the
frequency with which segments that include that cell 14
are requested for reservation, and/or any other appropri-
ate indicator of traffic flow, and may then select a desti-
nation for mobile drive unit 20d from among cells 14 that
are only infrequently used by mobile drive units 20. Ad-
ditionally, when selecting a destination for such mobile
drive units 20, resource scheduling module 92 may con-
sider the fact that, because of physical constraints, sys-
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tem policies, and/or any other suitable considerations a
particular cell 14 is not otherwise available as a destina-
tion for mobile drive units 20 and/or for mobile drive units
20 to move through. In FIGURE 10, cells 14u and 14v in
are assumed, for the purposes of this example, to be
infrequently used by mobile drive units 20 and thus illus-
trate an example of this type of location. Thus, in re-
sponse to determining drive unit 20d needs repair or, in
response to determining mobile drive unit 20d needs a
particular type of repair, resource scheduling module 92
may select a destination in a low-traffic area, such as
cells 14u or 14v.
[0144] As yet another example, resource scheduling
module 92 may select a particular task or tasks for a
mobile drive unit 20 based on the degraded capabilities
of mobile drive unit 20. Thus, when resource scheduling
module 92 detects that a mobile drive unit 20 is in a state
of disrepair, low on batteries or fuel, or otherwise in a
state of degraded capabilities, resource scheduling mod-
ule 92 may assign that mobile drive unit 20 a task asso-
ciated with lighter inventory holders 30, inventory holders
30 closer to the position of the mobile drive unit 20, or
otherwise better suited for transport by the degraded mo-
bile drive unit 20 than the inventory holders 30 associated
with other tasks. As a result, resource scheduling module
92 may select for the relevant mobile drive unit 20 a des-
tination location associated with such inventory holders
30.
[0145] More generally, resource scheduling module 92
may select any particular type of location as a destination
for a mobile drive unit 20 having a particular capability
state. Additionally, while FIGURE 10 illustrates an exam-
ple configuration in which particular types of cells 14 that
may be selected as destinations are located in particular
locations in workspace 70, resource scheduling module
92 may utilize destinations of any type located anywhere
within workspace 70.
[0146] After resource scheduling module 92 selects an
appropriate destination for mobile drive unit 20d based
on its capability state, resource scheduling module 92
communicates the destination to mobile drive unit 20d.
In the illustrated example, communicates the destination
by transmitting a task assignment 18 to mobile drive unit
20d that identifies the selected destination. Mobile drive
unit 20d then requests a path 16 to the selected destina-
tion and travels the path to the selected destination as
described above with respect to FIGURE 5. In particular
examples, mobile drive unit 20 may then remain at the
selected destination until being repaired or receiving ap-
propriate maintenance. Mobile drive unit 20 may then
become available to receive other task assignments from
resource scheduling module 92.
[0147] Although the above description focuses on an
example in which mobile drive unit 20d transmits infor-
mation indicating its capability state to resource sched-
uling module 92, in particular examples, resource sched-
uling module 92 may instead determine the capability
state of a particular mobile drive unit 20 based on infor-

mation resource scheduling module 92 retrieves from a
source other than the relevant mobile drive unit 20. For
example, in particular examples, mobile drive unit 20 may
be repaired or maintained according to a repair or main-
tenance schedule, and resource scheduling module 92
may determine the capability state of a particular mobile
drive unit 20 based on this schedule and stored informa-
tion indicating the last time the relevant mobile drive unit
20 was repaired or received maintenance.
[0148] Thus, by selecting parking spaces for mobile
drive units 20 that increase the speed or ease with which
mobile drive units 20 can be repaired, refueled, re-
charged, maintained, or otherwise have their capabilities
restored, resource scheduling module 92 can limit the
negative impact of mobile drive units 20 that are dam-
aged, expended, or otherwise incapable of completing
assigned tasks. Moreover, by choosing parking spaces
in low-traffic areas for such mobile drive units 20, partic-
ular examples of resource scheduling module 92 may
reduce the probability that such mobile drive units 20 will
create congestion while they await repair or mainte-
nance. More generally, a particular example of inventory
system 10 may be configured to use the knowledge that
a particular mobile drive unit 20 is damaged, expended,
or otherwise incapable of completing assigned tasks in
any appropriate manner to select a destination for that
mobile drive unit 20. By strategically locating mobile drive
units 20 that are in such a state, resource scheduling
module 92 can further increase the overall efficiency and
throughput of inventory system 10.
[0149] FIGURE 11 is a flowchart illustrating the oper-
ation of a particular example of resource scheduling mod-
ule 92 in selecting a destination location for a mobile drive
unit 20. More specifically, FIGURE 11 illustrates the proc-
ess by which resource scheduling module 92, in partic-
ular examples of inventory system 10, selects a destina-
tion for a particular mobile drive unit 20 based on the
state of that mobile drive unit 20. Although FIGURE 11
focuses on an example in which resource scheduling
module 92 selects a destination for mobile drive unit 20
based on an assignment state of the mobile drive unit
20, particular examples of resource scheduling module
92 may be configured to instead select a destination
based on a capability state or any other aspect of the
overall state of the relevant mobile drive unit 20. Addi-
tionally, any of the steps illustrated in FIGURE 11 may
be combined, modified, or deleted where appropriate,
and additional steps may also be added to those shown
in the flowchart. Moreover, the described steps may be
performed in any suitable order.
[0150] Operation, in this example, begins with re-
source scheduling module 92 determining an assign-
ment state of a particular mobile drive unit 20 at step 650.
As noted above, the assignment state may relate to
whether the mobile drive unit 20 is currently assigned
one or more tasks, is actively engaged in completing one
or more tasks, and/or has just completed one or more
previously-assigned tasks, and/or any other aspect of
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the tasks that have been assigned to and/or completed
by mobile drive unit 20. At step 652, resource scheduling
module 92 determines, based on this assignment state,
whether mobile drive unit 20 is currently completing any
assigned tasks. If resource scheduling module 92 deter-
mines that mobile drive unit 20 is currently completing
an assigned task, resource scheduling module 92 may
allow mobile drive unit 20 to complete its assigned task
and operation of resource scheduling module 92 with re-
spect to selecting a destination for that mobile drive unit
20 may end as shown in FIGURE 11.
[0151] If, instead, resource scheduling module 92 de-
termines that mobile drive unit 20 is not currently com-
pleting any assigned tasks, resource scheduling module
92 selects a destination for mobile drive unit 20, at step
654, based on the assignment state of mobile drive unit
20. Depending on the configuration of resource sched-
uling module 92, resource scheduling module 92 may
select any appropriate destination for mobile drive unit
20 based on its assignment state. In particular examples,
resource scheduling module 92 may select a low-traffic
destination or a destination near locations associated
with anticipated future tasks. Thus, in response to deter-
mining that mobile drive unit 20 is idle, resource sched-
uling module 92 may select a location based on a traffic
level associated with the destination, based on its prox-
imity to inventory holders 30, or based on any other con-
sideration appropriate a state of the mobile drive unit 20.
[0152] At step 656, resource scheduling module 92
transmits information identifying the selected destination
to mobile drive unit 20. In particular examples, resource
scheduling module 92 transmits a task assignment 18
that includes the selected destination. At step 658, mobile
drive unit 20 moves to the selected destination.
[0153] Mobile drive unit 20 then waits until it receives
another assigned task at step 660. Thus, at step 662,
mobile drive unit 20 determines whether mobile drive unit
20 has received another assigned task. If so, mobile drive
unit 20 begins executing the assigned task at step 664,
and the operation of resource scheduling module 92 with
respect to selecting a destination for mobile drive unit 20
ends as shown in FIGURE 11.
[0154] While mobile drive unit 20 is waiting for another
assigned task, resource scheduling module 92 may de-
termine, at step 666, that a portion of workspace 70 as-
sociated with the selected destination, such as a cell 14
that contains the selected destination, is needed for an-
other use. As a result, resource scheduling module 92
may select another destination for mobile drive unit 20
at step 668, and operation may return to step 656 with
resource scheduling module 92 transmitting information
identifying the newly-selected location to mobile drive
unit 20.
[0155] FIGURES 12A-12E, 13, and 14 illustrate a tech-
nique for managing the coordinated movement, or "pla-
tooning," of mobile drive units 20. More specifically, FIG-
URES 12A-12E illustrate an example of how coordinated
movement techniques might be implemented and utilized

in a particular example of inventory system 10. FIGURE
13 is a flowchart illustrating example operation of man-
agement module 15 in utilizing a particular implementa-
tion of these techniques, while FIGURE 14 is a flowchart
illustrating example operation of a mobile drive unit 20 in
utilizing a particular implementation of these techniques.
[0156] As one example of how such a technique might
be implemented and utilized in inventory system 10, man-
agement module 15 may employ modified reservation
policies for a group of mobile drive units 20 that are mov-
ing in the same direction. In particular, one or more mobile
drive units 20 in the rear of the group may be allowed to
reserve a segment 17 that includes a particular cell 14
occupied by the mobile drive unit 20 in front of that mobile
drive unit 20 before the front mobile drive unit 20 vacates
the relevant cell 14, based on the expectation that the
mobile drive unit(s) 20 in the front will be moving at the
same time that the mobile drive unit(s) 20 in the back are
moving and that, as a result, a collision will not occur
despite the relaxed reservation policy.
[0157] FIGURES 12A-12B illustrate an example of
how these policies might be implemented in the case of
mobile drive units 20 that are not moving in the same
direction. More specifically, FIGURES 12A-12B show an
example in which mobile drive unit 20e is attempting to
reserve a path segment 17x to move in the direction in-
dicated by arrow 401. In the illustrated example, segment
17x is presently reserved and occupied by mobile drive
unit 20f. Moreover, mobile drive unit 20e is attempting to
move towards mobile drive unit 20f as indicated by arrow
402. FIGURES 12A and 12B also show a drive identifi-
cation signal 430 that is generated by mobile drive unit
20f and described in greater detail below with respect to
FIGURES 12C-12E.
[0158] FIGURE 12A shows the location of mobile drive
units 20e and 20f, in this example, when mobile drive
unit 20e attempts to reserve segment 17x. As shown in
FIGURE 12A, mobile drive unit 20e attempts to reserve
segment 17x by transmitting reservation request 26 to
management module 15. Similar to the result under the
reservation policies described above with respect to FIG-
URE 5, this reservation request 26 will be denied even
under the modified reservation policies utilized in this ex-
ample, because mobile drive unit 20f already occupies
cell 14xx on the requested segment 17x and mobile drive
unit 20e and mobile drive unit 20f are not moving in the
same direction. In the illustrated example, management
module 15 notifies mobile drive unit 20e that the attempt-
ed reservation was unsuccessful by transmitting reser-
vation response 28 indicating that the reservation was
unsuccessful, as shown in FIGURE 12B.
[0159] Additionally, in particular examples, mobile
drive units 20e may be equipped with an obstacle sensor
that senses objects in the path of mobile drive unit 20e,
including other mobile drive units 20. As a result, mobile
drive unit 20e may stop moving if mobile drive unit 20e
detects mobile drive unit 20f in its path while in transit,
or may refrain from requesting a reservation if mobile
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drive unit 20e detects mobile drive unit 20f on a segment
17, such as segment 17x, that mobile drive unit 20e is
attempting to reserve. Consequently, in particular exam-
ples, mobile drive unit 20e may not even attempt to re-
serve segment 17x if mobile drive unit 20e detects mobile
drive unit 20f on segment 17x as is shown in the example.
[0160] FIGURES 12C-12E illustrate an example of
how the modified policies might operate in the case of
mobile drive units 20 that are moving in the same direc-
tion. In FIGURES 12C-12E, mobile drive unit 20e is again
attempting to reserve path segment 17x to move in the
direction indicated by arrow 401. As in the previous illus-
trations, segment 17x is already reserved and occupied
by mobile drive unit 20f. In this case, however, mobile
drive unit 20f is attempting to move away from mobile
drive unit 20e as indicated by arrow 403.
[0161] FIGURE 12C shows the location of mobile drive
units 20e and 20f when mobile drive unit 20e attempts
to reserve segment 17x. As shown in FIGURE 12C, mo-
bile drive unit 20e again attempts to reserve segment
17x by transmitting a reservation request 26 to manage-
ment module 15. In this case, however, segment reser-
vation module 96 (or another appropriate component of
management module 15) determines that mobile drive
unit 20f is moving in the same direction as mobile drive
unit 20e. As a result, segment reservation module 96
decides that it is acceptable to allow mobile drive unit
20e to reserve segment 17x sooner than mobile drive
unit 20e would otherwise be able to do so. As a result,
management module 15 may transmit a reservation re-
sponse 28 indicating that mobile drive unit 20f has suc-
cessfully reserved segment 17, as shown in FIGURE
12D.
[0162] Consequently, in particular examples, mobile
drive unit 20e may be able to successfully request res-
ervations that overlap with the reservations of mobile
drive unit 20f based on the fact that mobile drive units
20e and 20f are moving in the same direction as one
another. Additionally, depending on the specific policies
implemented by the relevant example of inventory sys-
tem 10, mobile drive unit 20e may also be permitted to
move into a given cell 14 earlier than would otherwise be
allowed. As a result, mobile drive unit 20e may, at par-
ticular times during its movement along segment 17x,
occupy a portion of the same cell 14 as mobile drive unit
20e, as shown in FIGURE 12E. Thus, the modified res-
ervation policies shown in FIGURES 12C-12E allow for
mobile drive units 20 traveling in the same direction to
follow one another with a much smaller distance sepa-
rating them than would otherwise be allowed.
[0163] Additionally, as noted above, mobile drive unit
20e may also include a collision detector capable of de-
tecting obstacles in its way. If the collision detector de-
tects an obstacle in the path of mobile drive unit 20e, the
collision detector may prevent mobile drive unit 20e from
moving even if mobile drive unit 20e has successfully
reserved the segments 17 in its path. Therefore, in ex-
amples of inventory system 10 in which mobile drive units

20 utilize such collision detectors, mobile drive units 20
may also be configured to transmit a drive identification
signal 430, as shown in FIGURES 12A-12E.
[0164] Drive identification signal 430 may represent
any appropriate form of signal that indicates to other mo-
bile drive units 20 that the object transmitting drive iden-
tification signal 430 is itself a mobile drive unit 20. Exam-
ples of drive identification signals include, but are not
limited to, audio, visible light, radio, infrared, and ultravi-
olet signals. In particular examples, drive identification
signal 430 may comprise a line-of-sight signal, and mo-
bile drive units 20 may transmit drive identification signal
430 in a direction opposite the direction in which they are
traveling. As a result, only mobile drive units 20 posi-
tioned behind the transmitting mobile drive unit 20 (rela-
tive to the direction the transmitting mobile drive unit 20
is traveling) will be able to detect drive identification signal
430. Consequently, mobile drive units 20 that do detect
drive identification signal 430 can determine, based on
this detection, that the obstacle they are detecting is in
fact a mobile drive unit 20 moving away from them and
these mobile drive units 20 may override their collision
detectors as a result of this determination.
[0165] Furthermore, in addition to identifying the trans-
mitting mobile drive unit 20 as a mobile drive unit, drive
identification signal 430 may carry additional information
about the transmitting mobile drive unit 20 to allow any
nearby mobile drive unit 20 to modify its movement based
on the movement or planned movement of the transmit-
ting mobile drive unit 20. For example, drive identification
signal 430 may contain the current speed, current accel-
eration/deceleration, destination, size, and/or location of
the transmitting mobile drive unit 20 and/or any other
appropriate information to be used by mobile drive units
20 trying to navigate within the vicinity of the transmitting
mobile drive unit 20. As a result, when the transmitting
mobile drive unit 20 adjusts its speed or direction, mobile
drive units 20 following behind it can detect this adjust-
ment based on information contained in drive identifica-
tion signal 430. The trailing mobile drive units 20 may
then adjust their own speed in response and avoid colli-
sions when the transmitting mobile drive unit 20 brakes
or otherwise decelerates.
[0166] Thus, in the example illustrated by FIGURES
12C-12E, mobile drive unit 20f transmits drive identifica-
tion signal 430 that informs mobile drive unit 20e that
mobile drive unit 20f is a mobile drive unit 20 and that it
is traveling at a particular speed. When mobile drive unit
20e detects drive identification signal 430 transmitted by
mobile drive unit 20f, mobile drive unit 20e determines
that the object detected by its collision detector is in fact
a mobile drive unit 20 moving in the opposite direction.
As a result, mobile drive unit 20e overrides its collision
detector and proceeds in the direction of mobile drive
unit 20f, as shown by the dotted-line silhouette in FIGURE
12E. As mobile drive unit 20f adjusts its speed, mobile
drive unit 20e detects the change based on information
in drive identification signal 430 and adjusts its own speed
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to match. As a result, mobile drive unit 20e is able to
follow closely behind mobile drive unit 20f while they are
traveling in the same direction while limiting or eliminating
the possibility of a collision between mobile drive units
20e and 20f.
[0167] FIGURE 13 is a flowchart illustrating example
operation of segment reservation module 96 in imple-
menting the techniques described above. In particular,
FIGURE 13 details operation of a particular example of
segment reservation module 96 in managing the move-
ment of a first mobile drive unit 20 and a second mobile
drive unit 20 that may be operating in close proximity to
one another. Any of the steps illustrated in FIGURE 13
may be combined, modified, or deleted where appropri-
ate, and additional steps may also be added to those
shown in the flowchart. Moreover, the described steps
may be performed in any suitable order.
[0168] Operation begins, at step 670, with resource
scheduling module 92 receiving, from first mobile drive
unit 20, a reservation request 26 requesting use of a path
segment 17 to move in a first direction. Prior to or after
receiving reservation request 26, resource scheduling
module 92 determines that a second mobile drive unit 20
is currently located on the requested path segment 17 at
step 672. Because the second mobile drive unit 20 is
currently located on the requested path segment 17, re-
source scheduling module 92 determines whether the
second mobile drive unit 20 is moving in the first direction
at step 674.
[0169] If resource scheduling module 92 determines
that the second mobile drive unit 20 is moving in the first
direction, resource scheduling module 92 grants the res-
ervation. As a result, resource scheduling module 92 re-
serves the requested path segment 17 at step 676. At
step 678, resource scheduling module 92, in particular
examples, then transmits a reservation response 28 in-
dicating that the requested reservation was successful.
[0170] If resource scheduling module 92 determines
that the second mobile drive unit 20 is not moving in the
first direction, resource scheduling module 92 denies the
reservation. In particular examples, resource scheduling
module 92 may then transmit a reservation response 28
to the first mobile drive unit 20, at step 680, indicating
that the first mobile drive unit 20 did not successfully re-
serve the requested segment 17. The operation of re-
source scheduling module 92 with respect to responding
to reservation request 26 may then end, as shown in
FIGURE 13.
[0171] FIGURE 14 is a flowchart illustrating example
operation of a mobile drive unit 20 in implementing the
techniques described above. In particular, FIGURE 14
details the decision-making utilized in particular exam-
ples of inventory system 10 by a first mobile drive unit 20
operating in close proximity to a second mobile drive unit
20. Any of the steps illustrated in FIGURE 14 may be
combined, modified, or deleted where appropriate, and
additional steps may also be added to those shown in
the flowchart. Moreover, the described steps may be per-

formed in any suitable order.
[0172] Operation begins at step 702 with the first mo-
bile drive unit 20 receiving a command instructing it to
move in a first direction. This command may represent
a task assignment 18 assigning mobile drive unit 20 a
task associated with a destination in the first direction, a
route response 24 identifying a path 16 heading in the
first direction, and/or any other appropriate form of com-
mand instructing the first mobile drive unit 20 to move in
the first direction. At step 704, the first mobile drive unit
20 begins moving in the first direction along a path seg-
ment 16.
[0173] At step 706, the first mobile drive unit 20 detects
an object located in the first direction along the path seg-
ment 16. In particular examples, mobile drive units 20
include an obstacle sensor 160 capable of detecting ob-
jects in the paths of mobile drive units 20. Thus, in such
examples, the obstacle sensor 160 of first mobile drive
unit 20 may detect the object.
[0174] At step 708, the first mobile drive unit 20 deter-
mines whether the detected object is another mobile
drive unit 20 moving in the first direction. In particular
examples, mobile drive units 20 transmit drive identifica-
tion signals 430 that identify them as mobile drive units
20. Moreover, in particular examples, mobile drive units
20 transmit drive identification signal 430 in a direction
opposite their direction of travel. As a result, only mobile
drive units 20 behind a transmitting mobile drive units 20
(relative to the direction of travel of the transmitting mobile
drive unit 20) receive the drive identification signal 430
transmitted by the transmitting mobile drive unit 20. Thus,
in such examples, the first mobile drive unit 20 may de-
termine whether the detected object is a second mobile
drive unit 20 moving in the first direction by determining
whether the first mobile drive unit 20 detects a drive iden-
tification signal 430 transmitted by the object.
[0175] If the first mobile drive unit 20 determines that
the detected object is not a second mobile drive unit 20
traveling in the second direction, the first mobile drive
unit 20 may terminate movement in the first direction at
step 710. The first mobile drive unit 20 may then wait
until the first mobile drive unit 20 no longer detects the
detected obstacle in its path, move around the detected
obstacle, request a new path, and/or take any other re-
medial action appropriate based on the configuration of
the first mobile drive unit 20. Operation may then end
with respect to this particular movement of the first mobile
drive unit 20, as shown in FIGURE 14.
[0176] If, instead, the first mobile drive unit 20 deter-
mines that the detected object is a second mobile drive
unit 20 moving in the first direction, the first mobile drive
unit 20 continues moving in the first direction. Addition-
ally, in particular examples, the second mobile drive unit
20 may communicate information regarding its current
state to the first mobile drive unit 20. For example, in
particular examples, the drive identification signal 430
transmitted by the second mobile drive unit 20 may in-
clude information specifying the current speed of the sec-
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ond mobile drive unit 20, its position, and the maximum
rate of deceleration it can presently achieve. At step 712,
the first mobile drive unit 20 may calculate a speed at
which it can safely follow the second mobile drive unit
20. In particular examples, first mobile drive unit 20 may
calculate this speed based on the state of first mobile
drive unit 20 and/or the state of second mobile drive unit
20, as described above. At step 714, the first mobile drive
unit 20 may continue movement in the first direction at
the calculated speed. Operation may then end with re-
spect to this particular movement of the first mobile drive
unit 20, as shown in FIGURE 14.
[0177] FIGURES 15 and 16 illustrate operation of a
particular example of route planning module 94 in utilizing
various types of equipment in inventory system 10 to fa-
cilitate the movement of mobile drive units 20. More spe-
cifically, FIGURE 15 illustrates a particular example of
inventory system 10 that includes conveyance equip-
ment to supplement the capabilities of mobile drive units
20 in transporting inventory holders 30, while FIGURE
16 illustrates an example of how route planning module
94 may plan paths for mobile drive units 20 that rely on
such equipment. Additionally, FIGURE 17 is a flowchart
illustrating example operation of inventory system 10 in
utilizing particular types of conveyance equipment to
transport inventory holders 30.
[0178] FIGURE 15 illustrates an example of inventory
system 10 that includes certain types of conveyance
equipment that route planning module 94 may incorpo-
rate into paths 16 that route planning module 94 gener-
ates for requesting mobile drive units 20. In general, in-
ventory system 10 may include any appropriate form of
conveyance equipment to supplement the transportation
capabilities provided by mobile drive units 20. Such con-
veyance equipment may include, but is not limited to,
vertical lifts, horizontal conveyors, elevators, escalators,
trucks, ferries, and/or any other equipment capable of
transporting inventory holders 30 and/or mobile drive unit
20 that are themselves transporting inventory holders 30.
As a result, particular examples of inventory system 10
that include such conveyance equipment may be capable
of providing alternative manners of conveyance unach-
ievable by the particular type of mobile drive unit 20 uti-
lized in that example of inventory system 10 (e.g., trans-
portation between floors of a multi-floored workspace 70
or transportation between buildings in a multi-building
workspace 70) or may be capable of more efficiently pro-
viding transportation of inventory holders 30 under cer-
tain conditions (e.g., scheduled transportation of groups
of inventory holders 30 along high-traffic paths 16 or seg-
ments 17).
[0179] To optimize use of such conveyance equip-
ment, management module 15 may implement certain
techniques for path planning, segment reservation,
and/or other aspects of managing inventory system 10
that consider the characteristics, advantages, and/or lim-
itations of the conveyance equipment included in that
particular example of inventory system 10. FIGURE 15

illustrates one example of techniques management mod-
ule 15 may utilize to reserve access to and use of par-
ticular types of conveyance equipment for requesting mo-
bile drive units 20. More specifically, FIGURE 15 illus-
trates an example of how management module 15 han-
dles reservation of drive lifts 790 in a multi-storied work-
space 70 to facilitate entry to, use of, and exit from drive
lifts 790 by mobile drive units 20.
[0180] Particular examples of inventory system 10,
such as the one shown in FIGURE 15, may utilize a work-
space 770 that is spread over multiple different floors,
rooms, and/or areas of a building or other structure that
are otherwise physically separated from one another. In
such examples, inventory holders 30, inventory stations
50, and/or other elements of inventory system 10 may
be spread over multiple different floors, rooms, and/or
areas, and mobile drive units 20 may move between
these separate portions of workspace 770 to complete
assigned tasks. Moreover, such examples may include
alternative conveyance equipment to supplement the
transportation capabilities of mobile drive units 20 in mov-
ing inventory holders 30 between the various portions of
workspace 770. For example, FIGURE 15 illustrates an
inventory system 10 that includes drive lifts 790a-c to
facilitate the movement of mobile drive units 20 and in-
ventory holders 30 between the various floors 772 of
workspace 770. As a result, resource scheduling module
92, route planning module 94, and/or other components
of management module 15 may consider the multi-floor
nature of workspace 770 and the existence of drive lifts
790 when assigning tasks to mobile drive units 20, plan-
ning paths to facilitate the completion of certain tasks, or
performing any other task relating to the management of
inventory system 10.
[0181] In the illustrated example, inventory system 10
utilizes a plurality of drive lifts 790 that connect floors
772a-c of a multi-floor workspace 770. Drive lifts 790a-c
each connect a ground floor 772a to a second-level floor
772b and a third-level floor 772c, as indicated by arrows
792a-c, respectively. Route planning module 94 is capa-
ble of generating paths 16 for mobile drive units 20 that
rely on drive lifts 790 to facilitate the movement of mobile
drive units 20 between different floors 772 of workspace
770. In particular examples, mobile drive units 20 may
then traverse these paths 16, as described above with
respect to FIGURE 5, additionally reserving and using
drive lifts 790 as appropriate to complete the received
paths 16.
[0182] For the purposes of the illustrated example, mo-
bile drive unit 20g is located on floor 772a and is assumed
to have received a path 16m to a destination cell 14 lo-
cated on floor 772c. Path 16m is assumed to utilize drive
lift 790b to transport mobile drive unit 20g to floor 772c.
After receiving path 16m, mobile drive unit 20 may begin
advancing along the received path 16m, reserving seg-
ments and moving as described above with respect to
FIGURE 5. At an appropriate point along path 16m, for
example while traversing segment 17m, mobile drive unit
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20 may attempt to reserve a segment 17n associated
with drive lift 790b.
[0183] Because the use of drive lifts 790 may require
that certain conditions be satisfied to ensure that mobile
drive units 20 are capable of safely entering and exiting
drive lifts 790, segment reservation module 96 may be
configured to consider the fact that a particular requested
cell 14 or segment 17 is adjacent to or associated with a
drive lift 790 when resolving reservations of that cell 14
or segment 17. As one example, in particular examples,
resource scheduling module 92 may group cells 14 ad-
jacent to a particular drive lift 790 on the various floors
772 of workspace 770 into a single group. In such exam-
ples, resource scheduling module 92 may grant use of
the cells 14 and the associated drive lift 790 to a single
mobile drive unit 20 at a time. As a result, resource sched-
uling module 92 may be able to ensure that a particular
requesting mobile drive unit 20, after reserving a partic-
ular drive lift 790, is able to exit drive lift 790 on any floor
772 without the possibility of another mobile drive unit 20
blocking the requesting mobile drive unit 20 from exiting
the relevant drive lift 790, either physically or by reserving
a cell 14 the requesting mobile drive unit 20 must use to
exit the relevant drive lift 790.
[0184] Thus, in the illustrated example, cells 14w, 14x,
14y, and 14z (the shaded cells 14 in FIGURE 15) are all
considered part of a cell group that is associated with
drive lift 790b. As mobile drive unit 20g approaches drive
lift 790b while traversing path 16m, mobile drive unit 20g
attempts to reserve cell 14x by transmitting a reservation
request 26 that identifies segment 17n. Segment reser-
vation module 96 receives the reservation request 26
and determines that segment 17n includes a cell 14w
that contains drive lift 790b. As a result, segment reser-
vation module 96 attempts to satisfy the reservation re-
quest 26 by reserving all of the cells 14 in the group as-
sociated with drive lift 790b. More specifically, segment
reservation module 96 attempts to reserve cells 14x, 14y,
and 14z, as well as the requested cell 14w. In this exam-
ple, if segment reservation module 96 determines that
mobile drive unit 20g cannot reserve all of cells 14w-14z
then segment reservation module 96 transmits a reser-
vation response 28 indicating that the requested reser-
vation response 28 was unsuccessful. Mobile drive unit
20 may then take any appropriate remedial actions as
described above with respect to FIGURE 5. If, instead,
segment reservation module 96 determines that mobile
drive unit 20g can reserve all of cells 14w-14z, then seg-
ment reservation module 96 transmits a reservation re-
sponse 28 indicating that the requested reservation was
successful.
[0185] Additionally, in particular examples, drive lift
790 may include only a single platform or car and a mobile
drive unit’s ability to access the drive lift 790 at a given
time may depend on the floor 772 on which the car or
platform is located at that time. Thus, as part of deter-
mining whether a requesting mobile drive unit 20 can
reserve a particular drive lift 790, segment reservation

module 96 may determine whether the platform or car is
currently located on the same floor 772 as the requesting
mobile drive unit 20. If not, segment reservation module
96 may, depending on the configuration of inventory sys-
tem 10, decline the requested reservation, grant the re-
quested reservation but indicate that mobile drive unit 20
must wait a particular amount of time before attempting
to enter the relevant drive lift 790, or grant the requested
reservation and rely upon interaction between the rele-
vant drive lift 790 and the requesting mobile drive unit 20
(e.g., traffic signals transmitted by the drive lift 790) to
ensure that the requesting mobile drive unit 20 waits until
the drive lift 790 is appropriately positioned before enter-
ing.
[0186] Additionally, in particular examples, to improve
the effectiveness of drive lifts 790, segment reservation
module 96 may consider the current position of a car or
platform of a particular drive lift 790 when deciding which
of competing mobile drive units 20 to grant use of that
drive lift 790. As an example, in particular examples, seg-
ment reservation module 96 may reduce movement of
the car or platform while empty by granting mobile drive
units 20 located on the current floor of the car or platform
priority in reserving use of the car or platform. Thus, if
two mobile drive units 20 both request use of the same
drive lift 790 at approximately the same time, segment
reservation module 96 may give priority to the reservation
of the mobile drive unit 20 that is located on the same
floor that the car or platform of the relevant drive lift 790
[0187] Returning to the example, drive lift 790b is ap-
propriately configured for use by mobile drive unit 20g,
mobile drive unit 20g may enter drive lift 790b. Drive lift
790b may then transport mobile drive unit 20g to floor
772c. Mobile drive unit 20g may then exit drive lift 790b
into cell 14z, which, in this example, mobile drive unit 20g
has already reserved by virtue of reserving cell 14w
and/or use of drive lift 790b.
[0188] Additionally, in particular examples, mobile
drive units 20 may be capable of receiving new tasks
and/or paths 16 while being transported between floors
772. As a result, the fact that mobile drive units 20, when
using a particular drive lift 790, reserve a group of cells
14 appropriate to allow exit and entry to that drive lift 790
on any floor 772 may, in particular examples, allow mobile
drive unit 20 to adjust quickly to the new task or path 16
and exit the relevant drive lift 790 on a different floor 772
without being blocked by mobile drive units 20 on the
new floor 772. For example, mobile drive unit 20g may
receive a new task and/or path 16 requiring mobile drive
unit 20 to exit drive lift 790 on floor 772b. As a result of
the fact that mobile drive unit 20g previously reserved all
of the cells 14 in the group associated with drive lift 790b,
another mobile drive unit 20 will not be blocking cell 14y
physically or by reservation, if mobile drive unit 20g at-
tempts to change its path and exit on floor 772b. This, in
turn, may prevent mobile drive unit 20g from monopoliz-
ing lift 772b despite its sudden change in route.
[0189] Returning to the illustrated example, once drive
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lift 790b transports mobile drive unit 20g to floor 772c,
mobile drive unit 20g exits drive lift 790b. As noted above,
in particular examples, mobile drive unit 20 has already
reserved cell 14z as part of its initial reservation. In such
examples, that reservation will ensure cell 14z is clear
and mobile drive unit 20 can immediately disembark from
drive lift 790. Mobile drive unit 20 may then proceed with
completing the remainder of path 16m as described
above with respect to FIGURE 5.
[0190] By reserving an entrance and multiple possible
exits from drive lifts 790 for mobile drive units 20 using
those drive lifts 790, segment reservation module 96 may
limit traffic congestion and reduce the amount of time
mobile drive units 20 are forced to wait before exiting
drive lifts 790. Additionally, this reservation system may
prevent a blocked mobile drive unit 20 from delaying use
of a drive lift 790 by other mobile drive units 20. Further-
more, by considering the current location of a car or lift
of a drive lift 790 in granting reservations, segment res-
ervation module 96 may limit the number of unloaded
transitions the car or platform makes between floors 772
and increase the drive lifts 790 throughput. As a result,
the described techniques may facilitate more efficient op-
eration of drive lifts 790 and mobile drive units 20.
[0191] FIGURE 16 illustrates further certain tech-
niques that particular examples of inventory system 10
may implement to optimize the use of conveyance equip-
ment, such as drive lifts 790, to supplement the operation
of mobile drive units 20 in transporting inventory holders
30. More specifically, FIGURE 16 illustrates certain tech-
niques particular examples of inventory system 10 may
utilize to ensure that the benefits and drawbacks of using
a particular type conveyance are weighed in planning the
tasks that will be assigned and the routes that mobile
drive units 20 will take when moving within workspace
70. As a result, particular examples of inventory system
10 may further increase the efficiency that may result
from the availability and use of conveyance equipment
to assist mobile drive units 20 in transporting inventory
holders 30.
[0192] For example, in particular multi-story examples
of inventory system 10, resource scheduling module 92
may associate a cost with the use of each cell 14 in work-
space 770. This cost may represent the time expended
in driving across the cell 14, the historical level of con-
gestion within the cell 14 or neighboring cells 14, the
number of inventory holders 30 adjacent to the cell,
and/or any other consideration that may reflect the cost
in time, space, and/or other resources that is associated
with routing a mobile drive unit 20 through the relevant
cell 14. Likewise, resource scheduling module 92 may
associate a cost with the use of drive lifts 790 and/or
other equipment used to facilitate movement of mobile
drive units 20 such as conveyors, escalators, and/or
cranes. Using drive lifts 790 as an example, this cost may
represent the time expended in riding drive lift 790 be-
tween particular floors 772, the power expended in op-
erating drive lift 790, the frequency with which multi-floor

paths using that drive lift 790 are otherwise generated
by resource scheduling module 92, and/or any other con-
sideration that may reflect the cost in time, space, and/or
other system resources that is associated with providing
mobile drive unit 20 a path 16 that utilizes the relevant
drive lift 790.
[0193] When management module 15 receives an in-
ventory request identifying, for example, a particular in-
ventory item 40 to be retrieved, resource scheduling
module 92 may select an inventory holder 30 based, at
least in part, on the least-costly route to each of the in-
ventory holders 30 currently storing the requested inven-
tory item 40. Consequently, in particular examples, re-
source scheduling module 92 may add up the total cost
associated with every possible path 16 between the cur-
rent location of the relevant mobile drive unit 20 and a
particular inventory holder 30 storing the relevant inven-
tory item 40. Resource scheduling module 92 may then
compare the cost of the least expensive path between
the mobile drive unit 20 and each inventory holder 30
and select an inventory holder 30 based, at least in part,
on the least costly path 16 between a selected mobile
drive unit 20 and each of the inventory holders 30.
[0194] To illustrate, FIGURE 16 shows an example in
which management module 15 selects an inventory hold-
er 30 to be used in satisfying an inventory request re-
questing a particular inventory item 40. In the example,
resource scheduling module 92 has already selected mo-
bile drive unit 20h based on appropriate criteria to retrieve
an inventory holder 30 containing the requested inven-
tory item 40. Inventory holders 30p and 30q are the only
inventory holders 30 currently storing the requested in-
ventory item 40. Additionally, for the purposes of this ex-
ample, it is assumed that path 16p and path 16q are the
least costly paths 16 between mobile drive unit 20h and
inventory holder 30p and 30q, respectively. As a result,
resource scheduling module 92 selects one of inventory
holder 30p and 30q based, at least in part, on the cost
associated with path 16p and 16q.
[0195] Consequently, if the cost associated with path
16p is greater than the cost associated with path 16q,
resource scheduling module 92 will select inventory hold-
er 30q, and mobile drive unit 20h, in this example, will be
required to use one of drive lifts 790 to access floor 772b
when retrieving inventory holder 30q. If however, the cost
associated with using drive lift 790 and traversing the
cells 14 on path 16q exceed the cost of traversing cells
14 on path 16p, resource scheduling module 92 will select
inventory holder 30p. Thus, resource scheduling module
92, in particular examples, is capable of recognizing that
one or more costs of using drive lifts 790 may make the
use of drive lifts 790 less preferred in many cases, but
that, under certain circumstances, the benefits of using
drive lifts 790 may outweigh these costs.
[0196] After selecting an inventory holder 30 to be re-
trieved, resource scheduling module 92 communicates
the location of the selected inventory holder 30 to mobile
drive unit 20h, for example, as part of a task assignment

55 56 



EP 2 036 014 B1

30

5

10

15

20

25

30

35

40

45

50

55

18, as described above. Assuming, for the purpose of
this example, that resource scheduling module 92 has
selected inventory holder 30q, mobile drive unit 20h re-
quests a path 16 to inventory holder 30q from route plan-
ning module 94. In response, route planning module 94
communicates path 16q or, if routing considerations have
changed since inventory holder 30q was selected, an-
other path 16 to inventory holder 30q.
[0197] Upon receiving a suitable path 16 to inventory
holder 30q, mobile drive unit 20h reserves a first segment
17 of the received path 16 and begins moving towards
inventory holder 30q as described above with respect to
FIGURE 5. Assuming mobile drive unit 20h received path
16q from route planning module 94, mobile drive unit 20h
will move towards drive lift 790c along path 16q. As mo-
bile drive unit 20h approaches drive lift 790c, mobile drive
unit 20h may attempt to reserve drive lift 790c. In partic-
ular examples, mobile drive unit 20h may reserve drive
lift 790c in a similar manner as that described above for
reserving segments 17. Thus, if another mobile drive unit
20h currently has drive lift 790c reserved and/or is cur-
rently on drive lift 790c, mobile drive unit 20h may be
unable to reserve drive lift 790c.
[0198] Once mobile drive unit 20h does successfully
reserve drive lift 790c, mobile drive unit 20h may position
itself on drive lift 790c. Drive lift 790c may then lift mobile
drive unit 20h to floor 772b. As noted above, operation
of drive lifts 790 may be controlled by mobile drive units
20, management module 15, or any other suitable com-
ponents of inventory system 10. After drive lift 790c lifts
mobile drive unit 20h to floor 772, mobile drive unit 20h
proceeds to the location of inventory holder 30q and
docks with inventory holder 30q. Mobile drive unit 20h
may then request, from route planning module 94, a path
16 back to an inventory station 50 associated with the
inventory request. After receiving such a path 16, mobile
drive unit 20h may use a drive lift 790 specified by the
received path 16 to return to floor 772a and then move
inventory holder 30q to the relevant inventory station 50
to complete the assigned task.
[0199] As a result, inventory system 10 may incorpo-
rate drive lifts 790 to lift and lower mobile drive units 20
thereby facilitating the use of multi-storied workspaces
770. Moreover, management module 15 and its various
components may be configured to consider the costs and
benefits of using drive lifts 790 and may, as a result, make
knowledgeable decisions regarding the use of drive lifts
790 to complete particular tasks. In a similar manner,
inventory system 10 and management module 15 may
be configured to utilize other equipment (such as, for ex-
ample, conveyors, escalators, cranes, or ferries) or fea-
tures (such as, for example, ramps, tunnels, or stairways)
to facilitate the movement of mobile drive units 20 within
workspace 770. Additionally, the ability to effectively in-
corporate such equipment into inventory system 10 may
allow greater flexibility in the size, shape, and configura-
tion of workspace 770 and/or provide other benefits.
[0200] FIGURE 17 is a flowchart illustrating the oper-

ation of a particular example of resource scheduling mod-
ule 92 in selecting paths for mobile drive units 20 in a
workspace 70 that utilizes conveyance equipment in con-
junction with mobile drive units 20 to transport inventory
holders 30. While FIGURE 17 focuses on a particular
example of inventory system 10 that utilizes a particular
technique for reserving conveyance equipment, alterna-
tive examples of inventory system 10 may be configured
to utilize conveyance equipment in any appropriate man-
ner. Additionally, any of the steps illustrated in FIGURE
17 may be combined, modified, or deleted where appro-
priate, and additional steps may also be added to those
shown in the flowchart. Moreover, the described steps
may be performed in any suitable order.
[0201] Operation begins, in FIGURE 17, with a mobile
drive unit 20 moving to a first point within a workspace
70 at step 720. In the described example, an inventory
holder 30 is stored in a first cell 14 at the first point. After
arriving at the first point, mobile drive unit 20 docks with
the inventory holder 30 stored at the first point at step 722.
[0202] After docking with inventory holder 30, mobile
drive unit 20 moves itself and the inventory holder toward
a second point within the workspace at step 724. In the
illustrated example, the second point is located in a sec-
ond cell 14 that is associated with conveyance equip-
ment. This second cell 14 may represent a cell in which
the conveyance equipment is located, an entry cell for
the conveyance equipment, a pickup cell for the convey-
ance equipment, or a cell associated with the convey-
ance equipment in any other manner. Additionally, in the
described example, the conveyance equipment is asso-
ciated with a group of multiple cells 14 of which the sec-
ond cell 14 is a member.
[0203] As mobile drive unit 20 moves to the second
point, or once mobile drive unit 20 arrives at the second
point, mobile drive unit 20 reserves the second cell 14.
In the described example, mobile drive unit 20 reserves
the second cell 14 by transmitting a reservation request
26 identifying the second cell 14 to segment reservation
module 96 at step 726. At step 728, segment reservation
module 96 receives reservation request 26.
[0204] After receiving reservation request 26, segment
reservation module 96 determines that the second cell
14 is a member of a group of cells 14 that are associated
with the conveyance equipment at step 730. As a result,
segment reservation module 96, as a response to receiv-
ing reservation request 26, attempts to reserve all of the
cells 14 in the group of cells 14 associated with the con-
veyance equipment at step 732. Segment reservation
module 96 then indicates to the requesting mobile drive
unit 20 whether segment reservation module 96 was able
to reserve the second cell and/or all of the cells 14 in the
group associated with the conveyance equipment. In the
described example, segment reservation module 96
communicates the outcome to mobile drive unit 20 by
transmitting a reservation response 28 at step 734.
[0205] After successfully reserving the group of cells
14 associated with the conveyance equipment, mobile
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drive unit 20 enters the second cell 14 at step 736. At
step 738, in the described example, the conveyance
equipment moves inventory holder 30 and mobile drive
unit 20 to a third point. In alternative examples, the con-
veyance equipment may move inventory holder 30 with-
out moving mobile drive unit 20 and mobile drive unit 20
may undock from the inventory holder 30 at the second
point.
[0206] After the conveyance equipment moves the in-
ventory holder 30 and, if appropriate, mobile drive unit
20 to the third point, mobile drive unit 20 or another suit-
able component of inventory system 10 terminates the
reservation of the group of cells 14 associated with the
conveyance equipment at step 740. In particular exam-
ples, the group of cells 14 may include, at or near the
third point, one or more exit cells 14, drop-off cells 14,
and/or other appropriate cells 14 that are part of the group
of cells 14 associated with the conveyance equipment
and the reservation may be maintained until mobile drive
unit 20 exits those cells 14.
[0207] At step 742, the original mobile drive unit 20 or
another mobile drive unit 20 moves inventory holder 30
to a fourth point. The fourth point may represent a storage
location, inventory station 50, or other appropriate des-
tination associated with the relevant inventory holder 30.
For example, in the described example, the fourth point
is located in a storage cell 64 intended for inventory hold-
er 30. Thus, in this example, mobile drive unit 20 undocks
from inventory holder 30 and moves away from inventory
holder 30 at step 744. In this example, operation of in-
ventory system 10 with respect to moving inventory hold-
er 30 then ends as shown in FIGURE 17.
[0208] FIGURES 18-20 illustrate example operation of
an example of inventory system 10 that utilizes specific
techniques for rotating inventory holders 30 as part of
transporting inventory holders 30 within inventory system
10. These techniques may be useful, for example, in pre-
senting a particular face of an inventory holder 30 to an
operator of an inventory station 50. The described tech-
niques and system configuration may allow particular ex-
amples of inventory system 10 to operate within work-
spaces 70 having a reduced size and to simplify the co-
ordination of mobile drive unit movement. In particular
examples of inventory system 10 that utilize inventory
stations 50, the positioning of rotation areas 790 near
inventory stations 50 may allow management module 15
to delay the selection of a face to be presented at a par-
ticular inventory station 50 until the assigned mobile drive
unit 20 is near the inventory station 50. This may allow
management module 15 to optimize face selection based
on the current state of inventory system 10.
[0209] FIGURE 18 illustrates an example of inventory
system 10 that includes a management module 15, one
or more mobile drive units 20, one or more inventory hold-
ers 30, and one or more inventory stations 50 that operate
within a workspace 870 similar to those described above
with respect to FIGURE 1. Additionally, workspace 870
includes a plurality of rotation areas 892 in which mobile

drive units 20 perform particular operations associated
with rotating inventory holders 30. By performing some
or all rotations of inventory holders 30 in rotation areas
892, particular examples of inventory system 10 may be
configured to operate within a smaller workspace.
[0210] Rotation areas 892 represent a portion of work-
space 870 covering a plurality of cells 14. In particular
examples of inventory system 10, the number and ar-
rangement of cells 14 in a particular rotation area 892
are selected based on the size and shape of inventory
holders 30 and the type of rotational movement support-
ed by mobile drive units 20. For example, inventory sys-
tem 10 utilizes inventory holders 30 that include four sim-
ilarly-dimensioned faces with each face a having a width
substantially equal to or slightly smaller than the width of
a cell 14 in workspace 870. Particular examples may also
utilize mobile drive units 20 that are capable of three-
hundred and sixty degree rotations while stationary. In
such examples, workspace 870 may include rotation ar-
eas 892 that represent a two-cell by two-cell section of
workspace 870. While FIGURE 18 illustrates a particular
example in which rotation areas are equal in size to some
whole multiple of the size of an individual cell 14, alter-
native examples of inventory system 10 may utilize rota-
tion areas 892 having any suitable size that is larger than
the size of an individual cell 14. Additionally, although
FIGURE 18 illustrates a particular example of inventory
system 10 in which rotation areas 892 are located adja-
cent to each inventory station 50, alternative example of
inventory items 40 may include any number of rotation
areas 892 in any appropriate location within workspace
870.
[0211] In the illustrated inventory system 10, mobile
drive units 20 interact with management module 15 to
receive task assignments, request paths 16, and reserve
routed segments 17 in order to complete tasks in a man-
ner similar to that described above with respect to FIG-
URE 5. While transporting inventory holders 30 between
locations in workspace 870, a mobile drive unit 20 main-
tains a constant orientation for inventory holders 30 re-
gardless of the direction mobile drive unit 20. Conse-
quently, in the illustrated example, when a mobile drive
unit 20 changes the direction in which it is traveling, the
orientation of an inventory holder 30 being transported
by that mobile drive unit 20 remains the same despite
the direction change.
[0212] This may be accomplished in a variety of ways
depending on the configuration and capabilities of mobile
drive units 20. As one example, a mobile drive unit 20
may be capable of propelling itself in a forward and a
backward direction relative to a certain face of mobile
drive unit 20 and of rotating itself to change its direction
of travel. In such examples, mobile drive unit 20 may
undock from an inventory holder 30 it is currently trans-
porting before rotating and inventory holder 30 may, as
a result, maintain a constant orientation regardless of the
direction in which mobile drive unit 20 is driving. As an-
other example, mobile drive unit 20 is capable of propel-
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ling itself in any of four directions and can thus change
its direction of travel without rotating.
[0213] Because many shapes of inventory holders 30
require a greater amount of space between neighboring
inventory holders 30 when one or more such inventory
holders 30 are rotated, limiting rotation of inventory hold-
ers 30 can reduce the amount of space required for in-
ventory holders 30 to be transported within workspace
870 without collisions occurring between inventory hold-
ers 30. Nonetheless, a number of benefits may arise from
mobile drive units 20 rotating inventory holders 30. For
example, inventory system 10 may reduce the amount
of time and effort that is spent by the operator of an in-
ventory station 50 in retrieving inventory items 40 from a
particular bin of an inventory holder 30 if inventory holder
30 is rotated so that the appropriate face of that inventory
holder 30 is presented to the operator.
[0214] Thus, mobile drive units 20 may be configured
to allow rotation of inventory holders 30 but to perform
some or all such rotations in rotation areas 892. In par-
ticular, mobile drive units 20 assigned tasks that involve
transporting inventory holders 30 to inventory stations 50
may bring inventory holders 30 towards inventory station
50, maintaining a constant orientation for inventory hold-
ers 30 as described above. Mobile drive units 20 may
then, if appropriate, execute one or more steps designed
to induce a certain form of rotation in inventory holder 30
suitable to present a particular face of the retrieved in-
ventory holder 30 to inventory station 50. FIGURES 19A
to 19E illustrate examples of the steps mobile drive units
20 may execute to induce specific types of rotation in
inventory holders 30. After completing the appropriate
form of rotation, mobile drive unit 20 may then position
inventory holder 30 in front of inventory station 50 to allow
an operator of inventory station 50 to access the present-
ed face of inventory holder 30.
[0215] Consequently, by restricting or eliminating the
ability of mobile drive units 20 to rotate inventory holders
30 outside of rotation areas 892, inventory system 10
may be able to utilize smaller cells 14 without collisions
occurring. As a result, such examples may be able to
operate within a smaller workspace. Thus, by incorpo-
rating rotation areas 892, inventory system 10 may re-
duce their overall space requirements and/or provide ad-
ditional operational benefits.
[0216] FIGURES 19A-19E illustrate example maneu-
vers that may be performed by mobile drive unit 20 when
rotating an inventory holder 30 in a rotation area 892. In
particular, FIGURES 19A-19D illustrate various maneu-
vers that may be completed by mobile drive unit 20 to
enter a rotation area 892 from a first cell 14 and exit the
rotation area 892 into a second cell 14 while rotating in-
ventory holder 30 so that a particular one of the four faces
of inventory holder 30z is presented to inventory station
50. FIGURE 19E illustrates various maneuvers that may
be performed by mobile drive unit 20z to allow mobile
drive unit 20z to exit rotation area 892 into any cell 14
neighboring rotation area 892. Thus, as shown by FIG-

URES 19A-19E, mobile drive unit 20 may enter a rotation
area 892 from any neighboring cell 14, perform an ap-
propriate rotation so that any face of inventory holder 30
is facing a specific direction, and then exit into any spe-
cific cell 14 neighboring rotation area 892.
[0217] FIGURE 19A illustrates an example in which
mobile drive unit 20 enters rotation area 892 from cell
14aa, rotates, and exits rotation area 892 into cell 14dd.
In particular examples, rotation areas 892 may be asso-
ciated with a queue in which mobile drive units 20 are
expected to wait until being granted access to rotation
area 892 and also with an inventory station 50 at which
the relevant inventory holder 30 will be presented after
exiting the relevant rotation area 892. As a result, mobile
drive units 20 may be limited in terms of the cells 14 from
which they can enter rotation areas 892 and limited in
terms of the cell 14 into which they can exit rotation areas
892. Thus, FIGURES 19A-19D illustrate an example in
which mobile drive unit 20z is limited to entering rotation
area 892 from cell 14aa and exiting rotation area 892 into
cell 14dd.
[0218] More specifically, in the example shown in FIG-
URE 19A, mobile drive unit 20 receives a path 16 into
rotation area 892 through cell 14aa. Mobile drive unit 20
approaches cell 14aa along a straight segment 917a with
a first face of inventory holder 30 (labeled as face "920a"
in FIGURE 19A) facing in the direction of travel, referred
to here as the "first" direction. As mobile drive unit 20 is
traveling through cell 14aa, mobile drive unit 20 begins
to veer to the left or right so that mobile drive unit 20
follows an arced segment 918a into rotation area 892.
While mobile drive unit 20 follows arced segment 918a,
the orientation of first face is kept consistent with the di-
rection of travel, as shown in FIGURE 19A. As a result,
when mobile drive unit 20 reaches the center of rotation
area 892, in the illustrated example, the orientation of the
first face has changed so that the first face now faces a
direction ("referred to here as the "second" direction)
somewhere between the first direction and a third direc-
tion orthogonal to the first direction. In particular exam-
ples, this second direction equals approximately a forty-
five degree rotation from the first direction.
[0219] Upon reaching the center of rotation area 892,
mobile drive unit 20 may perform any of a number of
rotation maneuvers to facilitate the presentation of a par-
ticular face of inventory holder 30. FIGURES 19A-19D
illustrate examples of these rotation maneuvers. In par-
ticular, FIGURE 19A illustrates an example in which mo-
bile drive unit 20 performs a ninety degree rotation (as
indicated by arrow 901 a) in the direction opposite of the
veer mobile drive unit 20 executed to follow arced seg-
ment 918b to orient inventory holder 30 so the first face
is presented to an operator of inventory station 50. Mobile
drive unit 20 then moves toward the cell 14dd along arced
segment 918b veering in the same direction as the orig-
inal veer. As a result of the ninety-degree rotation, a sec-
ond face (labeled as face "920b" in FIGURE 19A) of in-
ventory holder 30 now faces in the direction of travel and
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mobile drive unit 20 holds the orientation of this second
face consistent with the direction of travel as mobile drive
unit 20 follows arced segment 918b.
[0220] Furthermore, as mobile drive unit 20 travels
arced segment 918b this arced path induces an addition-
al rotation in inventory holder 30 that complements the
rotation induced in inventory holder 30 while mobile drive
unit 20 traveled arced segment 17a. In particular exam-
ples, this rotation is equal to approximately forty-five de-
grees. As a result, the total rotation induced in inventory
holder 30 as a result of mobile drive unit 20 traveling the
arced segments 918a and 918b is approximately ninety
degrees. In FIGURE 19A, this rotation counteracts the
rotation performed by mobile drive unit 20 at the center
of rotation area 892 and, as mobile drive unit 20 com-
pletes arced segment 918b, the first face of inventory
holder 30 is once again facing the first direction. Mobile
drive unit 20 may then follow another straight path seg-
ment 17 to inventory station 50. As a result, in FIGURE
19A, the first face of inventory holder 30 is presented to
the operator of inventory station 50.
[0221] FIGURE 19B illustrates a similar example in
which the second face is presented to the operator of
inventory station 50. More specifically, in FIGURE 19B,
mobile drive unit 20 follows straight path segment 17a
into cell 14a and follows arced segment 918a into rotation
area 892, as described with respect to FIGURE 19A. Up-
on reaching the center of rotation area 892, however,
mobile drive unit 20 performs a one-hundred-and-eighty-
degree rotation (as indicated by arrow 901b). Mobile
drive unit 20 then follows arced segment 918b into cell
14dd. As a result of the rotation performed at the center
of rotation area 892, a third face of inventory holder 30
(labeled as face "920c" in FIGURE 19B) now faces in the
direction of travel and mobile drive unit 20 holds the ori-
entation of this third face consistent with the direction of
travel as mobile drive unit 20 follows arced segment 17b.
[0222] As mobile drive unit 20 travels arced segment
918b the arced path induces an additional rotation in in-
ventory holder 30 as described with respect to FIGURE
19A. In FIGURE 19B, this rotation partially counteracts
the rotation performed by mobile drive unit 20 at the cent-
er of rotation area 892 and, as mobile drive unit 20 com-
pletes arced segment 17b, the second face of inventory
holder 30 is now facing the first direction. Mobile drive
unit 20 may then follow straight segment 917b to inven-
tory station 50. As a result, in FIGURE 19B, the second
face of inventory holder 30 is presented to the operation
of inventory station 50.
[0223] FIGURE 19C similarly illustrates an example in
which the third side is presented to the operator of inven-
tory station 50. More specifically, in FIGURE 19C, mobile
drive unit 20 follows straight path segment 917a into cell
14aa and follows arced segment 918a into rotation area
892, as described with respect to FIGURES 19A and
19B. Upon reaching the center of rotation area 892, how-
ever, mobile drive unit 20 performs a two-hundred-and-
seventy-degree rotation. Mobile drive unit 20 then follows

arced segment 918b into cell 14dd. As a result of the
rotation performed at the center of rotation area 892, a
fourth face of inventory holder 30 (labeled as face "920e"
in FIGURE 19C) now faces in the direction of travel and
mobile drive unit 20 holds the orientation of this fourth
face consistent with the direction of travel as mobile drive
unit 20 follows arced segment 918b.
[0224] As mobile drive unit 20 travels arced segment
918b the arced path induces an additional rotation in in-
ventory holder 30 as described with respect to FIGURES
19A and 19B. In FIGURE 19C, this rotation partially coun-
teracts the rotation performed by mobile drive unit 20 at
the center of rotation area 892 and, as mobile drive unit
20 completes arced segment 918b, the third face of in-
ventory holder 30 is now facing the first direction. Mobile
drive unit 20 may then follow straight path segment 918b
to inventory station 50. As a result, in FIGURE 19C, the
third face of inventory holder 30 is presented to the op-
erator of inventory station 50.
[0225] FIGURE 19D illustrates an example in which
the fourth side is presented to the operator of inventory
station 50. More specifically, in FIGURE 19D, mobile
drive unit 20 follows straight path segment 917a into cell
14aa and follows arced segment 918a into rotation area
892, as described with respect to FIGURES 19A and
19B. Upon reaching the center of rotation area 892, how-
ever, mobile drive unit 20 performs no rotation in the ex-
ample illustrated by FIGURE 19D. Mobile drive unit 20
follows arced path 918b into cell 14dd. Because no ro-
tation was performed at the center of rotation area 892,
the first face of inventory holder 30 remains facing in the
direction of travel, and mobile drive unit 20 holds the ori-
entation of the first face consistent with the direction of
travel as mobile drive unit 20 follows arced segment
918b.
[0226] As mobile drive unit 20 travels arced segment
918b the arced path induces an additional rotation in in-
ventory holder 30 as described with respect to FIGURES
19A-19C. Consequently, as mobile drive unit 20 com-
pletes arced segment 918b, the fourth face of inventory
holder 30 now faces the first direction. Mobile drive unit
20 may then follow straight path segment 917b to inven-
tory station 50. As a result, in FIGURE 19D, the fourth
face of inventory holder 30 is presented to the operator
of inventory station 50.
[0227] Thus, by performing a selected rotation maneu-
ver (including, in particular circumstances, no rotation)
within rotation area 892, mobile drive unit 20 may be ca-
pable of achieving any desired orientation for inventory
holder 30 upon arriving at inventory station 50. Moreover,
when utilized in examples of inventory system 10 that
limit or prohibit rotations elsewhere in workspace 870,
the inclusion of rotation areas 892 in select places within
workspace 870 allows inventory system 10 to support
the presentation of any face of inventory holders 30 within
a significantly smaller workspace. As a result, the use of
the described rotation maneuvers may provide space-
saving and other advantages.
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[0228] FIGURE 19E illustrates how, mobile drive units
20 can be configured to access rotation areas 892 using
any appropriate combination of neighboring cells 14 as
entry and exit points. As shown in FIGURE 19E, mobile
drive unit 20 may be configured to follow arced segment
918a into rotation area 892, perform an appropriate ro-
tation maneuver, and then follow one of arced segment
918b, arced segment 918c, arced segment 918d, arced
segment 918e, arced segment 918f, arced segment
918g, and arced segment 918h to exit into cell 14bb, cell
14cc, cell 14dd, cell 14ee, cell 14ff, cell 14gg, and cell
14hh, respectively. Additionally, mobile drive unit 20 may
be configured to exit rotation area 892 following the same
path mobile drive unit 20 followed entering rotation area
892, that is arced segment 918a. This is indicated in FIG-
URE 19E by the dotted-line curve labeled 918aa.
[0229] Furthermore, while FIGURE 19E illustrates an
example in which mobile drive unit 20 is configured to
enter rotation area 892 through a particular cell 14, spe-
cifically cell 14aa, the example arced segment 918a in
FIGURE 19E can be generalized to represent an arced
segment 918 entering rotation area 892 from any of
neighboring cells 14aa-dd. As a result, mobile drive units
20 may be configured to enter rotation area 892 from and
exit rotation area 892 to any appropriate cell 14 neigh-
boring rotation area 892. On the other hand, an inventory
system 10 that utilizes rotation areas 892 may also limit
the cells 14 that may be used enter and exit a particular
rotation area 892, for example, to control traffic flow
around rotation area 892. Thus, while inventory system
10 may include a rotation area 892 that mobile drive units
20 are capable of utilizing without constraints as to their
entry and exit points, the same or other inventory system
10 may include rotation areas 892 that mobile drive units
20 are configured to enter or exit using specific neigh-
boring cells 14.
[0230] Thus, to present a desired face in a desired di-
rection and to provide flexibility in choosing entry points
into and exit points out of rotation areas 892, mobile drive
units 20 may enter rotation areas 892 then perform one
or both of a rotation that rotates both mobile drive unit 20
and inventory holder 30 and a rotation that rotates only
mobile drive unit 20, in any appropriate order. This may
result in both mobile drive unit 20 having the appropriate
orientation for mobile drive unit 20 to utilize the desired
exit point from the rotation area 892 and inventory holder
30 having the appropriate orientation to present the de-
sired face in the desired direction after mobile drive unit
20 and inventory holder 30 exit rotation area 892. As a
result, mobile drive unit 20 may be able to utilize any
desired entry and exit points to rotation area 892 and be
able to present any desired face of inventory holder 30
in any desired direction.
[0231] FIGURES 20A-20G illustrate an example of
how mobile drive unit 20 may traverse the portions of
workspace 870 outside designated rotation areas 892
without rotating inventory holders 30. In particular, FIG-
URES 20A-20G show operation of a mobile drive unit 20

as the mobile drive unit 20 moves inventory holder 30
from a first position to a second position along a portion
of a path 16 that includes a ninety-degree turn. Because,
mobile drive unit 20 is able to turn a corner without rotating
inventory holder 30, inventory holder 30 may not overlap
neighboring cells 14 and/or interfere with inventory hold-
ers 30 in neighboring cells 14 when mobile drive unit 20
changes its direction of travel. As a result, inventory sys-
tem 10 may operate with a smaller workspace and thus
mobile drive units 20 configured to operate as shown in
FIGURES 20A-20G may provide space-saving benefits.
[0232] FIGURE 20A shows a starting location of both
mobile drive unit 20i and inventory holder 30i. Initially,
inventory holder 30i is located at a point 910a in the rel-
evant workspace 870, and mobile drive unit 20i is located
at a point 910b. As shown by FIGURE 20B, mobile drive
unit 20i moves to the location of inventory holder 30i at
point 910a. At this point, mobile drive unit 20i has yet to
dock with inventory holder 30i.
[0233] In the illustrated example, mobile drive unit 20i
is configured to dock with inventory holder 30i by posi-
tioning itself underneath inventory holder 30i and raising
a docking head of mobile drive unit 20i. Thus, as indicated
by the outline of docking head 110, FIGURE 20C illus-
trates mobile drive unit 20 docking with inventory holder
30i. Mobile drive unit 20i then propels itself and inventory
holder 30i in a first direction to point 910b as shown in
FIGURE 20D.
[0234] At point 910b, mobile drive unit 20 rotates from
the first direction to a second direction, as shown in FIG-
URE 20E. As indicated by the outline of docking head
110, mobile drive unit 20, in the illustrated example, re-
mains docked with inventory holder 30 throughout the
rotation. For example, mobile drive unit 20i may, after
docking with inventory holder 30i, transport inventory
holder 30i with a rotation lock engaged that prevents mo-
bile drive unit 20 from rotating independently from inven-
tory holder 30i. In such examples, when mobile drive unit
20i attempts to turn a corner, mobile drive unit 20i, mobile
drive unit 20i may release the rotation lock, allowing the
remainder of mobile drive unit 20 to rotate independently
from docking head 110. Thus, mobile drive unit 20 may
be able to rotate while docked with inventory holder 30
but without rotating inventory holder 30.
[0235] After rotating, mobile drive unit 20i propels mo-
bile drive unit 20i and inventory holder 30i in the second
direction. As a result, mobile drive unit 20 moves to point
910c as shown in FIGURE 20F. Depending on the task
mobile drive unit 20i is completing, mobile drive unit 20
may then undock from inventory holder 30i, rotate inven-
tory holder 30i in a designated rotation area 892 for pres-
entation of a particular face, and/or perform any other
appropriate actions to complete its assigned task.
[0236] Although the present invention has been de-
scribed with several embodiments, a myriad of changes,
variations, alterations, transformations, and modifica-
tions may be suggested to one skilled in the art, and it is
intended that the present invention encompass such
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changes, variations, alterations, transformations, and
modifications as fall within the scope of the appended
claims.

Claims

1. An automated inventory system (10) for transporting
inventory items, comprising:

a self-powered mobile drive unit (20) operable
to:

receive a route response (24) identifying a
path (16) between a first point and a second
point, wherein:

the path (16) comprises at least an in-
itial segment (17) and one or more ad-
ditional segments (17);
the initial segment (17) includes a por-
tion of the path (16) adjacent to the first
point; and
at least one of the additional segments
(17) includes a portion of the path (16)
adjacent to the second point;

store the path (16);
transmit a reservation request to reserve
the initial segment (17) of the path (16);
receive a reservation response indicating
that the initial segment has been reserved;
move away from the first point along the in-
itial segment (17) in response to reserving
the initial segment;
after initiating movement along the initial
segment (17), reserve each of the additional
segments (17) of the path (16) through suc-
cessive transmissions of reservation re-
quests after initiating movement along a re-
served segment; and
in response to reserving each segment,
move toward the second point along each
of the additional segments (17) while that
segment (17) is reserved;

a route planning module (94) operable to trans-
mit the route response (24) to the mobile drive
unit (20), wherein the route response (24) de-
fines the path (16) in a workspace (70) between
the first point and the second point;
a segment reservation module (96) operable to:

receive the reservation request (26) from
the mobile drive unit (20), the reservation
request (26) identifying a requested seg-
ment (17) to be reserved;
in response to receiving the reservation re-

quest (26), determine whether the request-
ed segment (17) is available to be reserved
for the requesting mobile drive unit (20) to
avoid collisions with other mobile drive units
(20) while moving across the reserved seg-
ment; and
transmit a reservation response (28) to the
requesting mobile drive unit (20), wherein
the reservation response (28) indicates
whether the requested segment (17) has
been reserved,

wherein the mobile drive unit is configured to:

transmit a reservation request to the seg-
ment reservation module (96) for each of
the additional segments while moving along
the reserved segment when the mobile
drive unit determines that there is less than
a predetermined portion of the reserved
segment left to complete and an additional
segment in the path remains to be complet-
ed;
move along the reserved segment and the
additional segment if the additional seg-
ment is successfully reserved;
attempt to reserve the additional segment
again while moving along the reserved seg-
ment after a predetermined amount of time
if the additional segment is not reserved;
and
if the additional segment is not reserved be-
fore the mobile drive unit reaches the end
of the reserved segment, pause at the end
of the reserved segment until the additional
segment is reserved or an alternative path
is obtained.

2. The automated inventory system (10) of Claim 1,
further comprising:

a route planning module (94) operable to:

generate a path (16) between a first point
and a second point, wherein:

the path (16) comprises an initial seg-
ment (17) and one or more additional
segments (17);
the initial segment (17) includes a por-
tion of the path (16) adjacent to the first
point; and
at least one of the additional segments
(17) includes a portion of the path (16)
adjacent to the second point;

store the path (16);
transmit a route response (24) defining the
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initial segment (17) to the mobile drive unit
(20);
receive one or more subsequent requests
(26) from the mobile drive unit (20); and
in response to each of the one or more sub-
sequent requests (22) from the mobile drive
unit (20), transmit an additional route re-
sponse (24) defining an additional segment
(17) of the path (16).

3. The automated inventory system (10) of Claim 2,
wherein the route planning module (94) is further op-
erable to:

in response to the mobile drive unit (20) request-
ing the next segment (17), decide whether to
generate a new path (16) for the mobile drive
unit (20);
in response to deciding not to generate a new
path (16), transmit a second segment (17) of the
first path (16); and
in response to deciding to generate a new path
(16):

generate a second path (16) between a cur-
rent location of the mobile drive unit (20)
and the second point; and
transmit information identifying an initial
segment (17) of the second path (16) to the
mobile drive unit (20).

4. The automated inventory system (10) of Claim 3,
wherein the route planning module (94) is operable
to generate the second path (16) based on an algo-
rithm that uses the first path (16) as an input; and/or
wherein the route planning module (94) is further op-
erable to:

detect a change in a state of an inventory system
(10) associated with the mobile drive unit (20);
and
decide whether to generate a new path (16) for
the mobile drive unit (20) based on the detected
change, and/or
wherein the route planning module (94) is oper-
able to detect a change in the state of the inven-
tory system (10) by detecting a change in a traffic
level associated with the inventory system (10),
and/or by receiving information indicating a lo-
cation of an obstacle in a workspace (70) asso-
ciated with the inventory system (10).

5. The system (10) according to Claim 1, wherein the
segment reservation module (96) is operable to de-
termine whether to reserve at least the requested
segment (17) by:

determining a modified segment (17) to reserve

based on the requested segment (17) and an
error margin to account for potential uncertain-
ties or errors in a calculated position of the mo-
bile drive unit (20); and
deciding whether to reserve the modified seg-
ment (17) for the requesting mobile drive unit
(20); and/or
wherein the segment reservation module (96) is
operable to determine a modified segment (17)
that comprises the requested segment (17) and
a cell adjacent to the requested segment (17).

6. The system (10) according Claim 1 or Claim 5,
wherein the mobile drive unit (20) comprises a first
mobile drive unit (20), and wherein the segment res-
ervation module (96) is further operable to:

determine a reservation type requested for at
least a first portion of the requested segment
(17);
in response to determining that a rotation reser-
vation is requested for the first portion of the re-
quested segment (17):

grant a rotation reservation request (26) re-
ceived from a second mobile drive unit (20)
requesting a reservation of the first portion
to allow the second mobile drive unit (20) to
rotate an inventory holder (30) in an area
adjacent to the first portion; and
deny any other type of reservation requests
(26) for the first portion while the first mobile
drive unit (20) has the first portion reserved;
and/or

wherein the mobile drive unit (20)is further op-
erable to release the reservation of the initial
segment (17) after moving across the initial seg-
ment (17); and/or
wherein the mobile drive unit (20) is further op-
erable to release a portion of the initial segment
(17) after moving across the portion, wherein
the portion is less than an entirety of the initial
segment (17) and/or
wherein the segment reservation module (96) is
further operable to:

determine a state of the mobile drive unit
(20); and
decide whether to release the reservation
of the initial segment (17) based on the state
of the mobile drive unit (20); and/or

wherein the mobile drive unit (20) is operable to
move along the initial segment (17) by:

docking with the inventory holder (30); and
moving the inventory holder (30) along the
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initial segment (17) after docking with the
inventory holder (30); and/or

wherein the mobile drive unit (20) is operable to
move along a final segment (17) of the one or
more additional segments (17) by:

moving the inventory holder (30) along the
final segment (17) to the second point;
undocking from the inventory holder (30);
and
moving away from the inventory holder (30).

7. A method of operation for a self-powered mobile
drive unit (20) within a workspace (70) of an auto-
mated inventory system, comprising;
receiving at a mobile drive unit (20) a path (16) be-
tween a first point and a second point, wherein:

the path (16) comprises an initial segment (17)
and one or more additional segments (17);
the initial segment (17) includes a portion of the
path (16) adjacent to the first point; and
at least one of the additional segments (17) in-
cludes a portion of the path (16) adjacent to the
second point;

storing the path (16) at the mobile drive unit (20);
reserving by the mobile drive unit (20) the initial seg-
ment (17) of the path (16) by transmitting a reserva-
tion request identifying the initial segment and re-
ceiving a reservation response indicating that the in-
itial segment has been reserved for the mobile drive
unit;
moving by the mobile drive unit (20) away from the
first point along the initial segment (17);
after initiating movement along the initial segment
(17), reserving by the mobile drive unit (20) each of
the additional segments (17) of the path (16) by
transmitting a reservation request identifying the ad-
ditional segments and receiving a reservation re-
sponse indicating that the additional segments have
been reserved for the mobile drive unit; and
moving by the mobile drive unit (20) toward the sec-
ond point along each of the additional segments (17)
while that segment (17) is reserved,
wherein a route planning module (94) transmits the
route response (24) to the mobile drive unit (20), the
route response (24) defining the path (16) in a work-
space (70) between the first point and the second
point,
a segment reservation module (96) receives the res-
ervation request (26) from the mobile drive unit (20),
the reservation request (26) identifying a requested
segment (17) to be reserved and, in response to re-
ceiving the reservation request (26), the segment
reservation module (96) determines whether the re-
quested segment (17) is available to be reserved for

the requesting mobile drive unit (20) to avoid colli-
sions with other mobile drive units (20) while moving
across the reserved segment and transmits a reser-
vation response (28) to the requesting mobile drive
unit (20), the reservation response (28) indicating
whether the requested segment (17) has been re-
served,
wherein the mobile drive unit:

transmits a reservation request to the segment
reservation module (96) for each of the addition-
al segments while moving along the reserved
segment when the mobile drive unit determines
that there is less than a predetermined portion
of the reserved segment left to complete and an
additional segment in the path remains to be
completed;
moves along the reserved segment and the ad-
ditional segment if the additional segment is suc-
cessfully reserved;
attempts to reserve the additional segment
again while moving along the reserved segment
after a predetermined amount of time if the ad-
ditional segment is not reserved; and
if the additional segment is not reserved before
the mobile drive unit reaches the end of the re-
served segment, pauses at the end of the re-
served segment until the additional segment is
reserved or an alternative path is obtained.

8. The method according to Claim 7, wherein determin-
ing whether to reserve at least the requested seg-
ment (17) includes:

determining a modified segment (17) to reserve
based on the requested segment (17) and an
error margin to account for potential uncertain-
ties or errors in a calculated position of the mo-
bile drive unit (20); and
deciding whether to reserve the modified seg-
ment (17) for the requesting mobile drive unit
(20); and/or
wherein the segment reservation module (96) is
operable to determine a modified segment (17)
that comprises the requested segment (17) and
a cell adjacent to the requested segment (17).

9. The method according to any one of the preceding
Claims 7 or 8, further comprising:

determining a reservation type requested for at
least a first portion of the requested segment
(17);
in response to determining that a rotation reser-
vation is requested for the first portion of the re-
quested segment (17):

grant a rotation reservation request (26) re-
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ceived from a second mobile drive unit (20)
requesting a reservation of the first portion
to allow the second mobile drive unit (20) to
rotate an inventory holder (30) in an area
adjacent to the first portion; and
deny any other type of reservation requests
(26) for the first portion while the first mobile
drive unit (20) has the first portion reserved;
and/or

wherein the mobile drive unit (20) is further op-
erable to release the reservation of the initial
segment (17) after moving across the initial seg-
ment (17); and/or
wherein the mobile drive unit (20) is further op-
erable to release a portion of the initial segment
(17) after moving across the portion, wherein
the portion is less than an entirety of the initial
segment (17) and/or
further comprising:

determine a state of the mobile drive unit
(20); and
decide whether to release the reservation
of the initial segment (17) based on the state
of the mobile drive unit (20); and/or

wherein the mobile drive unit (20) is operable to
move along the initial segment (17) by:

docking with the inventory holder (30); and
moving the inventory holder (30) along the
initial segment (17) after docking with the
inventory holder (30); and/or

wherein the mobile drive unit (20) is operable to
move along a final segment (17) of the one or
more additional segments (17) by:

moving the inventory holder (30) along the
final segment (17) to the second point;
undocking from the inventory holder (30);
and
moving away from the inventory holder (30).

10. The method according to any one of the preceding
Claims 7 to 9, further comprising:

generating a first path (16) between a first point
and a second point, wherein the first path (16)
comprises a plurality of segments (17);
transmitting information to the mobile drive unit
(20) that specifies an initial segment (17) of the
first path (16);
receiving a request (26) for a next segment (17)
from the mobile drive unit (20);
in response to receiving the request (26) for the
next segment (17), deciding whether to gener-

ate a new path (16) for the mobile drive unit (20);
in response to deciding not to generate a new
path (16), transmitting a second segment (17)
of the first path (16); and
in response to deciding to generate a new path
(16):

generating a second path (16) between a
current location of the mobile drive unit (20)
and the second point; and
transmitting information identifying an initial
segment (17) of the second path (16) to the
mobile drive unit (20).

11. The method of Claim 10, wherein generating the sec-
ond path (16) comprises generating a second path
(16) based on an algorithm that uses the first path
(16) as an input; and/or
the method further comprising:

detecting a change in a state of an inventory
system (10) associated with the mobile drive unit
(20); and
deciding whether to generate a new path (16)
for the mobile drive unit (20) based on the de-
tected change, preferably
wherein detecting a change in the state of the
inventory system (10) comprises detecting a
change in a traffic level associated with the in-
ventory system (10), and/or receiving informa-
tion indicating a location of an obstacle in a work-
space (70) associated with the inventory system
(10); and/or
wherein reserving the initial segment (17) of the
first path (16) comprises transmitting a reserva-
tion request (26) from the mobile drive unit (20)
to a segment reservation module (96) wherein
the reservation request (26) identifies the initial
segment (17), and further comprising:

receiving, at the segment reservation mod-
ule (96), the reservation request (26);
in response to receiving the reservation re-
quest (26), deciding whether to reserve at
least the requested segment (17) for the re-
questing mobile drive unit (20); and
transmitting a reservation response (28)
from the segment reservation module (96)
to the requesting mobile drive unit (20),
wherein the reservation response (28) indi-
cates whether the requested segment (17)
has been reserved.

Patentansprüche

1. Ein automatisiertes Warensystem (10) zum Trans-
port von Inventarstücken, bestehend aus:
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einer Mobilantriebseinheit (20) mit eigener
Stromquelle, die funktionsbereit ist für:

den Empfang einer Routen-Antwort (24) zur
Identifizierung eines Pfades (16) zwischen
einem ersten Punkt und einem zweiten
Punkt, wobei:

der Pfad (16) mindestens ein Anfangs-
segment (17) und ein oder mehrere zu-
sätzliche Segmente (17) umfasst;
das Anfangssegment (17) einen Teil
des Pfades (16) am ersten Punkt ein-
schließt; und
mindestens eines der zusätzlichen
Segmente (17) einen Teil des Pfades
(16) am zweiten Punkt einschließt;
die Speicherung des Pfades (16);
die Übermittlung einer Reservierungs-
Anforderung, um das Anfangssegment
(17) des Pfades (16) zu reservieren;
den Empfang einer Reservierungs-
Antwort, die angibt, dass das Anfangs-
segment reserviert wurde;
die Bewegung weg vom ersten Punkt
entlang des Anfangssegments (17), als
Antwort auf die Reservierung des An-
fangssegments;
nach Einleitung der Bewegung entlang
des Anfangssegments (17), Reservie-
rung jedes zusätzlichen Segments (17)
des Pfades (16) durch sukzessive
Übertragungen von Reservierungs-
Anforderungen, nach Einleitung der
Bewegung entlang eines reservierten
Segments; und
als Antwort auf die Reservierung jedes
Segments, die Bewegung zum zweiten
Punkt entlang jedes zusätzlichen Seg-
ments (17), während dieses Segment
(17) reserviert ist;
einem Routenplanungsmodul (94), das
in der Lage ist, die Routen-Antwort (24)
an die Mobilantriebseinheit (20) zu
übertragen, wobei die Routen-Antwort
(24) den Pfad (16) in einem Arbeitsbe-
reich (70) zwischen dem ersten Punkt
und dem zweiten Punkt definiert;
einem Segment-Reservierungsmodul
(96), das funktionsbereit ist für:

den Empfang der Reservierungs-
Anforderung (26) von der Mobilan-
triebseinheit (20), die Reservie-
rungs-Anforderung (26) erkennt
dabei ein angefordertes Segment
(17), das reserviert werden soll;
als Antwort auf den Empfang der

Reservierungs-Anforderung (26),
die Festlegung, ob das angefor-
derte Segment (17) für die Reser-
vierung der angeforderten Mobil-
antriebseinheit (20) verfügbar ist,
um Kollisionen mit anderen Mobil-
antriebseinheiten (20) zu verhin-
dern, wenn sie sich durch das re-
servierte Segment bewegen; und
die Übertragung einer Reservie-
rungs-Antwort (28) an die anfor-
dernde Mobilantriebseinheit (20),
wobei die Reservierungs-Antwort
(28) angibt, ob das angeforderte
Segment (17) reserviert wurde,
wobei die Mobilantriebseinheit so
gestaltet ist, dass:

sie eine Reservierungs-Anfor-
derung an das Segment-Re-
servierungsmodul (96) für je-
des zusätzliche Segment
übertragen kann, während sie
sich entlang des reservierten
Segments bewegt, wenn die
Mobilantriebseinheit erkennt,
dass weniger als ein vorher
festgelegter Teil des reservier-
ten Segments noch zu vervoll-
ständigen ist, und ein zusätz-
liches Segment im Pfad noch
zu vervollständigen ist;
sich entlang des reservierten
Segments und des zusätzli-
chen Segments bewegen
kann, wenn das zusätzliche
Segment erfolgreich reser-
viert wurde;
sie versucht, das zusätzliche
Segment, während sie sich
entlang des reservierten Seg-
ments bewegt, nach einer vor-
her festgelegten Zeitspanne
erneut zu reservieren, wenn
das zusätzliche Segment nicht
reserviert ist; und
wenn das zusätzliche Seg-
ment nicht reserviert ist, bevor
die Mobilantriebseinheit das
Ende des reservierten Seg-
ments erreicht, sie am Ende
des reservierten Segments
stoppt bis das zusätzliche
Segment reserviert ist oder ein
alternativer Pfad festgelegt
wurde.

2. Das automatisierte Warensystem (10) in Anspruch
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1, darüberhinaus bestehend aus:

einem Routenplanungsmodul (94), das funkti-
onsbereit ist für:

die Erzeugung eines Pfades (16) zwischen
einem ersten Punkt und einem zweiten
Punkt, wobei:

der Pfad (16) ein Anfangssegment (17)
und ein oder mehrere zusätzliche Seg-
mente (17) umfasst;
das Anfangssegment (17) einen Teil
des Pfades (16) am ersten Punkt ein-
schließt; und
mindestens eines der zusätzlichen
Segmente (17) einen Teil des Pfades
(16) am zweiten Punkt einschließt;
die Speicherung des Pfads (16);
die Übertragung an die Mobilantriebs-
einheit (20) einer Routen-Antwort (24),
die das Anfangssegment (17) definiert;
den Empfang einer oder mehrerer
nachfolgender Anforderungen (26) von
der Mobilantriebseinheit (20); und
als Antwort auf jede der einen oder
mehreren nachfolgenden Anforderun-
gen (22) von der Mobilantriebseinheit
(20), die Übertragung einer zusätzli-
chen Routen-Antwort (24), die ein zu-
sätzliches Segment (17) des Pfades
(16) definiert.

3. Das automatisierte Warensystem (10) in Anspruch
2, wobei das Routenplanungsmodul (94) darüber-
hinaus funktionsbereit ist für:

als Antwort auf die Anforderung des nächsten
Segments (17) durch die Mobilantriebseinheit
(20), die Entscheidung, ob ein neuer Pfad (16)
für die Mobilantriebseinheit (20) erzeugt werden
soll;
als Antwort auf die Entscheidung, keinen neuen
Pfad (16) zu erzeugen, die Übertragung eines
zweiten Segments (17) des ersten Pfads (16);
und
als Antwort auf die Entscheidung, einen neuen
Pfad (16) zu erzeugen:

die Erzeugung eines zweiten Pfads (16)
zwischen einem aktuellen Standort der Mo-
bilantriebseinheit (20) und dem zweiten
Punkt; und
die Informationsübertragung zur Ermittlung
eines Anfangssegments (17) des zweiten
Pfads (16) an die Mobilantriebseinheit (20).

4. Das automatisierte Warensystem (10) in Anspruch

3, wobei das Routenplanungsmodul (94) den zwei-
ten Pfad (16) auf Grundlage eines Algorithmus, der
den ersten Pfad (16) als Eingabe nutzt, erzeugen
kann; und/oder
wobei das Routenplanungsmodul (94) darüberhin-
aus funktionsbereit ist für:

die Ermittlung einer Zustandsveränderung in ei-
nem Warensystem (10), das mit der Mobilan-
triebseinheit (20) verbunden ist; und
die Entscheidung, ob ein neuer Pfad (16) für die
Mobilantriebseinheit (20) auf Grundlage der er-
kannten Veränderung, erzeugt werden soll,
und/oder
wobei das Routenplanungsmodul (94) eine Ver-
änderung im Zustand des Warensystems (10)
feststellen kann, indem es eine Veränderung in
einer Traffic-Ebene, die mit dem Warensystem
(10) verbunden ist, ermittelt, und/oder indem es
Informationen empfängt, die den Standort eines
Hindernisses in einem Arbeitsbereich (70), der
mit dem Warensystem (10) verbunden ist, an-
geben.

5. Das System (10) gemäß Anspruch 1, wobei das Seg-
mentreservierungsmodul (96) in der Lage ist, fest-
zustellen, ob mindestens das angeforderte Segment
(17) reserviert werden muss, durch:

die Bestimmung eines zu reservierenden modi-
fizierten Segments (17), auf Grundlage des an-
geforderten Segments (17), und einer Fehler-
spanne, um mögliche Unsicherheiten oder Feh-
ler in einer berechneten Position der Mobilan-
triebseinheit (20) zu berücksichtigen; und
die Entscheidung, ob das modifizierte Segment
(17) für die anfordernde Mobilantriebseinheit
(20) reserviert werden soll; und/oder
wobei das Segmentreservierungsmodul (96) in
der Lage ist, ein modifiziertes Segment (17) zu
bestimmen, das das angeforderte Segment (17)
und eine Zelle umfasst, die dem angeforderten
Segment (17) benachbart ist.

6. Das System (10) gemäß Anspruch 1 oder Anspruch
5, wobei die Mobilantriebseinheit (20) eine erste Mo-
bilantriebseinheit (20) umfasst, und wobei das Seg-
mentreservierungsmodul (96) darüberhinaus funkti-
onsbereit ist für:

die Festlegung eines Reservierungstyps, der für
mindestens einen ersten Teil des angeforderten
Segments (17) angefordert wird;
als Antwort auf die Festlegung, dass eine Rota-
tionsreservierung für den ersten Teil des ange-
forderten Segments (17) angefordert wird:

die Bewilligung einer Rotationsreservie-
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rungs-Anforderung (26), die von einer zwei-
ten Mobilantriebseinheit (20) empfangen
wird, mit der eine Reservierung des ersten
Teils angefordert wird, damit die zweite Mo-
bilantriebseinheit (20) einen Inventarhalter
(30) in einem Bereich neben dem ersten Teil
drehen kann; und
die Ablehnung jedes anderen Typs von Re-
servierungs-Anforderungen (26) für den
ersten Teil, wenn die erste Mobilantriebs-
einheit (20) den ersten Teil reserviert hat;
und/oder
wobei die Mobilantriebseinheit (20) darü-
berhinaus die Reservierung des Anfangs-
segments (17) nach der Bewegung durch
das Anfangssegment (17) aufheben kann;
und/oder
wobei die Mobilantriebseinheit (20) darü-
berhinaus einen Teil des Anfangssegments
(17), nach der Bewegung durch den Teil,
aufheben kann, wobei der Teil kleiner ist als
die Gesamtheit des Anfangssegments (17)
und/oder
wobei das Segmentreservierungsmodul
(96) darüberhinaus funktionsbereit ist für:

die Festlegung eines Zustands der Mo-
bilantriebseinheit (20); und
die Entscheidung, ob die Reservierung
des Anfangssegments (17), auf Grund-
lage des Zustandes der Mobilantriebs-
einheit (20), aufgehoben werden soll;
und/oder
wobei sich die Mobilantriebseinheit
(20) entlang des Anfangssegments
(17) bewegen kann, durch:

Andocken an den Inventarhalter
(30); und
Bewegen des Inventarhalters (30)
entlang des Anfangssegments
(17) nach dem Andocken an den
Inventarhalter (30); und/oder
wobei sich die Mobilantriebsein-
heit (20) entlang des Endsegments
(17) des einen oder der mehreren
zusätzlichen Segmente (17) bewe-
gen kann, durch:

Bewegen des Inventarhalters
(30) entlang des Endseg-
ments (17) zum zweiten
Punkt;
Abkoppeln vom Inventarhalter
(30); und
Wegbewegen vom Inventar-
halter (30).

7. Ein Verfahren zum Betrieb einer Mobilantriebsein-
heit (20) mit eigener Stromversorgung, innerhalb ei-
nes Arbeitsbereiches (70) eines automatisierten
Warensystems, bestehend aus:

dem Empfang eines Pfades (16) an einer Mobi-
lantriebseinheit (20) zwischen einem ersten
Punkt und einem zweiten Punkt, wobei:

der Pfad (16) mindestens ein Anfangsseg-
ment (17) und ein oder mehrere zusätzliche
Segmente (17) umfasst;
das Anfangssegment (17) einen Teil des
Pfades (16) am ersten Punkt einschließt;
und
mindestens eines der zusätzlichen Seg-
mente (17) einen Teil des Pfades (16) am
zweiten Punkt einschließt;
der Speicherung des Pfades (16) in der Mo-
bilantriebseinheit (20);
der Reservierung durch die Mobilantriebs-
einheit (20) des Anfangssegments (17) des
Pfades (16) durch Übertragung einer Re-
servierungs-Anforderung, die Ermittlung
des Anfangssegments und Empfang einer
Reservierungs-Antwort, die angibt, dass
das Anfangssegment für die Mobilantriebs-
einheit reserviert wurde;
der Bewegung durch die Mobilantriebsein-
heit (20) weg vom ersten Punkt entlang des
Anfangssegments (17);
nach Einleitung der Bewegung entlang des
Anfangssegments (17), Reservierung
durch die Mobilantriebseinheit (20) jedes
der zusätzlichen Segmente (17) des Pfades
(16) durch Übertragung einer Reservie-
rungs-Anforderung, die Identifizierung der
zusätzlichen Segmente und den Empfang
einer Reservierungs-Antwort, die angibt,
dass die zusätzlichen Segmente für die Mo-
bilantriebseinheit reserviert wurden; und
die Bewegung der Mobilantriebseinheit (20)
zum zweiten Punkt entlang jedes zusätzli-
chen Segments (17), während dieses Seg-
ment (17) reserviert ist;
wobei ein Routenplanungsmodul (94) die
Routen-Antwort (24) an die Mobilantriebs-
einheit (20) überträgt und die Routen-Ant-
wort (24) den Pfad (16) in einem Arbeitsbe-
reich (70) zwischen dem ersten Punkt und
dem zweiten Punkt definiert;
ein Segmentreservierungsmodul (96) emp-
fängt die Reservierungs-Anforderung (26)
von der Mobilantriebseinheit (20), die Re-
servierungs-Anforderung (26) ermittelt da-
bei ein angefordertes Segment (17), das re-
serviert werden soll, und, als Antwort auf
den Empfang der Reservierungs-Anforde-
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rung (26), bestimmt das Segmentreservie-
rungsmodul (96), ob das angeforderte Seg-
ment (17) für die Reservierung der anfor-
dernden Mobilantriebseinheit (20) verfüg-
bar ist, um Kollisionen mit anderen Mobil-
antriebseinheiten (20) zu verhindern, wäh-
rend sie sich durch das reservierte Segment
bewegt, und es überträgt eine Reservie-
rungs-Antwort (28) an die anfordernde Mo-
bilantriebseinheit (20), die Reservierungs-
Antwort (28) gibt dabei an, ob das angefor-
derte Segment (17) reserviert wurde,
wobei die Mobilantriebseinheit:

eine Reservierungs-Anforderung an
das Segmentreservierungsmodul (96)
für jedes zusätzliche Segment über-
trägt, während sie sich entlang des re-
servierten Segments bewegt, wenn die
Mobilantriebseinheit erkennt, dass we-
niger als ein vorher festgelegter Teil
des reservierten Segments noch zu
vervollständigen ist, und ein zusätzli-
ches Segment im Pfad noch zu vervoll-
ständigen ist;
sich entlang des reservierten Seg-
ments und des zusätzlichen Segments
bewegt, wenn das zusätzliche Seg-
ment erfolgreich reserviert wurde;
versucht, das zusätzliche Segment,
während sie sich entlang des reservier-
ten Segments bewegt, nach einer vor-
her festgelegten Zeitspanne erneut zu
reservieren, wenn das zusätzliche
Segment nicht reserviert ist; und
wenn das zusätzliche Segment nicht
reserviert ist, bevor die Mobilantriebs-
einheit das Ende des reservierten Seg-
ments erreicht, am Ende des reservier-
ten Segments stoppt bis das zusätzli-
che Segment reserviert ist oder ein al-
ternativer Pfad festgelegt wurde.

8. Das Verfahren gemäß Anspruch 7, wobei die Fest-
legung, ob mindestens das angeforderte Segment
(17) reserviert werden soll, Folgendes einschließt:

die Bestimmung eines zu reservierenden modi-
fizierten Segments (17), auf Grundlage des an-
geforderten Segments (17), und einer Fehler-
spanne, um mögliche Unsicherheiten oder Feh-
ler in einer berechneten Position der Mobilan-
triebseinheit (20) zu berücksichtigen; und
die Entscheidung, ob das modifizierte Segment
(17) für die anfordernde Mobilantriebseinheit
(20) reserviert werden soll; und/oder
wobei das Segmentreservierungsmodul (96) in
der Lage ist, ein modifiziertes Segment (17) zu

bestimmen, das das angeforderte Segment (17)
und eine Zelle umfasst, die dem angeforderten
Segment (17) benachbart ist.

9. Das Verfahren gemäß eines der vorhergehenden
Ansprüche 7 oder 8, darüberhinaus bestehend aus:

der Festlegung eines Reservierungstyps, der für
mindestens einen ersten Teil des angeforderten
Segments (17) angefordert wird;
als Antwort auf die Festlegung, dass eine Rota-
tionsreservierung für den ersten Teil des ange-
forderten Segments (17) angefordert wird:

die Bewilligung einer Rotationsreservie-
rungs-Anforderung (26), die von einer zwei-
ten Mobilantriebseinheit (20) empfangen
wird, mit der eine Reservierung des ersten
Teils angefordert wird, damit die zweite Mo-
bilantriebseinheit (20) einen Inventarhalter
(30) in einem Bereich neben dem ersten Teil
drehen kann; und
die Ablehnung jedes anderen Typs von Re-
servierungs-Anforderungen (26) für den
ersten Teil, wenn die erste Mobilantriebs-
einheit (20) den ersten Teil reserviert hat;
und/oder
wobei die Mobilantriebseinheit (20) darü-
berhinaus die Reservierung des Anfangs-
segments (17) nach der Bewegung durch
das Anfangssegment (17) aufheben kann;
und/oder
wobei die Mobilantriebseinheit (20) darü-
berhinaus einen Teil des Anfangssegments
(17), nach der Bewegung durch den Teil,
aufheben kann, wobei der Teil kleiner ist als
die Gesamtheit des Anfangssegments (17)
und/oder darüberhinaus bestehend aus:

der Festlegung eines Zustands der Mo-
bilantriebseinheit (20); und
der Entscheidung, ob die Reservierung
des Anfangssegments (17), auf Grund-
lage des Zustands der Mobilantriebs-
einheit (20), aufgehoben werden soll;
und/oder
wobei sich die Mobilantriebseinheit
(20) entlang des Anfangssegments
(17) bewegen kann, durch:

Andocken an den Inventarhalter
(30); und
Bewegen des Inventarhalters (30)
entlang des Anfangssegments
(17) nach dem Andocken an den
Inventarhalter (30); und/oder
wobei sich die Mobilantriebsein-
heit (20) entlang des Endsegments
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(17) des einen oder der mehreren
zusätzlichen Segmente (17) bewe-
gen kann, durch:

Bewegen des Inventarhalters
(30) entlang des Endseg-
ments (17) zum zweiten
Punkt;
Abkoppeln vom Inventarhalter
(30); und
Wegbewegen vom Inventar-
halter (30).

10. Das Verfahren gemäß eines der vorhergehenden
Ansprüche 7 bis 9, darüberhinaus bestehend aus:

der Erzeugung eines ersten Pfads (16) zwi-
schen einem ersten Punkt und einem zweiten
Punkt, wobei der erste Pfad (16) eine Vielzahl
von Segmenten (17) umfasst;
der Informationsübertragung an die Mobilan-
triebseinheit (20), die ein Anfangssegment (17)
des ersten Pfads (16) spezifiziert.
dem Empfang einer Anforderung (26) für ein
nächstes Segment (17) von der Mobilantriebs-
einheit (20);
als Antwort auf den Empfang der Anforderung
(26) für das nächste Segment (17), die Entschei-
dung, ob ein neuer Pfad (16) für die Mobilan-
triebseinheit (20) erzeugt werden soll;
als Antwort auf die Entscheidung, keinen neuen
Pfad (16) zu erzeugen, die Übertragung eines
zweiten Segments (17) des ersten Pfads (16);
und
als Antwort auf die Entscheidung, einen neuen
Pfad (16) zu erzeugen:

die Erzeugung eines zweiten Pfads (16)
zwischen einem aktuellen Standort der Mo-
bilantriebseinheit (20) und dem zweiten
Punkt; und
die Informationsübertragung zur Ermittlung
eines Anfangssegments (17) des zweiten
Pfads (16) an die Mobilantriebseinheit (20).

11. Das Verfahren in Anspruch 10, wobei die Erzeugung
des zweiten Pfads (16) die Erzeugung eines zweiten
Pfads (16) auf der Grundlage eines Algorithmus um-
fasst, der den ersten Pfad (16) als Eingabe nutzt;
und/oder
das Verfahren darüberhinaus bestehend aus:

der Feststellung einer Änderung im Zustand ei-
nes Inventarsystems (10), das mit der mobilen
Antriebseinheit (20) verbunden ist; und
der Entscheidung, ob ein neuer Pfad (16) für die
mobile Antriebseinheit (20) auf der Grundlage
der festgestellten Änderung erzeugt werden

soll, vorzugsweise
wobei die Feststellung einer Änderung im Zu-
stand des Inventarsystems (10) die Feststellung
einer Änderung auf einer Traffic-Ebene umfasst,
die mit dem Inventarsystem (10) verbunden ist,
und/oder dem Empfang von Informationen, die
den Standort eines Hindernisses in einem Ar-
beitsbereich (70) angeben, der mit dem Inven-
tarsystem (10) verbunden ist; und/oder
wobei die Reservierung des Anfangssegments
(17) des ersten Pfads (16) die Übermittlung ei-
ner Reservierungs-Anforderung (26) von der
mobilen Antriebseinheit (20) an ein Segmentre-
servierungsmodul (96) umfasst, wobei die Re-
servierungs-Anforderung (26) das Anfangsseg-
ment (17) identifiziert, und darüberhinaus beste-
hend aus:

dem Empfang, im Segmentreservierungs-
modul (96), der Reservierungs-Anforde-
rung (26);
als Antwort auf den Empfang der Reservie-
rungs-Anforderung (26), die Entscheidung,
ob mindestens das angeforderte Segment
(17) für die anfordernde mobile Antriebsein-
heit (20) reserviert werden soll; und
der Übermittlung einer Reservierungs-An-
forderung (28) vom Segmentreservierungs-
modul (96) an die anfordernde mobile An-
triebseinheit (20), wobei die Reservierungs-
Antwort (28) angibt, ob das angeforderte
Segment (17) reserviert wurde.

Revendications

1. Un système de gestion de stocks automatisé (10)
destiné au transport d’articles en stock,
comprenant :

une unité d’acheminement mobile auto-alimen-
tée (20) conçue de façon à :

recevoir une réponse d’itinéraire (24) iden-
tifiant un trajet (16) entre un premier point
et un deuxième point, où :

le trajet (16) comprend au moins un
segment initial (17) et un ou plusieurs
segments additionnels (17),
le segment initial (17) comprend une
partie du trajet (16) adjacente au pre-
mier point, et
au moins un des segments additionnels
(17) comprend une partie du trajet (16)
adjacente au deuxième point,
conserver en mémoire le trajet (16),
transmettre une demande de réserva-
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tion destinée à la réservation du seg-
ment initial (17) du trajet (16),
recevoir une réponse de réservation in-
diquant que le segment initial a été ré-
servé,
s’écarter du premier point le long du
segment initial (17) en réponse à la ré-
servation du segment initial,
après l’initiation d’un déplacement le
long du segment initial (17), réserver
chacun des segments additionnels (17)
du trajet (16) par l’intermédiaire de
transmissions successives de deman-
des de réservation après l’initiation d’un
déplacement le long d’un segment ré-
servé, et
en réponse à la réservation de chaque
segment, se déplacer vers le deuxième
point le long de chacun des segments
additionnels (17) pendant que ce seg-
ment (17) est réservé,
un module de planification d’itinéraire
(94) conçu de façon à transmettre la
réponse d’itinéraire (24) à l’unité
d’acheminement mobile (20), où la ré-
ponse d’itinéraire (24) définit le trajet
(16) dans un espace de travail (70) en-
tre le premier point et le deuxième point,
un module de réservation de segment
(96) conçu de façon à :

recevoir la demande de réserva-
tion (26) provenant de l’unité
d’acheminement mobile (20), la
demande de réservation (26) iden-
tifiant un segment demandé (17) à
réserver,
en réponse à la réception de la de-
mande de réservation (26), déter-
miner si le segment demandé (17)
est disponible à la réservation pour
l’unité d’acheminement mobile de-
mandeuse (20) de façon à éviter
des collisions avec d’autres unités
d’acheminement mobiles (20) pen-
dant qu’elles se déplacent le long
du segment réservé, et
transmettre une réponse de réser-
vation (28) à l’unité d’achemine-
ment mobile demandeuse (20), où
la réponse de réservation (28) in-
dique si le segment demandé (17)
a été réservé,
où l’unité d’acheminement mobile
est configurée de façon à :

transmettre une demande de
réservation au module de ré-

servation de segment (96)
pour chacun des segments
additionnels pendant un dé-
placement le long du segment
réservé lorsque l’unité d’ache-
minement mobile détermine
qu’il y a moins qu’une partie
prédéterminée du segment ré-
servé restant à parcourir et
qu’un segment additionnel
dans le trajet reste à parcourir,
se déplacer le long du seg-
ment réservé et du segment
additionnel si le segment ad-
ditionnel a été réservé avec
succès,
tenter de réserver à nouveau
le segment additionnel pen-
dant un déplacement le long
du segment réservé après un
laps de temps prédéterminé si
le segment additionnel n’est
pas réservé, et
si le segment additionnel n’est
pas réservé avant que l’unité
d’acheminement mobile attei-
gne l’extrémité du segment ré-
servé, faire une pause au ni-
veau de l’extrémité du seg-
ment réservé jusqu’à ce que le
segment additionnel soit ré-
servé ou qu’un trajet de re-
change soit obtenu.

2. Le système de gestion de stocks automatisé (10)
selon la Revendication 1, comprenant en outre :

un module de planification d’itinéraire (94) con-
çu de façon à :

générer un trajet (16) entre un premier point
et un deuxième point, où :

le trajet (16) comprend un segment ini-
tial (17) et un ou plusieurs segments
additionnels (17),
le segment initial (17) comprend une
partie du trajet (16) adjacent au premier
point, et
au moins un des segments additionnels
(17) comprend une partie du trajet (16)
adjacent au deuxième point,
conserver en mémoire le trajet (16),
transmettre une réponse d’itinéraire
(24) définissant le segment initial (17)
à l’unité d’acheminement mobile (20),
recevoir une ou plusieurs demandes
subséquentes (26) provenant de l’unité
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d’acheminement mobile (20), et
en réponse à chacune des une ou plu-
sieurs demandes subséquentes (22)
provenant de l’unité d’acheminement
mobile (20), transmettre une réponse
d’itinéraire additionnelle (24) définis-
sant un segment additionnel (17) du
trajet (16).

3. Le système de gestion de stocks automatisé (10)
selon la Revendication 2, où le module de planifica-
tion d’itinéraire (94) est conçu en outre de façon à :

en réponse à la demande par l’unité d’achemi-
nement mobile (20) du segment suivant (17),
décider s’il convient de générer un nouveau tra-
jet (16) pour l’unité d’acheminement mobile (20),
en réponse à la décision de ne pas générer un
nouveau trajet (16), transmettre un deuxième
segment (17) du premier trajet (16), et
en réponse à la décision de générer un nouveau
trajet (16):

générer un deuxième trajet (16) entre un
emplacement actuel de l’unité d’achemine-
ment mobile (20) et le deuxième point, et
transmettre des informations identifiant un
segment initial (17) du deuxième trajet (16)
à l’unité d’acheminement mobile (20).

4. Le système de gestion de stocks automatisé (10)
selon la Revendication 3, où le module de planifica-
tion d’itinéraire (94) est conçu de façon à générer le
deuxième trajet (16) en fonction d’un algorithme qui
utilise le premier trajet (16) en tant qu’entrée, et/ou
où le module de planification d’itinéraire (94) est con-
çu en outre de façon à :

détecter une modification dans un état d’un sys-
tème de gestion de stocks (10) associé à l’unité
d’acheminement mobile (20), et
décider s’il convient de générer un nouveau tra-
jet (16) pour l’unité d’acheminement mobile (20)
en fonction de la modification détectée, et/ou
où le module de planification d’itinéraire (94) est
conçu de façon à détecter une modification dans
l’état du système de gestion de stocks (10) par
la détection d’une modification dans un niveau
de trafic associé au système de gestion de
stocks (10), et/ou par la réception d’informations
indiquant un emplacement d’un obstacle dans
un espace de travail (70) associé au système
de gestion de stocks (10).

5. Le système (10) selon la Revendication 1, où le mo-
dule de réservation de segment (96) est conçu de
façon à déterminer s’il convient de réserver au moins
le segment demandé (17) par:

la détermination d’un segment modifié (17) à ré-
server en fonction du segment demandé (17) et
d’une marge d’erreur destinée à prendre en
compte des erreurs ou des incertitudes poten-
tielles dans une position calculée de l’unité
d’acheminement mobile (20), et
la décision s’il convient de réserver le segment
modifié (17) pour l’unité d’acheminement mobile
demandeuse (20), et/ou
où le module de réservation de segment (96)
est conçu de façon à déterminer un segment
modifié (17) qui comprend le segment demandé
(17) et une cellule adjacente au segment de-
mandé (17).

6. Le système (10) selon la Revendication 1 ou 5, où
l’unité d’acheminement mobile (20) comprend une
première unité d’acheminement mobile (20), et où
le module de réservation de segment (96) est conçu
en outre de façon à :

déterminer un type de réservation demandé
pour au moins une première partie du segment
demandé (17),
en réponse à la détermination qu’une réserva-
tion de rotation est demandée pour la première
partie du segment demandé (17) :

accorder une demande de réservation de
rotation (26) reçue d’une deuxième unité
d’acheminement mobile (20) demandant
une réservation de la première partie de fa-
çon à permettre à la deuxième unité d’ache-
minement mobile (20) de faire pivoter un
support d’article en stock (30) dans une zo-
ne adjacente à la première partie, et
refuser tout autre type de demande de ré-
servation (26) pour la première partie pen-
dant que la première unité d’acheminement
mobile (20) a réservé la première partie,
et/ou
où l’unité d’acheminement mobile (20) est
conçue en outre de façon à libérer la réser-
vation du segment initial (17) après un dé-
placement le long du segment initial (17),
et/ou
où l’unité d’acheminement mobile (20) est
conçue en outre de façon à libérer une par-
tie du segment initial (17) après un dépla-
cement le long de la partie, où la partie est
plus petite qu’une totalité du segment initial
(17), et/ou
où le module de réservation de segment
(96) est conçu en outre de façon à :

déterminer un état de l’unité d’achemi-
nement mobile (20), et
décider s’il convient de libérer la réser-
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vation du segment initial (17) en fonc-
tion de l’état de l’unité d’acheminement
mobile (20), et/ou
où l’unité d’acheminement mobile (20)
est conçue de façon à se déplacer le
long du segment initial (17) par :

l’arrimage au support d’article en
stock (30), et
le déplacement du support d’article
en stock (30) le long du segment
initial (17) après l’arrimage au sup-
port d’article en stock (30), et/ou
où l’unité d’acheminement mobile
(20) est conçue de façon à se dé-
placer le long d’un segment final
(17) des un ou plusieurs segments
additionnels (17) par :

le déplacement du support
d’article en stock (30) le long
du segment final (17) jusqu’au
deuxième point,
le désarrimage du support
d’article en stock (30), et
le déplacement à l’écart du
support d’article en stock (30).

7. Un procédé d’exploitation d’une unité d’achemine-
ment mobile auto-alimentée (20) à l’intérieur d’un
espace de travail (70) d’un système de gestion de
stocks automatisé, comprenant:

la réception, au niveau d’une unité d’achemine-
ment mobile (20), d’un trajet (16) entre un pre-
mier point et un deuxième point, où :

le trajet (16) comprend un segment initial
(17) et un ou plusieurs segments addition-
nels (17),
le segment initial (17) comprend une partie
du trajet (16) adjacente au premier point, et
au moins un des segments additionnels
(17) comprend une partie du trajet (16) ad-
jacente au deuxième point,
la conservation en mémoire du trajet (16)
au niveau de l’unité d’acheminement mobile
(20),
la réservation par l’unité d’acheminement
mobile (20) du segment initial (17) du trajet
(16) par la transmission d’une demande de
réservation identifiant le segment initial et
la réception d’une réponse de réservation
indiquant que le segment initial a été réser-
vé pour l’unité d’acheminement mobile,
le déplacement de l’unité d’acheminement
mobile (20) à l’écart du premier point le long
du segment initial (17),

après l’initiation d’un déplacement le long
du segment initial (17), la réservation par
l’unité d’acheminement mobile (20) de cha-
cun des segments additionnels (17) du tra-
jet (16) par la transmission d’une demande
de réservation identifiant les segments ad-
ditionnels et la réception d’une réponse de
réservation indiquant que les segments ad-
ditionnels ont été réservés pour l’unité
d’acheminement mobile, et
le déplacement de l’unité d’acheminement
mobile (20) vers le deuxième point le long
de chacun des segments additionnels (17)
pendant que ce segment (17) est réservé,
où un module de planification d’itinéraire
(94) transmet la réponse d’itinéraire (24) à
l’unité d’acheminement mobile (20), la ré-
ponse d’itinéraire (24) définissant le trajet
(16) dans un espace de travail (70) entre le
premier point et le deuxième point,
un module de réservation de segment (96)
reçoit la demande de réservation (26) pro-
venant de l’unité d’acheminement mobile
(20), la demande de réservation (26) iden-
tifiant un segment demandé (17) à réserver
et, en réponse à la réception de la demande
de réservation (26), le module de réserva-
tion de segment (96) détermine si le seg-
ment demandé (17) est disponible à la ré-
servation pour l’unité d’acheminement mo-
bile demandeuse (20) de façon à éviter des
collisions avec d’autres unités d’achemine-
ment mobiles (20) pendant qu’elles se dé-
placent le long du segment réservé et trans-
met une réponse de réservation (28) à l’uni-
té d’acheminement mobile demandeuse
(20), la réponse de réservation (28) indi-
quant si le segment demandé (17) a été ré-
servé,
où l’unité d’acheminement mobile :

transmet une demande de réservation
au module de réservation de segment
(96) pour chacun des segments addi-
tionnels pendant un déplacement le
long du segment réservé lorsque l’unité
d’acheminement mobile détermine
qu’il y a moins qu’une partie prédéter-
minée du segment réservé restant à
parcourir et qu’un segment additionnel
dans le trajet reste à parcourir,
se déplace le long du segment réservé
et du segment additionnel si le segment
additionnel a été réservé avec succès,
tente de réserver à nouveau le segment
additionnel pendant un déplacement le
long du segment réservé après un laps
de temps prédéterminé si le segment
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additionnel n’est pas réservé, et
si le segment additionnel n’est pas ré-
servé avant que l’unité d’achemine-
ment mobile atteigne l’extrémité du
segment réservé, effectue une pause
au niveau de l’extrémité du segment ré-
servé jusqu’à ce que le segment addi-
tionnel soit réservé ou qu’un trajet de
rechange soit obtenu.

8. Le procédé selon la Revendication 7, où la détermi-
nation s’il convient de réserver au moins le segment
demandé (17) comprend :

la détermination d’un segment modifié (17) à ré-
server en fonction du segment demandé (17) et
d’une marge d’erreur destinée à prendre en
compte des erreurs ou des incertitudes poten-
tielles dans une position calculée de l’unité
d’acheminement mobile (20), et
la décision s’il convient de réserver le segment
modifié (17) pour l’unité d’acheminement mobile
demandeuse (20), et/ou
où le module de réservation de segment (96)
est conçu de façon à déterminer un segment
modifié (17) qui comprend le segment demandé
(17) et une cellule adjacente au segment de-
mandé (17).

9. Le procédé selon l’une quelconque des Revendica-
tions 7 ou 8, comprenant en outre :

la détermination d’un type de réservation de-
mandé pour au moins une première partie du
segment demandé (17),
en réponse à la détermination qu’une réserva-
tion de rotation est demandée pour la première
partie du segment demandé (17) :

accorder une demande de réservation de
rotation (26) reçue d’une deuxième unité
d’acheminement mobile (20) demandant
une réservation de la première partie de fa-
çon à permettre à la deuxième unité d’ache-
minement mobile (20) de faire pivoter un
support d’article en stock (30) dans une zo-
ne adjacente à la première partie, et

refuser tout autre type de demande de réserva-
tion (26) pour la première partie pendant que la
première unité d’acheminement mobile (20) a
réservé la première partie, et/ou
où l’unité d’acheminement mobile (20) est con-
çue en outre de façon à libérer la réservation du
segment initial (17) après un déplacement le
long du segment initial (17), et/ou
où l’unité d’acheminement mobile (20) est con-
çue en outre de façon à libérer une partie du

segment initial (17) après un déplacement le
long de la partie, où la partie est plus petite
qu’une totalité du segment initial (17) et/ou
comprenant en outre :

la détermination d’un état de l’unité d’ache-
minement mobile (20), et
la décision s’il convient de libérer la réser-
vation du segment initial (17) en fonction de
l’état de l’unité d’acheminement mobile
(20), et/ou
où l’unité d’acheminement mobile (20) est
conçue de façon à se déplacer le long du
segment initial (17) par :

l’arrimage au support d’article en stock (30), et
le déplacement du support d’article en stock (30)
le long du segment initial (17) après l’arrimage
au support d’article en stock (30), et/ou
où l’unité d’acheminement mobile (20) est con-
çue de façon à se déplacer le long d’un segment
final (17) des un ou plusieurs segments addi-
tionnels (17) par :

le déplacement du support d’article en stock
(30) le long du segment final (17) jusqu’au
deuxième point,
le désarrimage du support d’article en stock
(30), et
le déplacement à l’écart du support d’article
en stock (30).

10. Le procédé selon l’une quelconque des Revendica-
tions 7 à 9, comprenant en outre :

la génération d’un premier trajet (16) entre un
premier point et un deuxième point, où le pre-
mier trajet (16) comprend une pluralité de seg-
ments (17),
la transmission d’informations à l’unité d’ache-
minement mobile (20) qui spécifient un segment
initial (17) du premier trajet (16),
la réception d’une demande (26) pour un seg-
ment suivant (17) provenant de l’unité d’ache-
minement mobile (20),
en réponse à la réception de la demande (26)
pour le segment suivant (17), la décision s’il con-
vient de générer un nouveau trajet (16) pour
l’unité d’acheminement mobile (20),
en réponse à la décision de ne pas générer un
nouveau trajet (16), la transmission d’un deuxiè-
me segment (17) du premier trajet (16), et
en réponse à la décision de générer un nouveau
trajet (16) :

la génération d’un deuxième trajet (16) en-
tre un emplacement actuel de l’unité
d’acheminement mobile (20) et le deuxième
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point, et
la transmission d’informations identifiant un
segment initial (17) du deuxième trajet (16)
à l’unité d’acheminement mobile (20).

11. Le procédé selon la Revendication 10, où la géné-
ration du deuxième trajet (16) comprend la généra-
tion d’un deuxième trajet (16) en fonction d’un algo-
rithme qui utilise le premier trajet (16) en tant qu’en-
trée, et/ou
le procédé comprend en outre
la détection d’une modification dans un état d’un sys-
tème de gestion de stocks (10) associé à l’unité
d’acheminement mobile (20), et
la décision s’il convient de générer un nouveau trajet
(16) pour l’unité d’acheminement mobile (20) en
fonction de la modification détectée, de préférence
où la détection d’une modification dans un état du
système de gestion de stocks (10) comprend la dé-
tection d’une modification dans un niveau de trafic
associé au système de gestion de stocks (10), et/ou
la réception d’informations indiquant un emplace-
ment d’un obstacle dans un espace de travail (70)
associé au système de gestion de stocks (10), et où
où la réservation du segment initial (17) du premier
trajet (16) comprend la transmission d’une demande
de réservation (26) à partir de l’unité d’achemine-
ment mobile (20) à un module de réservation de seg-
ment (96) où la demande de réservation (26) identifie
le segment initial (17), et comprenant en outre :

la réception au niveau du module de réservation
de segment (96) de la demande de réservation
(26),
en réponse à la réception de la demande de
réservation (26), la décision s’il convient de ré-
server au moins le segment demandé (17) pour
l’unité d’acheminement mobile (20), et
la transmission d’une réponse de réservation
(28) du module de réservation de segment (96)
à l’unité d’acheminement mobile (20), où la ré-
ponse de réservation (28) indique si le segment
demandé (17) a été réservé.
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