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(57) Abstract: Methods and apparatus for tracking the location of one or more unit loads in a coordinate space in a facility, compris -
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INFERENTIAL LOAD TRACKING

PRIORITY CLAIM
[0001] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 61/435,691, filed 24 January 2011.

TECHNOLOGY FIELD

[0002] A method and apparatus for determining the location of one or more unit
loads of freight in a coordinate space in a facility by reading identifying indicia to identify items,
spatially discriminating the items from nearby ones, determining the position and orientation of
items by determining the position and orientation of the conveying vehicles such as forklift
trucks, and the position of the indicia relative to the conveying vehicle. The identity, location,
and orientation of items are stored in a database in a computer memory that can be accessed by
all conveying vehicles in the facility; thereby eliminating the necessity of rereading the
identifying indicia each time an item is to be located for conveyance. Items may therefore be
identified, located and tracked in “real” space of the facility and/or in “virtual” space of

computer memory.

BACKGROUND

[0003] Tracking the identity and location of physical assets, such as raw materials,
semi-finished products and finished products, as they move through the supply chain is
operationally imperative in many businesses. “Assets” may include a very wide range of objects
conveyed by utility vehicles, including, but not limited to palletized materials such as groups of
cartons, single items such as household appliances, or unitized bulk products such as chemical
totes. As used in the present invention, a load or “unit load” is a single unit of assets, such as
freight or an assembly of goods on a transport structure (e.g., pallet, tote, rack, etc.) that
facilitates handling, moving, storing and stacking the materials as a single entity. Unit loads
typically combine individual items into a single unit that can be moved easily with an industrial

utility vehicle such as a pallet jack or forklift truck.
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[0004] In material handling facilities such as factories, warchouses, and distribution
centers, asset tracking is the primary task of a wide variety of systems, including inventory
control systems, product tracking systems, and warchouse management systems, collectively
termed “host systems”. The ability to automatically determine and record the identity, position,
elevation, and rotational orientation of assets and/or unit loads within a defined coordinate space,
without human interaction, is a practical problem that has seen many imperfect solutions.

[0005] A variety of technologies have been applied to solve the problem of
identifying an asset or unit load. For example, barcode labels, hang tags, ink jet spray markings,
and radio frequency tags have been attached to assets and/or unit loads to allow machine
readability or manual identification by a human operator. The most common method used today
utilizes barcode indicia (typically printed on a label attached to an asset), which are read by
hand-held devices, commonly known as barcode scanners or label readers. Data from the hand
held device is typically forwarded to a host system such as those mentioned above. Asused
herein, the term “label reader” refers to any device that reads barcode indicia.

[0006] Determining asset or unit load location has been an equally challenging
problem, especially in facilities where goods move quickly from point to point, or where human
interaction is relied upon to determine the asset’s or unit load’s location or storage position.
Barcode labels have found utility by being attached to storage locations. For example, a
warchouse may have rack storage positions, where each position is marked with a barcode label.
The operator scans the rack label barcode when an asset or a load is deposited or removed, and
that data, along with the asset or unit load identity data, is uploaded to the host.

[0007] As with load identification, load location has been determined manually or by
machine with a variety of technologies. RFID tags, barcode labels and human readable labels
constitute the vast majority of location marking methods, especially for facilities utilizing rack
storage. Racks provide physical separation of storage items as well as convenient placement for
identifying labels.

[0008] In the case of bulk storage, where items are stored in open floor areas, items
may be placed in any orientation with little physical separation. Floor markings — typically
painted stripes — are the conventional method of indicating storage locations (e.g., see FIG. 18)

and separating one location from another. Human readable markings and/or bar code symbols
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may identify each location in order to allow human reading and/or machine reading, and these
may be floor-mounted or suspended above storage locations.

[0009] Tracking the movement of assets in a storage facility presents a number of
additional problems. Most warchouse and distribution centers employ drivers operating pallet
jacks or forklift trucks, and in most of these operations the driver is responsible for collecting
inventory data as assets are moved to and from storage locations. Generally drivers use a hand-
held barcode scanner to scan a barcode label on the load and to scan a separate barcode label
affixed to the floor, hung from above, or attached to a rack face. The act of manually collecting
the load tracking data creates several problems including, for example:

1) Driver and vehicle productivity are reduced. The label-reading
task takes time away from the driver’s primary task of moving the materials.

2) Data errors can occur. The driver may scan the wrong label, or
forget to scan. These data errors can result in lost inventory, inefficient operations, and
operational disruptions.

3) Driver safety is threatened. Forklift drivers work in a dangerous
environment. The scanning operation frequently requires the driver to lean outside the protective
driver cage or to dismount and remount the vehicle. The driver is exposed to potential injury
when dismounted or leaning outside the protective cage.

[0010] In addition to the difficulties introduced by the manual data collection task, an
overriding concern is that item identification tags, labels, or other markings can be degraded
during shipping and storage, and may become unusable. For example, paper labels with
machine-readable barcode identifiers can be torn or defaced, rendering the barcode unreadable.
Printing can become wet and smeared, text can be misinterpreted, and labels can be torn off,
rendering an item unidentifiable.

[0011] Numerous outdoor asset tracking methods and systems have been developed
to track outdoor assets such as railroad cars, ships, overland trucks, and freight containers. Most
tracking systems utilize the Global Positioning System (GPS) for position determination. GPS is
available world-wide and requires no licensing or usage fees. The GPS system is based on radio
signals, transmitted from earth orbiting satellites, which can be received at most outdoor
locations. For indoor navigation, however, GPS signals can be attenuated, reflected, blocked, or

absorbed by building structure or contents, rendering GPS unreliable for indoor use.
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[0012] Radio technologies have been used to determine the position of objects
indoors. While overcoming the radio wave limitations of GPS, other shortcomings have been
introduced. For example, object orientation is difficult to determine using radio waves. A
number of radio-based systems have been developed using spread spectrum RF technology,
signal intensity triangulation, and Radio Frequency Identification (RFID) transponders, but all
such systems are subject to radio wave propagation issues and lack orientation sensing. Typical
of such RF technology is U.S. Patent No. 7,957,833, issued to Beucher et al.

[0013] For example, U.S. Patent No. 7,511,662 claims a system and method for
providing location determination in a configured environment in which Global Navigation
Satellite System Signals may not be available. Local beacon systems generate spread spectrum
code division multiple access signals that are received by spectral compression units. That
system has utility in applications in which GPS signals are unavailable or limited, for example,
in warchouse inventory management, in search and rescue operations and in asset tracking in
indoor environments. An important shortcoming of the technology is that object orientation
cannot be determined if an object is stationary.

[0014] Ultrasonic methods can work well in unobstructed indoor areas, although
sound waves are subject to reflections and attenuation problems much like radio waves. For
example, U.S. Patent No. 7,764,574 claims a positioning system that includes ultrasonic satellites
and a mobile receiver that receives ultrasonic signals from the satellites to recognize its current
position. Similar to the GPS system in architecture, it lacks accurate orientation determination.

[0015] Optical methods have been used to track objects indoors with considerable
success. For example, determining the location of moveable assets by first determining the
location of the conveying vehicles may be accomplished by employing vehicle position
determining systems. Such systems are available from a variety of commercial vendors
including Sick AG of Waldkirch, Germany, and Kollmorgen Electro-Optical of Northampton,
MA. Laser positioning equipment may be attached to conveying vehicles to provide accurate
vehicle position and heading information. These systems employ lasers that scan targets to
calculate vehicle position and orientation (heading). System accuracy is suitable for tracking
assets such as forklift trucks or guiding automated vehicles indoors. Using this type of system in
a bulk storage facility where goods may be stacked on the floor has presented a limitation for

laser scanning systems, which rely on the targets to be placed horizontally about the building in
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order to be visible to the sensor. Items stacked on the floor that rise above the laser’s horizontal
scan line can obstruct the laser beam, resulting in navigation system failure.

[0016] Rotational orientation determination, which is not present in many position
determination methods, becomes especially important in applications such as vehicle tracking,
vehicle guidance, and asset tracking. Considering materials handling applications, for example,
assets may be stored in chosen orientations, with carton labels aligned in a particular direction or
pallet openings aligned to facilitate lift truck access from a known direction. Since items in bulk
storage may be placed in any orientation, it is important that orientation can be determined in
addition to location. One method of determining asset location and orientation is to determine
the position and orientation of the conveying vehicle as it acquires or deposits assets. Physical
proximity between the asset and the vehicle is assured by the vehicle’s mechanical equipment;
for example, as a forklift truck picks up a palletized unit load of assets with a load handling
mechanism.

[0017] Since goods may be stored in three dimensional spaces with items stacked
upon one another, or stored on racks at elevations above the floor, a position and orientation
determination system designed to track assets indoors must provide position information in three
dimensions and orientation. The close proximity of many items also creates the problem of
discriminating from them only those items intended for the current load. The combination of
position determination, elevation determination and angular orientation determination and the
ability to discriminate an item from nearby items is therefore desired.

[0018] A position and rotation determination method and apparatus is taught in U.S.
Patent Application Serial No. 11/292,463, now U.S. Patent No. 7,845,560, entitled “Method and
Apparatus for Determining Position and Rotational Orientation of an Object,” which is
incorporated herein by reference in its entirety. An improved position and rotation determination
method is taught in U.S. Patent Application Serial No. 12/807,325, entitled “Method and
Apparatus for Managing and Controlling Manned and Automated Utility Vehicles,” which is
incorporated herein by reference in its entirety. The methods of these patent applications are
useful for determining the position and orientation of a conveying vehicle in carrying out the
present invention. Other navigation methods as embodied in model NAV 200 available from
Sick AG of Reute, Germany, and model NDC8 available from Kollmorgen of Radford, VA may

also be used for determining the position and orientation of a conveying vehicle.
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[0019] U.S. Patent Application Serial No. 12/319,825, entitled “Optical Position
Marker Apparatus,” Mahan, et al., filed January 13, 2009, describes an apparatus for marking
predetermined known overhead positional locations within a coordinate space, for viewing by an
image acquisition system which determines position and orientation, which is incorporated
herein by reference in its entirety.

[0020] U.S. Patent Application Serial No. 12/321,836, entitled “Apparatus and
Method for Asset Tracking,” describes an apparatus and method for tracking the location of one
or more assets, comprising an integrated system that identifies an asset, determines the time the
asset is acquired by a conveying vehicle, determines the position, elevation and orientation of the
asset at the moment it is acquired, determines the time the asset is deposited by the conveying
vehicle, and determines the position, elevation and orientation of the asset at the time the asset is
deposited, each position, elevation and orientation being relative to a reference plane. U.S.
Patent Application Serial No. 12/321,836 is incorporated herein by reference in its entirety.

[0021] U.S. Patent Application Serial No. 13/298,713, entitled “Load Tracking
Utilizing Load Identifying Indicia and Spatial Discrimination,” describes a method and apparatus
for tracking the location of one or more unit loads of freight in a coordinate space in a facility.
U.S. Patent Application Serial No. 13/298,713 is incorporated herein by reference in its entirety.

[0022] Existing methods/systems do not address the problem of an asset being
transported by a conveying vehicle, then loaded onto an automated conveying device and then
being retrieved at another location by a second conveying vehicle for subsequent transport. The
prior art also does not address the issue of tracking a load if its identity is unknown when the
conveying vehicle approaches the load.

[0023] The present invention addresses the above problems. When a load is placed
upon an automated conveying device the identity of the load is communicated to the controller of
the conveying device, which tracks the position of the load as it is being conveyed, so that the
load can be subsequently identified and tracked for transport by another conveying vehicle upon
pick up. When an unidentified load is present a pseudo identification is assigned so that the load

can be tracked within the facility until it can be ultimately positively identified.

SUMMARY
[0024] There are occasions when loads are to be handled without the conveying

vehicle being equipped with a load identification device, such as a label reader 14, a handheld
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bar code scanner 7, an RFID reader, etc. Embodiments of the present invention allow the mobile
computer 25 on board load conveying vehicle 6A, 6M to identify a load 2000 (i.e., 2001, 2002,
2003, . .., 2007) at the moment of load acquisition without the vehicle being equipped with a
load identification device. The ability to identify an asset (a unit load, an object or a set of
objects) and track it within a tracking system described herein using only the association of data
between an asset’s identity and its position (or its position and orientation), is herein referred to
as “inferential load tracking.” By determining the position (or the position and orientation) of an
unidentified asset, and matching that location to a database record of all asset locations, the
asset’s identity can be retrieved. An asset’s identity is therefore determined by inference to its
location, rather than being directly determined by identifying indicia that might be difficult to
read, may not be positioned correctly, may have fallen off or may be otherwise missing from the
asset at the time of movement.

[0025] A method for identifying, locating and tracking assets within an operating
facility by providing an initial identification and location of an asset from a host, conveying the
asset on an automated asset conveying device to a location while tracking the position of the
asset, communicating the identity and location of the asset from the host to a tracking system,
comprising a system controller and one or more conveying vehicles, each conveying vehicle
having a mobile computer, an optical navigation system for sensing vehicle position and
rotational orientation within the facility, a lift mechanism having a lift height sensor, an asset
holding device for holding the asset in a known position relative to the conveying vehicle, and a
load detection sensor.

[0026] In one embodiment, the method comprising the steps of: a first conveying
vehicle receiving an initial identification and an initial location of an asset from the host; the
conveying vehicle acquiring the asset; the conveying vehicle navigating the facility by repeatedly
determining the position of the center of the vehicle and the rotational orientation of the
directional axis of the vehicle; the conveying vehicle transporting the asset to a second location;
the conveying vehicle depositing the asset at the second location, and communicating the
identity, location and rotational orientation of the asset to the system controller; and
the system controller communicating the identity, the position and rotational orientation of the
asset to a host. The method further comprises: the first conveying vehicle depositing the asset on

an automated asset conveying device, communicating the identity, the position and rotational
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orientation of the asset to a conveyor controller that controls the automated asset conveying
device, that in turn communicates to a manufacturing execution system and to the host; the
conveyor controller tracking the position of the asset while the asset is transported on the
automated asset conveying device; communicating the identity, the position and rotational
orientation of the asset to a second conveying vehicle by the conveyor controller; acquiring the
asset by the second conveying vehicle; the conveying vehicle navigating the facility by
repeatedly determining the position of the center of the vehicle and the rotational orientation of
the directional axis of the vehicle; depositing the asset at the third location by the second vehicle
and communicating the identity, the position and rotational orientation of the asset to the system
controller and to subsequently to the host.

[0027] In another embodiment, the method further comprises the steps of: the first
conveying vehicle depositing the asset at a second location, communicating the identity, the
position and rotational orientation of the asset to a system controller, that in turn communicates
to a host; the host directing an AGV controller to transport the asset to a third location; the AGV
controller assigning an automated guided vehicle (AGV) transport the asset to a third location;
the AGV controller tracking the position of the asset while the asset is being transported; the
AGYV controller communicating the identity, the position and rotational orientation of the asset to
the host; the host communicating with the system controller; the system controller assigning a
second conveying vehicle to transport the asset to a fourth location; the second conveying
vehicle acquiring the asset; the conveying vehicle navigating the facility by repeatedly
determining the position of the center of the vehicle and the rotational orientation of the
directional axis of the vehicle; and the second conveying vehicle depositing the asset at the
fourth location and communicating the identity, the position and rotational orientation of the
asset to the system controller.

[0028] One apparatus for carrying out the methods comprises an integrated system
comprising a fixed-base subsystem, called a controller, and one or more mobile subsystems. The
controller comprises a computer having a computational unit, a data storage unit, a
communications network interface, an operator interface, a wireless local area network interface
and a base station wireless local area network communication unit, connected to the computer,

for communicating with one or more mobile communication units.
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[0029] The mobile subsystems, each mounted onboard a conveying vehicle, each
comprise a mobile computer device having a computational unit and a data storage unit; a sensor
network interface for communicating with a plurality of onboard devices, a wireless local arca
network interface, a vehicle driver interface, and a plurality of onboard devices. The plurality of
onboard devices includes a position/orientation sensor unit to determine the location in two
dimensions, and the rotational orientation of the conveying vehicle in a facility coordinate
system; a label reader sensor device for detecting and identifying a label having a machine-
readable symbol on a load and decoding the machine-readable symbol; a load detection device,
indicating the presence or absence of a load on a lifting mechanism of the conveying vehicle; a
lift height detection device for determining the elevation of the lifting mechanism on the
conveying vehicle relative to the reference plane; and a wireless local area network
communication unit for communicating with the base station wireless communication unit.

[0030] Additional types of conveying vehicles are accommodated by the present
invention. For example, scissor trucks, turret trucks, order picker trucks are accommodated by
the addition of sensors on the conveying vehicle that measure the position and rotational
orientation of the forks relative to the position and rotational orientation of the conveying
vehicle. The scissor truck would have a scissor extension sensor to measure the distance of the
fork assembly from the conveying vehicle. The turret truck would have a lateral displacement
sensor to measure the lateral displacement of the fork assembly and a fork rotation sensor to
measure the rotational position of the fork assembly.

[0031] In a preferred embodiment, the system determines the instantaneous location
of cach load using the systems and methods disclosed in one or more of U.S. Patent No.
7,845,560; U.S. Patent Application Serial No. 12/319,825; U.S. Patent Application Serial No.
12/321,836; and U.S. Patent Application Serial No. 12/807,325, the details of which are
incorporated herein by reference in their entirety. An array of uniquely encoded position
markers distributed throughout the operational space in such a manner that at least one marker is
within view of an image acquisition system mounted on a conveying vehicle. Images of the at
least one marker are acquired and decoded, and the position and rotational orientation of the
conveying vehicle are calculated. Sensors on the conveying vehicle enable the system to
determine the precise location, including elevation relative to a reference plane, of the load (such

as an object on a pallet) being transported by the conveying vehicle.
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[0032] Communication between the fixed-base host computer and the mobile
subsystems mounted on the conveying vehicles may use any wireless communication protocol
authorized for use in a particular country of use.

[0033] The system described above removes operator involvement from the data
collection task and improves operational efficiency as well as operator safety as loads are moved
through a facility.

[0034] Additional features and advantages of the invention will be made apparent
from the following detailed description of illustrative embodiments that proceeds with reference

to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The foregoing and other aspects of the present invention are best understood
from the following detailed description when read in connection with the accompanying
drawings. For the purpose of illustrating the invention, there is shown in the drawings
embodiments that are presently preferred, it being understood, however, that the invention is not
limited to the specific instrumentalities disclosed. Included in the drawings are the following
Figures:

[0036] FIG. 1 shows a stylized pictorial three-dimensional view of a materials
handling facility;

[0037] FIG. 2 shows a detailed view of a conveying vehicle, e.g., a counterbalanced
forklift truck and a load;

[0038] FIG. 2A shows an exemplary “Reach Truck” having fork extension scissors,
with the scissors in the withdrawn, i.e., retracted, position;

[0039] FIG. 2B shows a Reach Truck with the scissors in the extended position;

[0040] FIG. 2C shows an exemplary “man-up order picker” conveying vehicle with
the operator lifted above the floor;

[0041] FIG. 3 shows a block diagram showing exemplary interconnection of
components on the conveying vehicle;

[0042] FIG. 4 is a plan view to show X and Y offsets of a position/orientation sensor

camera from the center of the conveying vehicle;
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[0043] FIG. 4A is a plan view, corresponding to FIG. 2A, that shows X and Y offsets
of a position/orientation sensor from the center of a reach truck conveying vehicle with the load
handling mechanism withdrawn;

[0044] FIG. 4B is a plan view, corresponding to FIG. 2B, that shows X and Y offsets
of a position/orientation sensor from the center of a reach truck conveying vehicle with the load
handling mechanism extended;

[0045] FIG. 4C is a plan view to show X and Y offsets of a position/orientation
sensor from the center of a “turret truck” conveying vehicle with the load handling mechanism
centered and rotated left;

[0046] FIG. 4D is a plan view to show X and Y offsets of a position/orientation
sensor from the center of a “turret truck” conveying vehicle with the load handling mechanism
translated left and rotated left;

[0047] FIG. 4E is a plan view to show X and Y offsets of a position/orientation
sensor from the center of a “turret truck” conveying vehicle with the load handling mechanism
translated right and rotated right;

[0048] FIG. 5 is a plan view showing four possible orientations of a
position/orientation sensor camera on the conveying vehicle;

[0049] FIG. 6 is a plan view of two Label Readers showing horizontal X and Y
offsets from the center of the conveying vehicle;

[0050] FIG. 7 is a perspective view of a conveying vehicle showing vertical Z offsets
of two Label Readers relative to the Load Datum Point;

[0051] FIG. 8 depicts the coordinate axes of the vehicle and the pitch, roll and yaw
axes of a Label Reader sensor;

[0052] FIG. 9A depicts a typical item label with a two-dimensional barcode;

[0053] FIG. 9B depicts a two-dimensional barcode useful for a load identification
label,

[0054] FIG. 9C depicts an item label or load label having a one-dimensional barcode;

[0055] FIG. 9D depicts a one-dimensional barcode useful for a load identification
label,

[0056] FIG. 9E depicts an alternative one-dimensional barcode useful for a load

identification label;
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[0057] FIG. 10 is a depiction of a typical label used for load identification;

[0058] FIG. 11 shows a manned conveying vehicle approaching a stack of unit loads
and Targeting Lane projected from the front of the conveying vehicle and shows details of the
Targeting Lane;

[0059] FIG. 12 shows a manned conveying vehicle approaching a stack of unit loads
where some of the unit loads lie within the Targeting Lane;

[0060] FIG. 13 shows the field of view of a Label Reader mounted on the conveying
vehicle;

[0061] FIG. 14 shows the label reader field of view encompassing six labels of unit
loads;

[0062] FIG. 15 shows vectors from the label reader to cach of the six labels within
the field of view of FIGs. 13 and 14;

[0063] FIG. 16 shows the image acquired by the label reader;

[0064] FIG. 17 shows the interaction of the Targeting Lane with a plurality of loads;

[0065] FIG. 17A shows the Targeting Lane as a conveying vehicle approaches and
shows the label positions and positions and orientations of two loads within the Targeting Lane
and the label positions and positions and orientations of other loads in the vicinity of the
Targeting Lane;

[0066] FIG. 17B shows the Targeting Lane and the positions of two labels within the
Targeting Lane and the positions of other labels in the vicinity of the Targeting Lane;

[0067] FIG. 17C shows the Targeting Lane and the positions and orientations of two
loads within the Targeting Lane and the positions and orientations of other loads in the vicinity
of the Targeting Lane;

[0068] FIG. 17D shows the conveying vehicle approaching the load within a Target
Cube;

[0069] FIG. 17E shows the Targeting Lane, the boundaries of the Target Cube
established around a load, the load center position and orientation and the label position;

[0070] FIG. 17F shows the conveying vehicle acquiring the load;

[0071] FIG. 18A shows the vehicle approaching the desired storage location that is
blocked by a load in the aisle;

[0072] FIG. 18B shows the transported load making contact with the blocking load;

-12-



WO 2012/103002 PCT/US2012/022201

[0073] FIG. 18C shows the vehicle pushing the blocking load into the storage
location;

[0074] FIG. 18D shows the vehicle moving the transported load slightly away from
the blocking load as the transported load is being deposited;

[0075] FIG. 18E shows the vehicle backing away from the deposited load;

[0076] FIG. 19 shows the interaction of the Targeting Lane with a load stacked on
top of another load;

[0077] FIG. 20 shows the creation of a Target Cube after detection of the desired
label on the top load;

[0078] FIG. 21 shows the interaction of the Targeting Lane with multiple unit loads,
stacked vertically;

[0079] FIG. 22 shows the creation of a Target Cube surrounding two loads one
stacked atop the other;

[0080] FIG. 23 shows a widened Targeting Lane to accommodate side-by-side loads;

[0081] FIG. 24 shows the creation of a Target Cube surrounding two side-by-side
loads;

[0082] FIG. 25 is a flow diagram for establishment of exemplary system
configuration parameters;

[0083] FIG. 26 is a flow diagram showing exemplary steps of determining the ID and
position of a label for subsequent addition to a Label Map and the determination of the ID,
position and orientation of a unit load for subsequent addition to a Load Map;

[0084] FIG. 27 is a flow diagram of functions in an exemplary mobile computer
showing the addition of a label ID and position to the Local Label Map, the averaging of the
position for labels already in the Label Map; and the addition of a unit load ID, position and
orientation to the Local Load Map, and updating of position and orientation for unit loads
already in the Local Load Map; and the exchange of data with the controller;

[0085] FIG. 28 is a flow diagram of functions in an exemplary controller showing the
addition of a label ID and position to the Global Label Map, the averaging of the position for
labels already in the Global Label Map; and the addition of a unit load ID, position and
orientation to the Global Load Map, and updating of position and orientation for unit loads

already in the Global Load Map; and the exchange of data with the mobile computer(s);
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[0086] FIG. 29 shows the label ID and position data stored in an exemplary Label
Map database in the mobile computer when the label has been seen by a first, a second and a
third vehicle, and when a unit load having that label has been acquired by a fourth vehicle and
moved to and deposited at a transfer position;

[0087] FIG. 30 shows the load ID, position and orientation data stored in an
exemplary Global Load Map database in the mobile computer at three times: when a load was
previously deposited at a bulk storage location; when the load has been deposited in an aisle by
the fourth vehicle; and when the load has been acquired by a fifth vehicle and moved to and
deposited at a destination position;

[0088] FIG. 31 is a map of a facility showing the exemplary movement of a unit load
from a first storage location by the fourth vehicle to a transfer location in an aisle;

[0089] FIG. 32 is a map of a facility showing the exemplary movement of the unit
load from the transfer location by the fifth vehicle to a second storage location;

[0090] FIG. 33 is a flow diagram showing one embodiment for the determination if
any label is in the Targeting Lane as the conveying vehicle approaches and acquires a load;

[0091] FIG. 34 is a flow diagram showing one embodiment for the determination if
any load is in the Targeting Lane as the conveying vehicle approaches and acquires that load;

[0092] FIG. 35 is a flow diagram showing the location and decoding of labels within
the label reader’s field of view;

[0093] FIG. 36A is a flow diagram showing exemplary steps of determining the
position of a label containing a linear barcode by the transformation of the one-dimensional
barcode label data relative to the conveying vehicle into the facility coordinates;

[0094] FIG. 36B is a flow diagram showing exemplary steps of determining the
position of a label containing an alternative linear barcode by the transformation of the one-
dimensional barcode label data relative to the conveying vehicle into the facility coordinates;

[0095] FIG. 37 is a flow diagram showing exemplary steps of determining the
position of a label containing a two-dimensional matrix barcode by the transformation of two-

dimensional barcode label data relative to the conveying vehicle into the facility coordinates;

[0096] FIG. 38 shows overall system architecture in an integration hierarchy, using

the terminology of the Purdue Reference Model for Enterprise Integration (ANSI / ISA-95);
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[0097] FIG. 39A shows an embodiment having a virtual data link for data exchange

between virtual automation and hard automation components;

[0098] FIG. 39B shows an embodiment having a virtual data link for data exchange

between virtual automation and AGV components;

[0099] FIG. 40 illustrates an example in a paper production facility having hard

automation belt or roller conveyor;

[00100] FIG. 41 shows a typical paper roll with bar code labels and an RFID tag with

embedded electronic chip, antenna, and human readable tag ID;

[00101] FIG. 42 shows the intended acquisition of a paper roll from the conveyor by a

manned conveying vehicle;

[00102] FIG. 43 shows a vehicle placing a roll atop another roll to create a vertical

stack;

[00103] FIG. 44 illustrates two examples where loads may be acquired by conveying

vehicles from directions that do not provide the possibility of reading a unit load label,

[00104] FIG. 45 is a flowchart that shows the process for handling an unidentified
load;

[00105] FIG. 46 is a flowchart that shows the process for the final move of the

unidentified load; and

[00106] FIG. 47 shows a vehicle about to push a load into the closest rack position of a

flow-through storage rack.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[00107] Asused herein a “load” may comprise one or more assets. A typical “unit
load” may comprise a stack of assets on a pallet to facilitate handling with a conveying vehicle,
such as a forklift truck, automated guided vehicle or pallet jack. A unit load may also be a single
asset such as an appliance, chemical container, bin, bucket, or tote. In all cases, a unit load is
identified and transported as a single asset. As used herein, an asset includes, but is not limited

to, material, goods, products, objects, items, etc.
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[00108] Since a wide variety of conveying vehicles are used to transport unit loads, the
example will describe an operation utilizing a common counterbalanced forklift truck and a
palletized unit load.

[00109] In the United States, pallets are made in a wide variety of styles,
configurations, and materials. While no universally accepted standards for pallet dimensions
exist, many industries utilize just a few different sizes, with the dominant size being 48 inches in
depth (the X dimension) by 40 inches in width (the Y dimension). In Europe, the EURO pallet,
also called a CEN pallet, measures 800 millimeters wide by 1200 millimeters deep. The
International Organization for Standardization (ISO) sanctions just six pallet dimensions,
including the common 48-by-40 inch American pallet depicted in the example.

[00110] Other types of conveying vehicles, such as a so-called “Reach Truck” 6R
(FIGs. 2A, 2B), having fork an extension scissors, or a “Turret Truck” 6T (FIGs. 4A - 4E),
which provides translation and rotation of the forks in addition to extension and lift, or an “order
picker” truck (FIG. 2C) are accommodated.

[00111] FIG. 1 shows a stylized pictorial three-dimensional view of a materials
handling facility and FIG. 2 shows a more detailed view of a manned vehicle. These figures
identify key elements of the apparatus of the present invention: a coordinate reference 1,
position/orientation determination subsystem comprising a plurality of position markers 2,3 on a
support arrangement 4 and a machine vision camera 7, a manned conveying vehicle 6M and an
automated conveying vehicle 6A (collectively, conveying vehicles 6), a data processing device
(mobile computer) 25, driver interface 26, wireless data communications links 10, illumination
source 8, each mounted on a vehicle 6, an optional hand-held barcode scanner 9, a computer unit
105, which also serves as a system controller, and a plurality of unit loads 1000. In FIG. 2 a
manned vehicle 6M, having a lift mechanism 11, a label reader 14 (that serves as a load
identification sensor), a lift height sensor 17Z, having a reflective target 17R and a load detection
sensor, i.¢., a load detection device, 18 may be seen. Also shown in FIG. 1 is a plurality of unit
loads 1000 each having a unit load label 30 (FIG. 2) having two-dimensional barcode indicia
thereon.

[00112] In some embodiments, an indoor navigation system, such as that disclosed in
U.S. Patent No. 7,845,560 and U.S. Patent Application Serial No. 12/807,325 or a SICK NAV

200 or a Kollmorgen NDCS, is used to continuously determine position and orientation of the
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vehicle several times per second. In the preferred embodiment, which utilizes the teachings of
U.S. Patent No. 7,845,560 and U.S. Patent Application Serial No. 12/807,325, an upward facing
image acquisition camera of the position/orientation sensor 7 is mounted on the conveying
vehicle 6, acquiring images of at least one position marker 2 or 3, which are placed over the
operating area within the camera’s view. Each image is processed to determine the identity of
each position marker 2, 3 within view. The location of a position marker within the acquired
image is then used to determine the position (typically X and Y coordinates) and rotational
orientation of the conveying vehicle 6 as discussed in U.S. Patent No. 7,845,560. Each position
marker 2, 3 (seen in FIGs. 1, 2) bears a unique barcode symbol (respectively similar to FIGs. 9B
and 9D).The rotational orientation of each position marker relative to the conveying vehicle is
used to determine the rotational orientation of the conveying vehicle relative to the facility
coordinate system.

[00113] In this preferred embodiment, conventional machine vision technology, such
as a commercial machine vision system is utilized. The machine vision system has image
processing capabilities, such as marker presence or absence detection, dimensional measurement,
and label shape identification. Typical machine vision systems are comprised of a video camera,
a computing device, and a set of software routines stored in a storage unit of the computing
device. Machine vision equipment is commercially available and suitable for most
environments. In order to develop a machine vision application, the user chooses certain
subroutines, combines them into a sequence or procedure, and stores the procedure in the
memory or storage device of the machine vision computing device. Suitable for use is a Model
5100 or Model 5400 machine vision system from Cognex, Inc. of Natick, MA with associated
In-Sight Explorer ™ software that offers a wide array of feature extraction, mathematical,
geometric, label identification, and barcode symbol decoding subroutines. Output data produced
by the position/orientation sensor 7 at the conclusion of each procedure are transferred to the
mobile computer unit 25 through the wired or wireless methods.

[00114] The identification of the position marker 2, 3, the relative position of the
marker within the field of view, the angular orientation, and the marker dimensions are processed
by the mobile computer 25.

[00115] The decoded identification serves as a key to access marker position data,

which is obtained from a lookup table in the mobile computer 25. The marker’s actual position

-17-



WO 2012/103002 PCT/US2012/022201

is calculated from the marker’s position within the field of view; that is, its distance in pixels
from the center of the field of view, and at what azimuth, but using actual positional and
orientation values. The results are transformed from pixels into real dimensions such as feet or
meters. The results can be saved and/or conveyed to other devices, such as the fixed base host
computer 105, for storage, presentation, or other purpose. The cycle repeats once a full
determination has been made.

[00116] FIG. 3 shows a system block diagram, showing exemplary interconnection of
the components and the flow of data. The components on the vehicle include a vehicle power
source 3-1, a power conversion and regulator device 3-2 that supplies conditioned power to the
other components, the position/orientation sensor 7, the wireless local area network
communications device 10, the reader 14 (load identification sensor 14), the lift height detection
device 17Z, the fork extension sensor 17X, the fork translation sensor 17Y and the fork rotation
sensor 170 and associated analog to digital signal converter 3-3, the load detection device 18 and
associated analog to digital signal converter 3-4, mobile computer 25 having an internal network
interface 130, and the driver interface 26.

[00117] The mobile computer 25 serves as a hub for the components mounted on the
conveying vehicle. The components on the vehicle may communicate with the mobile computer
through cables or by way of a wireless link implemented in accordance with any wireless local
arca network standard available in a particular country.

[00118] The load detection device 18 provides a signal indicating when the conveying
vehicle lift apparatus has contacted the item being acquired. One preferred load detection device
18 provides an analog signal indicating the distance between the conveying vehicle lift apparatus
and the asset being acquired. As shown in FIG. 2, a laser time-of-flight sensor, comprising a
solid-state laser source and self-contained receiver, is mounted in a physically protected position
on the lift mechanism backrest. The device operates on the principle that light propagates at a
known rate. A beam emanating from a source exits the source and propagates toward the
material being acquired, where it is reflected back, typically from the pallet or object (e.g., asset
1000) resting on the pallet, toward the source. The time of the beam’s reception, is measured
very precisely and an analog current or voltage is created in a linear fashion, corresponding to
the duration of the beam’s two-way flight. This analog signal is transmitted to an analog to

digital signal converter (FIG. 3, box 3-3) and the digital representation is transmitted to the
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mobile computer unit 25. Laser time-of-flight sensors are available commercially from Sick Inc.
of Minneapolis, MN, IDEC Corporation of Sunnyvale, CA, and IFM Efector of Exton, PA.
Alternatively a lift contact switch, an ultrasonic proximity sensor or other device may be used to
serve as the load detection device 18.

[00119] A lift height detection device 17Z is used for determining the elevation of the
lifting mechanism 11 on the conveying vehicle 6 relative to the warchouse floor. A laser time-
of-flight sensor, an ultrasonic sensor, a string potentiometer, or a pressure sensitive device to
measure difference in hydraulic pressure on the mast, may be used as the lift height detection
device. As shown in FIG. 2, a preferred laser time-of-flight sensor, comprising a solid-state laser
source 17Z and a retro-reflector 17R, is mounted on a forklift mast, operated on the principle that
light propagates at a known rate. As above, a beam emanating from a source exits the source and
propagates toward a retro-reflective target, where it is reflected back toward the source. The
time of the beam’s reception, is measured very precisely and a current or voltage is created in a
linear fashion, corresponding to the time of flight. This analog signal is transmitted to an analog
to digital signal converter (FIG. 3, Box 3-4) that transmits a digital representation of the analog
value to the mobile computer unit 25. The aforementioned commercially available laser time-of-
flight sensors may be used. Alternatively, a string potentiometer, a linear encoder, or other
device may be used to serve as the lift height detection device 17Z.

[00120] FIG. 4 is a plan view of the conveying vehicle 6 showing vehicle centerlines
6X and 6Y, a vehicle center point 6C, a load datum point 6D on centerline 6X at the load
backrest of the lifting device 11, and a load center point 1000C positioned at the center of the
forks 11. Also shown is a position/orientation sensor 7 offset from the center 6C of the
conveying vehicle in the X direction by distance 7X and in the Y direction by distance 7Y. In
this figure, the conveying vehicle shown is a counterbalanced forklift truck.

[00121] There are three key points on each vehicle; the vehicle center 6C, the load
center 1000C, and the load datum, 6D. Dimensions between the vehicle center 6C and the other
points are typically measured and/or calculated in convenient units such as inches or centimeters.
The rotation angle of the position/orientation sensor 7 relative to the X-axis of the conveying
vehicle 6 is shown in FIG. 5.

[00122] The load datum 6D is a point which defines the static offset of the load

handling mechanism (forks, clamps, slipsheet, etc.) relative to the center 6C of the vehicle. This
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point marks the closest position to the vehicle center 6C, and to the floor, that a load can be held
when acquired. The dynamic location of the Load Datum 6D is determined constantly by
applying the sensor measurements 17X, 17Y, 17Z, 170 which define the mechanical motion of
the load handling mechanism relative to the vehicle center 6C (such as shown in Figures 2, 3,
4C, 4D, 4E).

[00123] The third point, load center 1000C, marks the approximate center of a typical
unit load after acquisition. The prevailing use of standard size pallets causes the load handling
mechanism center and load center to be closely matched.

[00124] The close proximity of the center of a particular load to the center of the forks
1000C is made possible by knowing type and size of unit loads transported, the type of
conveying vehicle, the vehicle physical parameters, the load handling mechanism design, and so
on. Unit loads commonly found in warchouses and distribution centers are supported by wooden
pallets, plastic totes, or other ubiquitous carriers that have standardized dimensions. For
example, about two billion pallets are in use in the U.S. and a large percentage of them are wood
pallets measuring forty inches by forty eight inches. A load on board a standard pallet, when
fully acquired by a conveying vehicle, will have its center 1000C within just a few inches of the
fork center.

[00125] FIGs. 2A through 2C and 4A through 4E depict alternative conveying vehicles
and illustrate the location of key points and sensors on each vehicle. FIGs. 2A and 4A show a
reach truck 6R with scissor extension 11S1 withdrawn, so that the load handling mechanism is
close to the vehicle body. A fork extension sensor 17X is mounted on the vehicle body and
measures the distance between the vehicle and load backrest. This sensor is chosen to be similar
to the load detection sensor 18 and lift height sensor 17Z, measuring the fork extension distance
with time-of-flight optics. Datum point 6D (FIG. 4A) is therefore also close to the vehicle body.

[00126] FIGs. 2B and 4B depict the same vehicle with scissor extension fully extended
in position 1152, thereby moving points 6D, 1000C forward and away from the vehicle body.
Consequently, dimensions 6DX and 1000CX are greater than when the scissors were withdrawn,
and the load detection sensor 18 is moved forward along with the load handling mechanism.

[00127] FIGs. 4C, 4D, and 4E depict a “turret truck”, which provides fork rotation
(orientation) and fork translation (Y axis) as well as lift (Z axis). Figure 4C illustrates a fork

translation sensor (string potentiometer) 17Y affixed to the truck body, with string attached to
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the load handling mechanism. Fork rotation sensor 176 (“Seventeen Theta”) is affixed to the
turret (circular apparatus at Point 6D) to measure fork rotational orientation. Points 6D and
1000C, shown in each figure, move relative to the truck body and center point 6C as the load
handling mechanism is shifted from side to side and rotated.

[00128] As best seen in FIGs. 2 and 7, on¢ or more label readers 14, 15 are mounted
on a conveying vehicle 6 to view a unit load 1000, i.e., an asset, as it is acquired or deposited by
the conveying vehicle 6. An optional light source 8 provides illumination of the asset labels to
optimize the label readers’ ability to operate in environments with dark and bright arcas. The
light source may be of conventional types including visible incandescent, infrared, LED, or other
standard commercial types. The sensors automatically find, decode the identity and locate unit
loads that come within the field of view by recognizing a barcode label affixed to each load.
Coded label 30 can be recognized and decoded for one- and two-dimensional barcodes (such as
shown in FIGs. 9A through 9E and Fig. 10) in any orientation. The sensors 14, 15 may employ a
commercial machine vision system such as the Cognex Model 5400. Output data are produced
by an image analysis procedure detailed in FIG. 35 and may be stored in the machine vision
system or transferred to the mobile computer unit 25.

[00129] The label reader sensor 14 preferably runs automatically and continuously,
typically acquiring and analyzing images several times per second. When a recognizable
barcode indicia 30D, 30L (FIGs. 9A, 9C) is found, the sensor decodes the barcode, calculates its
location in pixels within the field of view, and the location in pixels of certain key points on the
barcode. The sensor searches the entire image and performs the calculations for all barcodes
found within the image. Data for all recognized barcodes is output via a standard computer
communication protocol and interface such as Ethernet, RS-232, or USB to mobile computer
unit 25.

[00130] In some embodiments, the label reader sensor 14and the position/orientation
sensor 7 include the following components: 1) a digital image acquisition system, ¢.g., a digital
camera including a lens and optional filter, and image storage system; 2) a digital image
processing system, e.g., a computer processing unit having a storage unit for analyzing digital
images and extracting information from the image; 3) an optional lighting system 8§ to illuminate
the scene to be imaged. The lighting system may be controlled for timing and intensity by the

sensors; 4) stored instructions in the storage unit cause the processing unit to analyze a digital
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image to recognize a barcoded label, to calculate its location and its size; 5) stored instructions
control overall operation of the sensors and cause it to output the information in a standard
computer system interface protocol; 6) stored instructions to set up and configure the sensor for
use in a particular environment and for a particular use; 7) an enclosure suitable for installing the
sensor in mobile industrial environments; and 8) an input/output interface for communicating
with the mobile computer unit 25.

[00131] Each label reader 14, 15 (FIG. 6) is mounted in a generally forward facing
position, in the direction of the vehicle’s load handling mechanism, e.g., to the vehicle front in
FIGs. 4, 4A, 4B and 6; to the vehicle’s left in FIG. 4D, and to the vehicle’s right in /FIG. 4E, to
view loads as they are approached. Depending on the size of the label reader sensor, the type of
load handling mechanism, and other vehicle-specific variables, label readers may be mounted
permanently to the vehicle frame, or they may be mounted to moving apparatus (carriage
equipment) such as the load backrest or forks (FIG. 7). In the latter case the label coordinates are
continuously determined in the coordinates of the load handling mechanism (FIG. 8) and then
translated to vehicle coordinates depending on the dynamic location of the load handling
mechanism. Distance in the X dimension between the vehicle center point 6C and label readers
14 and 15 are shown as dimensions 14X and 15X in FIG. 6. Transverse offsets from the vehicle
centerline 6X along the vehicle Y axis for each label reader are shown as 14Y and 15Y in FIG. 6.

[00132] In most cases, the label reader(s) will ride on the load handling mechanism so
that they move vertically with the forks. FIG. 7 is a perspective view of a conveying vehicle
showing vertical Z offsets 14Z, 15Z of two Label Readers 14 and 15. As illustrated, the Z
offset(s) may be measured from the bottom of the lift mechanism 11. The total Z position is then
the sum of the height of the lift mechanism as measured by lift height sensor 17Z (FIG. 2) and
respective offset 14Z or 15Z. Further, each label reader sensor may be aimed in a direction most
suitable for detecting labels, and three axes of rotation are possible: yaw, roll, and pitch. FIG. 8
illustrates the rotation axes relative to the conveying vehicle 6.

[00133] Machine-readable labels are used for marking fixed assets and non-fixed
assets. They are used in conjunction with the present invention to identify the object to which
they are attached, and to provide indicia that can be readily detected, decoded, and spatially
located. Labels are usually tamper-evident, permanent or frangible and usually contain a

barcode for electronic identification using a machine vision reader or laser-based barcode
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scanner. A typical label that can be used with the present invention serves the dual purpose of
providing a target that can be detected by a label reader sensor, and providing machine-readable
symbols (barcodes) which encode data identifying the asset.

[00134] Labels may be constructed of adhesive backed, pressure sensitive label stock
such as paper or polyester, available from many suppliers. Printing is typically done by direct
thermal or thermal transfer methods. In some cases, indicia are printed directly on the item, such
as a drum or carton using conventional printing methods such as ink jet spray marking, or offset
printing. Although labels may be of any size, the industry standard four-inch by six-inch label
format is chosen for many applications.

[00135] FIG. 9A shows a typical unit load label 30 with two-dimensional matrix
barcode 30D, barcode center point 30C, and human readable text 30T imprinted or affixed to a
label substrate 30A. The substrate may be of paper, polyester, or other common medium, or the
printing may be applied directly to the unit load item.

[00136] FIG. 9B shows a detail of two-dimensional barcode symbol, as it may be
printed on an asset label. Machine vision software determines the three key points of each
barcode symbol upon the symbol’s detection. Points J, K, and L are located at the corners of the
Datamatrix symbol’s finder bars. The symbol center point N is determined to be at the mid-point
of line segment J-K. Line segment J-L is used to determine the size of the symbol in the label
reader’s field of view 14V (FIG. 16).

[00137] FIG. 9C shows a variant of the label 30’ that utilizes a lincar barcode 30L’ as
the indicia. Substrate 30A” supports label 30L’ that contains geometric symbols 30E’ and 30F’.
Human readable text 30T” is included for convenience.

[00138] FIG. 9D details the linear barcode version of a position marker or an asset
label. Geometric shape 2A has center point A; geometric shape 2B has center point B. The mid-
point between A and B indicates the center of the marker (or label), which coincides with the
center of the linear barcode symbol, point C.

[00139] FIG. 9E depicts an alternative one-dimensional barcode useful for a load
identification label. Points E, F, G, and H identifying the four corners of the bar code symbol are
used to calculate the symbol center C.

[00140] FIG. 10 shows a typical asset label 30 incorporating both a two-dimensional

and a one-dimensional barcode. A paper or polyester substrate material is imprinted with two-
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dimensional barcode symbol 30D. In this case, the Datamatrix symbology is chosen for the
barcode symbol. Barcode center 30C is indicated at the middle of the symbol (shown also in
FIG. 9B). Linear barcode 30L is included to facilitate manual scanning with a hand-held
barcode scanner 9 (FIG. 2), and human readable text 30T is included for the convenience of
operations personnel, should either barcode become unreadable.

[00141] Embodiments of the present invention may utilize commercially available
indoor vehicle navigation methods and apparatus, including, but not limited to those described in
U.S. Patent No. 7,845,560 and U.S. Patent Application Serial No. 12/807,325, to determine the
position and orientation of an object — in this case, a conveying vehicle — in a three dimensional
coordinate space. Embodiments of the present invention may also use improved position and
orientation determination methods , including, but not limited to those described in U.S. Patent
Application Serial No. 12/321,836, which teaches how loads may be identified by a label reader
14, which decodes a barcode 30D, 30L imprinted on the load label 30.

[00142] The label reader sensor 14, which is typically placed in the load backrest (11
in FIG. 2) area of a conveying vehicle 6, views in a direction toward the load where unit load
labels 30 are likely to be seen. As it detects a label and tests the label for readability (FIG. 35),
geometric measurements are made to determine the center 30C of the label indicia relative to the
field of view. Using the center position 30C of the label 30 in the field of view and the apparent
size of the label in the image a transformation is made from the label reader’s coordinate system
(pixels) to the vehicle coordinate system. As described, for example, in U.S. Patent No.
7,845,560 and U.S. Patent Application Serial No. 12/807,325, the position and orientation of the
vehicle 6 are also known at that moment in time, allowing a second transformation to take place,
which then produces the three dimensional position of the indicia’s center in the facility’s
coordinate system, i.c., “actual” or “real” space.

[00143] According to one aspect of the invention, a Label Map database is created
comprising the accumulation of data derived from labels read by the label reader(s) 14, 15.
Referring to FIG. 30, label reader(s) 14, 15 on board each conveying vehicle 6 continually read
unit load labels 30 as the vehicles drive within the coordinate space of a facility. As labels 30 are
read, the three-dimensional location (center of indicia 30C) and load identity of each label 30 are
transformed into facility coordinate space and stored in the Local Label Map database in the

memory of the mobile computer 25.
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[00144] The Local Label Map database is stored locally in the memory of the
computer 25 on board each vehicle 6 and/or it may be transmitted wirelessly by communications
links 10 from each roving vehicle 6 to the controller 105 and maintained in the controller
memory. For an individual vehicle, the “Local Label Map” database will contain the identity
and position of only those unit load labels 30 that were seen (detected and decoded) during the
travels of this particular vehicle or were previously downloaded to the mobile computer from the
Global Label Map. In some embodiments, a Global Label Map is maintained in controller 105,
including the accumulation of all unit load label identities and coordinates determined by all
vehicles in the fleet.

[00145] Upon the label reader’s detection of a unit load label and subsequent
calculation of the label’s location in the coordinate space, label data is merged and averaged with
any other data for that label already present in the Label Map database. Averaging improves the
accuracy and reliability of Label Map data.

[00146] According to another aspect of the invention, a virtual space in the shape of a
rectangular cuboid, termed a Targeting Lane 600, the size of which is defined in configuration
parameters within the mobile system, is projected in front of the load handling mechanism or the
lifting mechanism of the vehicle 6 from the load datum point 6D into the virtual space of the
Label Map. The position and orientation of the vehicle are used to define the datum point from
which the projection is made. Preferably, this Targeting Lane 600 is slightly larger than the
height, width, and depth of the typical unit load 1000 for that facility.

[00147] As unit load labels 30 are detected, decoded and located by the label reader(s)
14, 15, they are stored in the Local Label Map. According to another aspect of the invention,
cach label record in the Label Map that has a coordinate position encompassed by the Targeting
Lane is selected as a potential target load. As the vehicle 6 approaches a collection of unit loads
(seen in FIG. 11) a Targeting Lane is defined by mobile computer 25.Unit load labels 30 stored
in the Label Map that lie within the projected Targeting Lane 600 are considered as potential
loads when a vehicle 6 approaches a unit load 1000 (or stack of multiple loads) to convey it.

[00148] As shown in FIG. 17D, a Target Cube 604 is used to discriminate labels of
interest from others that might lie within the Targeting Lane. The discrimination occurs in

lateral (side-to-side, i.¢., along axis 6Y), vertical (i.e., along axis 6Z), and depth (i.e., along axis
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6X) dimensions. The front face of the Target Cube 604 is defined by the label closest to the
vehicle datum point 6D found within the Label Map that falls within the Targeting Lane 600.

[00149] FIGs. 11 through 24 illustrate a system utilizing a single label reader. FIGs.
11,12, 13, and 14 show a sequence of views. FIG. 11 shows the parameters that are used to
define the Targeting Lane600. The face nearest the conveying vehicle is defined by distance
Targeting Lane 600X 1 from the Y axis through the lifting device datum 6D (see FIG. 7). The
face farthest from the conveying vehicle is defined by distance Targeting Lane 600X2. Lateral
sides of the lane are defined by distances Targeting Lane 600Y 1, Targeting Lane 600Y2, from
the X axis of the vehicle. The bottom of the Targeting Lane 600 is defined by distance 600Z1
and the top of the Targeting Lane 600 is defined by distance 600Z2. Thus, the Targeting Lane is
a rectangular cube having six (6) planar faces and eight (8) corner points, each corner point being
defined in three dimensions in facility coordinates. All corner points are determined by the
horizontal position (X, Y) of the conveying vehicle 6 and the elevation (Z) and rotational
orientation (©) (e.g. 170 in FIG. 4C) of the load handling mechanism 11. Thus, the targeting
Lane 600 has an X-dimension of 600X2 - 600X1, a Y- dimension of 600Y2 + 600Y1, and a Z-
dimension of 600Z2 - 600Z1.

[00150] FIG. 12 shows a manned conveying vehicle 6M approaching a stack of unit
loads 1000 where some unit loads lie within the Targeting Lane 600. While all loads are too
distant to be acquired by the vehicle, several labels and one load center are present in the
Targeting Lane. The Targeting Lane 600 may be adjusted laterally to accommodate the
positioning of the labels on the unit loads 1000. It should be appreciated that separate Targeting
Lanes may be defined for discriminating the Label Map and for discriminating the Load Map.

[00151] FIG. 13 shows the field of view 14V of a single Label Reader sensor 14,
which is mounted on the conveying vehicle. The field of view encompasses several unit load
labels (not visible in the diagram) in the unit load stack.

[00152] FIG. 14 shows the single label reader 14 field of view 14V encompassing six
labels of unit loads 1000, with the labels visible in the diagram. Load 1000B is the item of
interest as the vehicle approaches the stack. Label reader 14 has only a single view 14V. 14V1
indicates where the view 14V encompasses the nearest stack of loads. 14V2 indicates where the

view 14V encompasses the farthest stack of loads.
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[00153] FIG. 15 shows vectors from the label reader 14 to each of the labels 30A, 30B,
30C, 30D, 30E, 30F within the field of view. The direction of each vector is used to determine
the position of each label relative to the label reader 14 and thus the position of each label
relative to the conveying vehicle 6. Since the position of the conveying vehicle 6 is known, thus
the position of each label is known within the facility coordinates.

[00154] FIG. 16 shows an image seen by the label reader 14 showing loads 1000A
through 1000F identified by respective labels 30A, 30B, 30C, 30D, 30E, 30F at one instance in
time. It should be noted that FIG. 16 shows that labels of different sizes can be accommodated.
For example, a special identifying character may be incorporated to identify the label size.

[00155] FIG. 17 is a “real space” depiction of a conveying vehicle approaching a
plurality of unit loads 1000. Targeting Lane 600 encompasses two loads 1000G, 1000H in the
lane. In this instance, load 1000H is behind load 1000G. The Targeting Lane, which exists only
in virtual space, is indicated by the dash-dot-dot line. Targeting Lane dimensions and proximity
to the vehicle are defined in the mobile computer memory, based on system configuration
parameters and the current position and orientation of the conveying vehicle. The Targeting
Lane discriminates loads 1000G and 1000H, which lie within the lane, from other nearby loads.

[00156] FIGs. 17A through 17F show a sequence of events as a vehicle approaches
and acquires a load. FIG. 17A depicts label center positions 30C-G for unit load 1000G, and
30C-H for load 1000H. These label positions were stored in the Local Label Map prior to the
present moment, and were determined by the mobile computer to lie within the Targeting Lane
600. Load centers, which describe load positions and orientations 1000C-G and 1000C-H are
shown as X, Y, and Z coordinates (illustrated by small dotted axes). These points were stored in
the Local Load Map prior to the present moment, and are determined to lie within the Targeting
Lane as defined in conjunction with the Load Map.

[00157] FIG. 17B shows Label Map virtual space (e.g., computer memory), wherein
the two labels of interest 30C-G and 30C-H lie within the Targeting Lane 600. Label Map data
for labels that lie outside the Targeting Lane are ignored.

[00158] FIG. 17C shows Load map virtual space with the centers 1000C-G and
1000C-H of two unit loads of interest lying within the Targeting Lane 600. All other data for

load centers that lie outside the Targeting Lane are ignored.
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[00159] FIG. 17D is a “real space” rendering of the conveying vehicle showing Target
Cube 604 encompassing only unit load 1000G. The Target Cube 604 is created in virtual space
by the mobile computer, which calculates the proximity of loads 1000G and 1000H to the
vehicle; then accepts the closest load 1000G as the load to be acquired. This can be done in
cither or both the Label Map or the Load Map or a mathematical union of both Maps.

[00160] FIG. 17E depicts Target Cube 604 in virtual space. It lies within the
Targeting Lane 600, but restricts its X dimension (Targeting Lane depth) to encompass just load
1000G space. The X dimension restriction may be defined by the average size of loads in this
particular facility and transported by this particular type of conveying vehicle.

[00161] FIG. 17F shows the Target Cube 604 encompassing load 1000G and
discriminating out load 1000H as the conveying vehicle acquires load 1000G. The Local Load
Map can be updated the moment the load detection sensor signals LOAD ON (load has been
acquired). When the load is deposited at LOAD OFF the Load Map must be updated to indicate
the new load location.

[00162] According to yet another aspect, the present invention tracks the movement of
assets that are displaced from their stored position when the conveying vehicle pushes the stored
asset while conveying another asset. In this special case, assets that are not being conveyed may
also be tracked.

[00163] In practice, empty storage locations may not always be accessible. For
example, a load may be haphazardly deposited in an aisle or a temporary holding area for the
convenience of the operator. FIGs. 18A through 18E show a sequence of events as a vehicle
transporting a load approaches a desired storage location. FIG. 18A shows vehicle 6M
approaching a desired storage location access to which is blocked by load 1000H, which had
been deposited in the aisle. The Storage Locations are defined by Aisle Lines and Storage
Location Separator Lines, shown as typically painted on the floor. The operator decides to push
load 1000H into the available storage location and deposit load 1000G in the current location of
1000H. To report both transports correctly, the system recognizes that two objects cannot
occupy the same space; therefore, load 1000G will contact load 1000H and both will move
forward simultaneously. Since the system knows the approximate dimensions of load 1000G
(based on pallet X and Y dimensions, i.¢., the average or nominal load dimensions), the blocking

load 1000H resting position will be displaced by approximately the X dimension of load 1000G.
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In FIG. 18B, the transported load 1000G makes contact with the blocking load 1000H. FIG. 18C
shows the vehicle transporting 1000G while pushing blocking load 1000H into the desired
storage location. FIG. 18D shows the vehicle moving the transported load 1000G slightly away
from the blocking load 1000H as the transported load 1000G is being deposited. FIG. 18E
shows the vehicle backing away from the deposited load 1000G. The Local Label Map and
Local Load Map are updated for the locations and orientations of loads 1000H and 1000G upon
deposition of load 1000G.

[00164] In practice, the pushed load can either be relocated within the Load Map or
can be deleted from the Load Map so that it must be re-identified the next time it is acquired. In
a similar manner, loads that have been moved by non-equipped vehicles can be deleted from the
Load Map when a conveying vehicle detects that the load has been moved. In such instances the
conveying vehicle must re-identify the load.

[00165] A similar case may occur in rack storage, where an item stored in the location
nearest the aisle on a multi-depth rack may be displaced and tracked by the system when a
conveyed item pushes the stored item to a deeper storage location.

[00166] FIG. 19 shows the interaction of the Targeting Lane 600 with a load 1000J
stacked on top of another load 1000K. Since the target lane in this case is tied to the load datum
point which has risen with the forks, the load 1000K is not included in the target lane and
therefore not included as part of the target load. FIG. 20 shows the location of a Target Cube
606 after detection of the desired label on the top load 10001J.

[00167] FIG. 21 shows the interaction of the Targeting Lane600 with multiple unit
loads 1000J, 1000K, 1000L, where loads 1000J, 1000K are stacked vertically and load 1000L
lies behind load 1000K. In this case, the conveying vehicle is instructed to transport two loads
stacked vertically. The Targeting Lane 600 is defined with sufficient height (Z dimension) to
allow two loads to be encompassed. Targeting Lane height (60022 - 600Z1), as described before
in conjunction with FIG. 11, is measured from the load datum point 6D (obscured by vehicle 6M
in this view, see Figs. 17B, 17C, 17E ) defined by the current position (real location) and
rotational orientation of the vehicle 6M.

[00168] FIG. 22 shows the creation of a Target Cube 608 that includes both loads
1000J, 1000K one stacked atop the other. The Target Cube face is defined by the nearest label to
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the vehicle in the Label Map and extends just beyond loads 1000J and 1000K thus discriminating
out load 1000L.

[00169] FIG. 23 shows a widened Targeting Lane 600 to accommodate the
simultaneous transport of side-by-side loads 1000M, 1000N. Figure 24 shows the creation of a
Target Cube 610 surrounding two side-by-side loads 1000M, 1000N that are to be
simultaneously transported by a conveying vehicle 6. The Target Cube width (Y dimension) is
defined to accommodate twice the average load width, and just one average height. In a similar
manner, targeting could be defined in a manner to accommodate two-deep loads on the forks or
other potential load geometries.

[00170] The three dimensional location of the center 1000C of a unit load may be
determined at the moment that the load is acquired by the conveying vehicle 6. The flow chart in
FIG. 26 shows this process. Configuration parameters are established for each vehicle such that
the distance 1000CX from the center of the vehicle 6C to the center of the load 1000C carrying
apparatus is a known constant (see FIG. 4). The vehicle 6 can only support and safely transport a
load 1000 if the load is properly positioned on the load handling mechanism 11 (FIG. 2);
therefore, the distance and direction between the load datum 6D and load center 1000C are
nearly constant. The load location is calculated using geometry from the location and orientation
of the load datum 6D relative to vehicle center 6C and the location and orientation of the vehicle
6 transformed into facility coordinates, and stored in the Load Map database in the mobile
computer 25 or wirelessly transmitted by the communications unit 10 to the system controller
105.

[00171] In an alternative embodiment, the step of reading labels and creating the Label
Map may be omitted. A Load Map is created by the vehicle operator first identifying an asset
from the identifying indicia and storing the identity of the asset. The operator then approaches
the identified item with a conveying vehicle until the load detecting device detects the item. The
position and the orientation of the item within the facility are determined using the normal
(average or nominal) size of the item, the position of the load detecting device on the lifting
mechanism on the vehicle, the position of the center of the vehicle and the orientation of the
directional axis of the vehicle, the position and the orientation of the item within the facility are
determined. The position and directional orientation of the item within the facility is stored in a

database, called a Local Load Map, in the memory in the computer. In this embodiment, the
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Targeting Lane would be used exclusively with the Load Map to target and discriminate
potential loads.

[00172] Referring to FIG. 25, the overall process begins 25-1 with the establishment of
variables, called configuration parameters that are used by the mobile computer system 25 on
cach conveying vehicle 6. Configuration parameters 25-18 are determined at the time of system
installation on the conveying vehicle 6. The parameters are stored in memory of mobile
computer 25. The configuration parameters may differ from vehicle to vehicle, depending on the
style of vehicle, its dimensions and load handling devices. For example, counterbalanced
forklifts, reach trucks, turret trucks, and order picking trucks and different models within these
types of trucks will likely have different configuration parameters. The configuration parameters
may also contain multiple entries depending on classes or types of loads being handled, where
cach load class or load type has a unique form factor or dimensions. In this situation, a facility
may handle loads of several pallet sizes or multiple stack configurations such as side-by-side
pallets.

[00173] There are several key points on each vehicle; the vehicle center 6C, the load
center, i.¢., fork center 1000C, and the load datum, 6D (see e.g., FIG. 4). Dimensions between
the vehicle center 6C and the other points are typically measured in convenient units such as
inches or centimeters. Once the position/orientation sensor 7 is installed, its position offset 7X
and 7Y relative to the vehicle center 6C are recorded in step 25-2 as data 25-3 in a System
Configuration Parameter file 25-18. The position/orientation sensor 7 rotation angle relative to
the X-axis of the conveying vehicle (see e.g., FIG. 5) is established in step 25-4 and stored 25-5
in System Configuration Parameter file 25-18. The position and rotation sensor is typically
installed at a rotation angle 7R1 (zero degrees), 7R2 (90 degrees), 7R3 (180 degrees), 7R4 (270
degrees) from the X-axis, or centerline, 6X of the conveying vehicle. This is shown in FIG. 5.

[00174] The load datum 6D is a point which defines the static offset of the load
handling mechanism (forks, clamps, slipsheet, etc.) relative to the center of the vehicle. It is
measured relative to vehicle center point 6C in step 25-6 and stored 25-7. This point marks the
closest position to the vehicle center 6C, and to the floor, that a load can be held when acquired.
The dynamic location of the load datum 6D is determined constantly by applying the sensor
measurements 17X, 17Y, 17Z, 170 which define the mechanical motion of the load handling
mechanism relative to the vehicle center 6C (such as shown in FIGs. 4C, 4D, 4E). The third
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point, load center 1000C, marks the approximate center of a typical unit load 1000 after
acquisition by a vehicle 6. The load location is measured in step 25-8 and stored 25-9.

[00175] Each label reader 14, 15 (see e.g., FIG. 6) generally faces the direction of
motion of the vehicle’s load handling mechanism to view loads as they are acquired. Depending
on the size of the label reader sensor 14, 15, the type of load handling mechanism, and other
vehicle-specific variables, label readers may be mounted permanently to the vehicle frame, or
they may be mounted to the movable load handling mechanism 11 (carriage equipment / lift
mechanism) such as the load backrest or forks (see ¢.g., FIG. 7). In most cases, the label
reader(s) 14, 15 are mounted on the movable load handling mechanism 11 and thus move with
the load handling mechanism 11 and remain constant in position and orientation relative to the
load handling mechanism 11 and load datum 6D. The X, Y, and Z positions of each label reader
14, 15 relative to its reference point, either vehicle center 6C or load datum 6D, are measured
and recorded in step 25-10 and stored 25-11 in the System Configuration Parameter file 25-18.
Each label reader may be aimed in a direction most suitable for detecting labels. Three axes of
rotation are possible: yaw, roll, and pitch. Figures 7 and 8 illustrate the rotation axes relative to
the conveying vehicle 6. As with label reader’s X, Y, and Z positions, the orientation of each
label reader is measured 25-12 after installation, and the yaw, roll, and pitch angles 25-13 are
recorded in the System Configuration Parameter file 25-18.

[00176] The establishment of typical unit load dimensions 25-15 is done in step 25-14.
As an example, a food distribution facility may store palletized cartons of food product that are
transported on industry-standard 40-inch by 48-inch pallets. Regardless of the unit load height,
the X, Y center of the load will be the same for any load using the standard pallet. As shown in
FIG 4, load center 1000C, which lies approximately half a fork length forward of point 6D,
establishes the center of the load 1000 at the time the load is fully engaged by the forks. A time-
of-flight load detection sensor can also be used to determine the exact load center at time of
deposition.

[00177] The next step in the configuration is the establishment of label size 25-17.
This is done in step 25-16. This dimension is shown as dimension J-L in FIG. 9B for matrix
barcode labels, and as dimension D in FIG. 9D. It is a standard practice to use labels of a single
size for a given facility. In the case where labels or their barcodes vary from item to item, a

look-up table is stored in the Controller 105 or the host system in order to correlate label
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identification with label size. Similarly, the Unit Load dimensions may be stored in a look-up
table in the Controller 105.

[00178] Parameters 600X1, 600X2, 600Y 1, 600Y2, 600Z1, 600Z2, arc established 25-
19 and stored 25-20as data for use in projecting the Targeting Lane. Parameters 600X1, 600X2,
600Y1, 600Y2, 60021, 600Z2 may be defined differently depending on whether the Label Map
or the Load Map is being used. Optical imaging parameters that relate image pixels to units of
measure are configured 25-21 and stored 25-22. The process ends at step 25-23.

[00179] FIG. 26 shows the process steps that occur for the formation of the Label Map
and Load Map within mobile computer 25. Raw position and orientation data 26-1 generated by
the position/orientation sensor 7 is sent to the mobile computer in step 26-2. This typically
occurs several times per second. Raw position and orientation data are transformed in step 26-3
into facility coordinates to establish the vehicle position and orientation (vehicle heading) 26-4
using configuration parameters retrieved from the System Configuration Parameter file 25-18.
The vehicle’s location and orientation are transmitted wirelessly to the system controller 26-5.

[00180] The lift height sensor 17Z (see e.g., FIG. 2) provides an indication of lift
height above the floor, and its data is accepted by the computer in step 26-10 and transformed
into facility units, typically inches or centimeters 26-11. The load handling mechanism height
above floor (distance 14Z) is made available as data 26-12.

[00181] Label reader data is received by the mobile computer 26-6 and transformed
into label ID’s and label positions in the vehicle coordinate system 26-7, again using
configuration parameters from file 25-18. FIG. 7 shows the vehicle coordinate reference system
6X, 6Y, and 6Z relative to the load datum 6D and the vehicle center 6C (best seen in FIGs. 4 and
6).The details of this process are shown in FIG. 35 and will be described below. Label positions
in vehicle coordinates are transformed into facility coordinates 26-8, and the label position and
ID are available in 26-9.

[00182] The load detection sensor 18 (see e.g., FIG. 2) provides an indication that a
load 1000 is being acquired or deposited. The load detection sensor 18 may generate a digital
signal (Load / No Load) or an analog signal indicating the distance between the sensor 18 and
the load 1000. The preferred embodiment uses an analog load detection sensor 18 that
constantly measures the distance between the sensor 18 and the load 1000. A load is determined

to be on board when that distance is less than a predetermined value, typically a few centimeters
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or inches. In either case, the relative position of the load 1000 to the vehicle (load datum 6D)
must be defined to detect these events, and the parameters are established at the system start.
Load ON and Load OFF events therefore become digital, regardless of the sensor type.

[00183] Load detection sensor data is received 26-13 and tested 26-14 to determine
whether the signal indicates a Load ON event. If a Load ON is indicated (26-14, Yes), a
message is transmitted 26-15 to the controller 105 that a Load ON event has occurred 26-21.
The message also contains the Load ID.

[00184] If a Load ON event is not detected, (26-14, No) a test is made 26-16 to
determine whether the load detection signal indicates a Load OFF event. If a Load OFF event is
not detected (26-16, No), control is returned 26-20 to the process START. If a Load OFF event
has occurred (26-16, Yes), the vehicle position and orientation 26-4 are used to calculate the load
position and orientation 26-17, which are available along with load ID 26-18.A Load OFF event
26-22, Load ID, and Load Position and Orientation message is transmitted 26-19 to the
Controller 105 and control is returned 26-20 to the process START.

[00185] A Local Label Map 27-3 is created in FIG. 27 using label position and ID data
26-9 (FI1G. 26). The Label Map is a database containing all label position and ID data
accumulated by the mobile computer 25 on vehicle 6 plus any label position and ID data
downloaded from the system controller 105. The Local Label Map is updated each time a label
is decoded and the label’s position is determined. This can occur many times each second,
especially as a vehicle approaches a load.

[00186] As cach label is read and label position and ID data 26-9 are received by the
mobile computer 25, the Local Label Map 27-3 is interrogated 27-1 to determine if that
particular label ID already exists within the Local Label Map. If not (27-4, No) the label ID and
position in facility coordinates are entered into the Label Map database 27-3, which is within the
memory 27-2 of the mobile computer 25 (FIGs. 1, 2, 3). If a label ID is present in the Local
Label Map database (27-4, Yes), then the new position is averaged 27-5 with other position data
already in the Local Label Map to improve the positional accuracy for that label. In so doing, the
Local Label Map database can accept a large number of label position entries, and each entry
causes the averaged position for that label to become more accurate. The example of FIG. 29
will illustrate the averaging process. When a load is moved (triggered by a Load ON event 26-
21) the Local Label Map 27-3 and Local Load Map 27-8 are cleared of data 27-14 for this
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particular Load ID. The label reading and averaging process continues again after a Load OFF
event.

[00187] In a similar fashion, a Local Load Map 27-8 is created containing all entries of
load ID, position, and orientation. When a Load OFF event occurs 26-22, the Load Map 27-8 is
interrogated 27-7 to determine if the load with that particular ID (gained from reading and
decoding the label) exists within the Local Load Map database. If not (27-9, No) then the load
ID, position, and orientation data are added 27-11 to the Local Load Map database 27-8.1f data
does exist within the Local Load Map database for that particular load ID (27-9, Yes), then the
Load Map entry for that item (Load ID, Position, Orientation) is replaced 27-10. The load
position and orientation data for an identified load 1000 are therefore updated with each
occurrence of a Load OFF event.

[00188] The above process continues with the reading and decoding of each load label
indicia. The mobile computer 25 on each conveying vehicle 6 therefore accumulates a large
amount of data for label positions and load positions as it travels within the facility acquiring and
depositing loads 1000. Since other conveying vehicles are performing similar functions, there is
benefit to sharing the data, and this takes place simultancously with the above process. A
wireless network device 10 (FIG.1) receives data 27-12 from the Local Label Map 27-3 and
Local Load Map 27-8, and transmits it to the system controller 105 (FIG.1). As described in
FIG. 28, the controller 105 contains a Global Label Map and a Global Load Map that can be
queried via the wireless network device 10 by vehicles to augment their Local Label and Load
Maps. The process of transmitting Local Label Map data and Local Load Map data to the
controller, and receiving Global Label Map data and Global Load Map data from the controller
provides synchronism between mobile computer data and Controller computer data, so that
Label Map and Load Map information can be shared by multiple vehicles.

[00189] A similar process occurs on the Controller computer 105, as detailed in FIG.
28. Global Label Map 28-3 and Global Load Map 28-8 are created as databases in the memory
28-2 of the Controller 105. Label position and ID data 26-9 and load position and ID data 26-18
and Load OFF event data 26-22 are received 28-13 from each mobile computer 25 via the
wireless network 10. As each data transmission arrives, label positions and ID’s are used to
search 28-1 the Label Map 28-3 to determine if that particular label ID already exists within the
Label Map 28-4. If not (28-4, No) the label ID and position in facility coordinates are entered
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28-6 into the Global Label Map 28-3. If a label ID is present in the Global Label Map (28-4,
Yes), then the new entry is averaged 28-5 with other position entries to improve the positional
accuracy for that label.

[00190] Global Load Map 28-8 contains all entries of load ID, position, and
orientation gathered from all conveying vehicles. The Global Load Map 28-8 is searched 28-7 to
determine if the Load ID 26-18 already exists within the Global Load Map database 28-9. If not
(28-9, No) then the data is added 28-11 to the Global Load Map database 28-8.1f a Load ID does
exist within the Global Load Map database for that particular load ID (28-9, Yes), then the
Global Load Map entry for the item having that Load ID is replaced 28-10. The Global Label
Map and Global Load Map are cleared 28-14 ecach time a Load ON event 26-21 occurs. The
load ID and position data in the Global Load Map are therefore updated with each occurrence of
a Load OFF event for each vehicle 6 in the fleet.

[00191] FIG. 29 illustrates the populating of data into the Global Label Map. Label
Positions (locations in facility coordinates) and ID’s 26-9 arrive via the wireless network as
described above. Each record is stored in the Label Map database in X, Y, and Z coordinates
and each record is time stamped by the Controller 105. The example shows a Label Position and
ID 26-9A received from Vehicle X at time 10-16-08:30 (October 16th at 8:30 am). The label ID
is 123456, and its coordinates are X 120.2 feet east, Y 45.1 feet north, and an elevation of Z 0.9
feet above the floor. This is shown pictorially in FIG. 31 as the position of item 1000B in
storage location BS. The Global Label Map 28-3A in the Controller (FIG. 29) stores the
identical data record as the Average, as there were no previous occurrences of Label ID 123456
in the Label Map. The data are then transmitted 28-12A (FIG. 29) through the network to all
vehicles.

[00192] Vehicle Y sends a position and ID 26-9B for the same item (Label ID 123456)
to the Controller at 11:41 the same day, and the data becomes a second record in the Global
Label Map 28-3B. This data is averaged with the previous record to yield an average position
for this label at X 120.1 feet cast, Y 45.2 feet north, and an clevation of Z 0.9 feet above the
floor. The averaged data is then available to be transmitted 28-12B to all vehicles.

[00193] Vehicle Z sends the position 26-9C of the same item on 10-17 at 21:15,
creating a third entry in the Global Label Map database 28-3C for Label ID 123456. The

average is again calculated, stored 28-3C, and transmitted 28-12C to all vehicles.
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[00194] In the example, vehicle 106 is dispatched (typically by the host system,
facility manager or vehicle operator) to remove a load identified by Label ID 123456 from its
storage location and place it in a new position. As the vehicle approaches, label reads are
accumulated and stored within the Label Map. The Targeting Lane is used to target and
discriminate the Load with Label ID 123456. At Load ON event 26-21, all position data for
Label ID 123456 is cleared 29-1 from the Label Map in memory. Vehicle 106 has now acquired
the item for conveyance and proceeds to move the item to a new location. As it deposits the item
a Load OFF event 26-22 occurs, adding a new location for the Load ID 123456 to the Load Map
28-8C at location X 100.3 feet cast, Y 115.7 feet north, and elevation Z 0.0 feet. As the vehicle
106 backs away, new label reads might add 28-3D new Label ID 123456 positions to the Label
Map. This takes place at 13:30 on October 18, and is shown on Figure 31 as Time t2. The new
label position data is available to be transmitted 28-12D to all vehicles.

[00195] FIG. 30 shows data flowing into and out from the Global Load Map in the
Controller 105. Load position data 26-18A arrives via the wireless network from an unidentified
vehicle on October 18™ at 13:30, leaving the load center at position X 120.2 feet east, Y 45.3 feet
north, an elevation of Z 0.0 feet, and orientation of 6 181 degrees in bulk storage area B8. These
data are recorded in the Load Map 28-8A.As shown on FIG. 29, vehicle 106 is dispatched to
acquire the load identified by Label ID 123456 and relocate it. At the Load OFF event for
vehicle 106, the item’s new position 26-18B is X 100.3 feet east, Y 115.7 feet north, elevation Z
0.0, and orientation of 0 88 degrees. This takes place at 16:55 on October 21 and the data are
stored in Load Map 28-8B.

[00196] The next move is performed by vehicle 107, which is dispatched to acquire
the load identified by Label ID 123456 and deposit it in rack B10, position 8. At load OFF
event, vehicle 107 sends data 26-18C to the Controller Load Map 28-8C that the item has been
deposited at location X 318.3 feet east, Y 62.9 feet north, elevation Z 0.0, and orientation 6 271
degrees. This move is done at 17:10 hours on October 21.

[00197] Each time the Global Load Map in the Controller is updated, new data are
available to each mobile computer 25 on each vehicle in the fleet. Each vehicle would typically
request data for the vicinity of its current location and its current destination. This is shown in

FIG. 30 blocks 28-12E, 28-12F, and 28-12G.
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[00198] The purpose of creating Label Maps and Load Maps becomes clear when a
vehicle is about to acquire a load. A virtual volume of space called the Targeting Lane 600 (best
seen in FIG. 11) is defined in three dimensions in front of the load datum point 6D of a vehicle 6.
The Targeting Lane is typically of a rectangular cuboid shape, whose size is defined by
parameters 600X1, 600X2, 600Y1, 600Y2, 600Z1, 600Z2 in the System Configuration
Parameters file 25-18. The Targeting Lane 600 defines a volume to encompass one or more
loads 1000 of the typical (nominal) size. The Targeting Lane dimensions are set under software
control and can be modified by the system operator to accommodate loads of different
dimensions.

[00199] Targeting Lane boundaries are typically set to encompass in the Y and Z
ordinates the outside dimensions of the loads being conveyed. For example, if single item loads
are being conveyed as in FIGs. 18, 19, and 20, the Targeting Lane boundaries would be set to
encompass the typical Y (item width) and Z (item height) dimensions of those items. The
Targeting Lane X dimension is always set to be larger than the typical depth of conveyed items
so that items can be detected at a distance. In the situation where multiple unit loads (multiple
items), are to be conveyed, the Targeting Lane can be created wider (increased Y dimension as in
FIGs. 23 and 24) for side-by-side loads, or increased in the Z dimension (FIGs. 21 and 22) for
vertically stacked items. Identities of labels or loads that fall within the Targeting Lane are
identified to the driver via the driver interface 26 (FIG. 2) as potential loads or “targets”. Labels
that may lie within the field of view of one or more label readers are not identified to the driver
as targets. Thus, the Targeting Lane discriminates between unit loads that may lie to the left,
right, above or below the nearest load, from potential loads in the vicinity of the load(s) being
acquired. Once a load is determined to be within the Targeting Lane a Target Cube is defined
using the label position as the face of the Target Cube or the load position as the center of the
Target Cube. A depth is assigned to the cube by configuration parameters which may be based
on the class or type of the load. Any loads that fall beyond the depth of the Target Cube are not
included as targets, thereby excluding label or load identities within the Map which fall within
the Targeting Lane but lie behind the target load.

[00200] The Targeting Lane and Target Cube may be configured differently for the

Label Map and Load Map based on the relative positions of labels versus load centers.
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[00201] A system may use Label Maps or Load Maps, a combination of both or a
mathematical union of both. For example, a system may use a Load Map without a Label Map
in this case when the Load Map is populated as loads arrive at the facility and are initially
identified by any means and the data are then added to the Global Load Map in the Controller.
Load identification may be done at the time of load arrival by an operator who enters information
by keyboard, voice, barcode scanner, or any other data entry means. The conveying vehicle then
acquires the load, whose identification is already known, and conveys it to a storage location,
which records an entry in the Local (and/or Global) Load Map. The next time a vehicle
approaches this particular load, the load can be automatically included as a target due to its
identification, location, and orientation data existing within the Load Map.

Example

[00202] FIGs. 29 and 30 show examples of the Label Map and Load Map for the
Example illustrated in FIGs. 31 and 32. FIGs. 31 and 32 illustrate a map of a warchouse during
the transfer of a load from a first storage location to a second storage location using two
conveying vehicles 106, 107. Two manned vehicles 106 and 107 are shown. A plurality of
obstructions B1 through B11 (which may be storage racks or building structure) and an office
arca B12 are shown.

[00203] Preparatory to commencing warchouse operations a map of the coordinate
space (i.c., the warechouse) is created to determine allowable travel routes for vehicles, locations
of obstacles within the coordinate space, and practical names for storage locations. The map of
the coordinate space is stored within the memory in the controller (computer 105 in the office
arca). One suitable way for creation of the map of the coordinate space is described in U.S.
Patent Application Serial No. 12/807,325.

[00204] In this example the system has knowledge that vehicle 106 is initially at
position 106(t0) and that vehicle 107 is at position 107(t0). The vehicle operator receives a
request through the operator interface unit 26, perhaps from a warchouse management software
system or from a warchouse manager, to move a load 1000B from bulk storage arca BS to
position 8 on Rack B10. Initially load 1000B, having a label ID 123456, is at coordinate position
X 120.2,Y 45.3, Z 0.8, and rotational orientation 0 181 degrees. The operator of vehicle 106
starts the vehicle moving along path P1 indicated by the dashed line. Typically, one second (or

less) later, the position/orientation sensor 7 on vehicle 106 determines a new position and
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rotational orientation of the vehicle 106. The sequence of position and rotational orientation
determination is repeated until the vehicle 106 arrives 106(t1) at the load to be moved (load
1000B in bulk storage arcaB8 at 180 degrees). As the vehicle moves, a Targeting Lane 600 is
defined in computer memory (as though it were projected in front of the vehicle) in front of the
load datum point of vehicle 106 (as illustrated in FIG. 11). As the operator maneuvers the
vehicle 106 toward the desired load 1000B the label reader 14 of vehicle 106 continuously reads
the labels in view and the label positions and identities are mapped into the Local Label Map.
As the operator maneuvers the vehicle 106 closer to the desired load 1000B the Targeting Lane
will align so that load 1000B is identified to be within the Targeting Lane. When the label 30B
(label ID 123456, shown in FIG. 16) on the load of interest 1000B has been identified as within
the Targeting Lane, a Target Cube 604 (FIG. 18) is created to discriminate the load 1000B. As
the vehicle operator engages the load with the lift mechanism to acquire the load 1000B, the load
detection device 18 indicates a Load ON event. The operator raises the lift mechanism 11 and
backs away from rack B8 along path P2. Once the load has been acquired the sequence of
vehicle position and rotational orientation determination is repeated until the vehicle 106 arrives
at the transfer location (X 100.3, Y 115.7, Z 0.0, 0 88 degrees) at 106(t2). The vehicle 106
lowers the lift mechanism 11 and deposits the load 1000B. As the vehicle 106 backs away a
Load OFF event is generated by the load detection device 18. At Load OFF (date-time 10-21-
16:55 in FIG. 30) the Global Load Map 28-8B is updated, indicating the current position and
orientation of the load 1000B. After depositing the load 1000B, the operator mancuvers vehicle
106 back to a parking position 106(t3-t5) (see FIG, 32).

[00205] As shown in FIG. 32, the vehicle 107 is dispatched to acquire load 1000B and
deposit the load at the destination position 8 of rack B10. The operator of vehicle 107(t3) starts
the vehicle moving along path P3 indicated by the dashed line. Typically, one second (or less)
later, the position/orientation sensor 7 on vehicle 107 determines a new position and rotational
orientation of the vehicle 107. The sequence of position and rotational orientation determination
is repeated until the vehicle 107 arrives 107(t4) at load 1000B in the aisle between B4 and B8 (X
100.3, Y 115.7, Z 0.0, 6 88 degrees). As the vehicle 107 moves a Targeting Lane600 is
projected in front of the vehicle 107 (as illustrated in FIGs. 17, 17A). As the operator maneuvers
the vehicle 107 toward the desired load 1000B the label reader 14 continuously reads the labels
in view, discriminating those labels in the Targeting Lane 600. When the label 30B (label ID
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123456) on the load of interest 1000B has been detected a Target Cube 604 (FIG.17D) is created
to discriminate the load 1000B. As the vehicle operator approaches to pick up the load 1000B
the load detection device 18 indicates a Load ON condition. The operator raises the lift
mechanism 11 and transports the load along path P4. Once the load is picked up the sequence of
position and rotational orientation determination is repeated until the vehicle 107 arrives at the
destination location (X 318.3,Y 62.9, Z 0.0, 0 271 degrees) at 107(t5). The vehicle 107 lowers
the lift mechanism 11 and deposits the load 1000B. As the vehicle 106 backs away a Load OFF
condition is generated by the load detection device 18. At Load OFF (date-time 10-21-17:10 in
FIG. 30) the Load Map is updated 28-8C, indicating the current position and orientation of the
load 1000B.

[00206] As vehicles 6 move about the facility, the Targeting Lane 600 “moves” (i.e., is
continuously recalculated) with each vehicle. The Label Map and Load Map are periodically
interrogated to determine if either database has entries with position coordinates that fall within
the boundaries of the Targeting Lane. This may occur at a rate of several times per second,
depending on vehicle speed and system capability. When a label record is detected in the Label
Map, or a load record is detected in the Load Map that lies within the Targeting Lane, the label
ID’s and/or the load IDs are recognized as potential loads for this vehicle.

[00207] A Target Cube, such as 604 in FIG. 17D, is created upon the detection of a
potential load. Other examples of Target Cubes are shown in FIGs. 17F, 20, 22, and 24. The
Target Cube utilizes the Y and Z dimensions of the Targeting Lane 600, but defines a reduced X
dimension based on the proximity of the nearest load. This is done to remove unit loads from the
list of potential loads to be acquired, e.g., those loads that may lie behind the nearest load.

[00208] FIG. 33 details the process whereby items are chosen by the system to be part
of the Load On Board. The process starts 33-1 when vehicle position and orientation 26-4, and
configuration parameters 25-18 are used 33-2 to calculate the boundaries of the Targeting Lane
600 in three dimensions. The Label Map 27-3 is queried 33-3 to test whether any labels lie
within the Targeting Lane 600 (FIGs. 17A- 17C, 17E). If not (33-3, No), the cycle repeats. If
one or more labels lie within the Targeting Lane (33-3, Yes), then a calculation 33-4 determines
which label lies closest to the conveying vehicle 6. Using the position of the closest label, a
Target Cube (e.g., 604, FIG. 17D) is projected and the Label Map database is again queried 33-5
to test whether other labels are present within the Target Cube. The Target Cube has an effect of
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defining a reduced depth dimension (load handling mechanism motion axis) in order to
discriminate out unit loads that may lie behind the closest load and cannot be physically acquired
by the conveying vehicle’s load handling mechanism. If other labels are present in the Target
Cube (33-5, Yes), they are included 33-6 in the potential load along with the item with the
closest label. If no other labels are present in the Target Cube (33-5 No), the process jumps to
step 33-7, leaving just one item as the potential load. A test of Load ON Event occurs 33-7. If a
Load ON Event has not occurred (33-7 No), the process repeats, but if a Load ON Event (33-7
Yes) has occurred (FIG. 17F), those items constituting the potential load are determined to be the
current Load On Board 33-8.

[00209] A similar process occurs for the Load Map in FIG. 34, except that the Load
Map database is interrogated instead of the Label Map Database. Since the Load Map indicates
load centers, and not load faces having labels, this process allows a vehicle to approach a load
from the front, side, or back and still detect that it lies within the Targeting Lane. This capability
is particularly valuable for the transport of items in bulk storage, where a load may have any
position and any orientation.

[00210] In FIG. 34, vehicle position and orientation 26-4, and configuration
parameters 25-18 are again used 34-2 to calculate the boundaries of the Targeting Lane in three
dimensions. A process begins 34-1 whereby the Load Map 27-8 is queried 34-3 to test whether
any load centers exist within the Targeting Lane 600. If not (34-3, No), then the cycle repeats.

If loads do coincide within the Targeting Lane 600 (34-3, Yes), then a calculation determines 34-
4 which load lies closest to the vehicle. The Target Cube is created as described above. Step 34-
5 retests the Load Map to determine whether other loads are present in the Target Cube. If other
loads are present in the Target Cube (34-5, Yes), they are included 34-6 as a potential load along
with the closest load. If no other loads are present in the Target Cube (34-5 No) the process
jumps to step 34-7, leaving just one item as the potential load. A test of Load ON Event occurs
34-7. 1f a Load ON Event has not occurred (34-7, No), the process repeats, but if a Load ON
Event (34-7, Yes) has occurred, those items constituting the potential load are determined to be
the current Load On Board 34-8.

[00211] The process by which labels are located and decoded is show in FIG. 35. The
label reader sensor 35-1 is a machine vision camera (14 or 15 in FIGs. 6 and 7) programmed to

locate and decode labels instead of position markers. Images are captured 35-2 and stored in
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memory 35-3. Image data is enhanced 35-4 digitally to improve brightness, contrast, and other
image properties that can affect readability. A test is made 35-5 of the enhanced image data to
determine if a label is within the field of view. If no labels can be found in the image (35-5, No),
the image capture cycle repeats. This cycle can occur at repetition rates as rapidly or as slowly
as necessary to accomplish reliable label reading; typically three to five images per second. If a
label is found in the image (35-5, yes), indicia are located 35-6 and each indicia is tested for
readability 35-7. Image data for those labels that bear readable indicia (35-7, Yes) are tested 35-
8 to determine whether they are composed of linear or matrix barcodes, which are processed
differently from one another. If no indicia are readable (35-7, No) a new image is captured. If
matrix barcodes are found (35-8, Matrix), key points J, K, and L of each matrix symbol are
located 35-9 in pixel coordinates, and the key point coordinates are stored as data 35-10. If
linear barcodes are found (35-8, Linear), then key points A, B, and C are located 35-11 for each
barcode, and the key point data 35-12 is stored. In each case, label barcodes are decoded 35-13
to determine Label ID that is associated with the key point data 35-14.

[00212] FIGs. 36A and 36B show the transformation of linear label barcode key point
data into facility coordinates for each label detected. In FIG. 36A, key points A, B, and C (35-
12) are illustrated in FIG. 9D. The angle of a vector between the center of the label reader 14
and the center of the label, point C (FIG. 9D) is calculated 36 A-1. The length of line segment A-
B (dimension D in FIG. 9D) is calculated in step 36A-2, and the length in pixels is used to
calculate the position of point C (36A-3) relative to the label reader sensor 14. Since the label
dimensions are known and the pixel length of line segment A-B (dimension D in FIG. 9D) has
been determined, a calculation is made to determine the length of the vector. Step 36A-4 uses
label reader offset values 25-11, and label reader pitch, roll, and yaw values 25-13 (illustrated in
FIG. 8)to then calculate the position of point C on the label relative to the load datum 6D. The
label reader offsets and the load handler position sensor data are then used to translate the label
position relative to the vehicle center 6C. Vehicle position and orientation data 26-4 are then
used to transform the label’s position relative to the vehicle coordinates to the label’s position in
facility coordinates 36 A-5. The Label ID and the label’s facility coordinate position 26-9 are
stored 36 A-6 in the mobile computer 25 memory and are available as data 36A-7.

[00213] InFIG. 36B, key points E, F, G, and H (35-12) are used to make the

calculation. The angle of a vector between the center of the label reader 14 and the center of the
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label, point C is calculated 36B-1. The length of line segment E-H is calculated in step 36B-2,
and the length in pixels is used to calculate the position of point C 36B-3 relative to the label
reader sensor 14. Since the label dimensions are known and the pixel length of line segment A-B
(dimension D in FIG. 9D) has been determined, a calculation is made to determine the length of
the vector. Step 36B-4 uses label reader offset values 25-11, and label reader pitch, roll, and yaw
values 25-13 to then calculate the position of point C on the label relative to the load datum 6D.
The label reader offsets and the load handler position sensor data are then used to translate the
label position relative to the vehicle center 6C. Vehicle position and orientation data 26-4 are
then used to transform the label’s position relative to the vehicle coordinates to the label’s
position in facility coordinates 36B-5. The Label ID and the label’s facility coordinate position
26-9 are stored 36B-6 in the mobile computer 25 memory and are available as data 36B-7.

[00214] A similar process is applied in FIG. 37 for two-dimensional matrix barcode
labels whose key points are J, K, and L, as shown in FIG. 9B. The process proceeds as described
above, beginning with the key points 35-10 being processed 37-1 to calculate the vector angle
between the label reader sensor 14 and the center of the matrix barcode symbol, point N
(midpoint of line J-K in FIG. 9B). The length of line segment J-K is calculated 37-2 in pixels.
The position of point N in the label is calculated 37-3 relative to the label reader sensor 14. The
system configuration parameters 25-18: specifically the label reader offset X, Y, Z 25-11 (see
FIGs. 6 and 7) and the label reader pitch, roll, and yaw 25-13 (see FIG. 8) to calculate 37-4 the
position of label point N relative to the load datum 6D. The label reader offsets and the load
handler position sensor data are then used to translate the label position relative to the vehicle
center 6C. Vehicle position and orientation 26-4 allows the transformation 37-5 of label position
from vehicle coordinates to facility coordinates. These data 37-7 are stored in memory in step
37-6.

[00215] Through the processes shown in FIGs. 35, 36, and 37, each label detected by
the label reader sensor 14 whose identity is decoded and position determined 26-9 results in an
entry into the Local Label Map database 27-3 in the Mobile computer 25 memory.

[00216] There are occasions when loads are to be handled without the conveying
vehicle being equipped with a load identification device, such as a label reader 14, a handheld
bar code scanner 7, an RFID reader, etc. Embodiments of the present invention allow the mobile

computer 25 on board load conveying vehicle 6A, 6M to identify a load 2000 (i.e., 2001, 2002,

-44-



WO 2012/103002 PCT/US2012/022201

2003, . .., 2007) at the moment of load acquisition without the vehicle being equipped with a
load identification device. The ability to identify an asset (a unit load, an object or a set of
objects) and track it within a system, using only the association of data between an asset’s
identity and its position (or its position and orientation), is herein referred to as “inferential load
tracking.” By determining the position (or the position and orientation) of an unidentified asset,
and matching that location to a database record of all asset locations, the asset’s identity can be
retrieved. An asset’s identity is therefore determined by inference to its location, rather than
being directly determined by identifying indicia that might be difficult to read, may not be
positioned correctly, may have fallen off or may be otherwise missing from the asset at the time
of movement.

[00217] In a prior application directed to related subject matter, this capability is
facilitated by providing communications between the mobile computer 25 and the controller 105
through a wireless data communications network 10. The controller in turn communicates with a
Host system H through a wired or wireless network link. Asset identity may be received by the
mobile computer 25 at the moment of load acquisition by several methods including: (a)
querying the local Load Map (e.g., 27-8 in Figure 27) within the Mobile Computer 25; or (b)
querying the Global Load Map (e.g., 28-8 in Figure 28) within the Controller 105.

[00218] Methods (a) and (b) fall into the realm of “virtual automation,” also referred to
as soft automation or flexible automation. These methods of obtaining load identity have been
previously discussed. Product tracking by virtual automation may or may not include human
interaction with the system, while the system itself is computer-automated and reconfigurable.
Robots and automated guided vehicles (AGV’s) fall into the soft automation category.

[00219] Embodiments of the present invention disclose another method, method (c),
of gaining an object’s identity. This method involves querying the Host system H. Method (c)
introduces hard automation as an integrated system component. Hard automation refers to
mechanized equipment such as automated materials handling devices, including conveyors and
numerical control machines, which are built with a specific production purpose.

[00220] Each system element will be described herein in the context of an information
technology integration hierarchy, referencing the Purdue Reference Model for Enterprise

Integration, published by the joint American National Standards Institute / International Society
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of Automation standard, ANSI /ISA-95. This hierarchy comprises Level zero (0) through Level
four (4).

[00221] The host system is typically a Level 4 Business Logistics System such as an
Enterprise Resource Planning (ERP) system (examples include SAP, Oracle, etc.) or an
inventory control system such as a Warchouse Management System (examples include
Manhattan, Red Prairie, etc.). Alternatively, a Level 3 Manufacturing Operations System, also
known as a Manufacturing Execution System (MES), Operations Management System, etc.
(examples include those from Siemens, Harris, and SAP) also provide product identification and
location information. This information may be fed upstream to the Level 4 Host, and then passed
downstream to the Controller 105 and Mobile Computer 25; thereby allowing the sharing of data
between two systems — one virtual automation, and the other hard automation - that would
normally be independent of one another.

[00222] Embodiments of the present invention eliminate the necessity of human
involvement from the task of acquiring identification of an asset, i.c., a load or object, especially
upon the load’s initial movement within the facility or its initialization within the tracking
system. A common application for this concept is the physical hand-off from a manufacturing
operation (e.g., finished product) to a warchouse (e.g., an initial movement of the asset) for
storage or shipment. Embodiments of the present invention also eliminate the need for vehicle-
mounted label readers or other automatic scanning devices to acquire an asset’s identity. The
benefits include rapid ID capture, minimized operator labor, and reduced cost and complexity of
vehicle-mounted equipment.

[00223] Upon load introduction into the system on a materials handling device (e.g., a
conveyor), the load identity is established by a reader (bar code, RFID, etc.) and the identity is
tracked by the materials handling device controller (example; conveyor controller 115). As the
load 2000 (FIG. 40) progresses along the conveyor path, sensing devices such as a motion
encoders, proximity sensors or photo-eyes and machine control devices, such as programmable
logic controllers (PLC) track the precise positional location of the load upon the conveyor. A
conveyor controller 115 keeps track of all conveyed loads and updates the higher level system in
the ANSI/ISA-95 hierarchy (example; a Manufacturing Execution System (MES)) of load ID’s
and locations in facility units. The MES passes certain data to the Host H periodically or upon

the Host’s request. Since the Host is connected to the asset tracking system described herein via
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the wireless data communication network 10, it is able to pass data to the Controller 105 and
Mobile Computers 25. The overall effect is to link data between the virtual automation system
and the hard automation system in such a way that conveyance means of both types can work
together, thus tracking assets within the facility.

[00224] FIG. 38 shows overall system architecture of an exemplary embodiment. Each
system element is shown in an integration hierarchy, using the terminology of the Purdue
Reference Model for Enterprise Integration (ANSI / ISA-95).

[00225] Data flow within the virtual automation system is depicted by solid lines. Host
“H” operates at the site operations level, issuing material move commands and gathering
material move data; Controller 105 communicates upward to the Host and downward to each
Mobile Computer 25, which lie at a lower command level. Both the Controller 105 and Mobile
Computers 25 operate at the control systems level, but at different ranks. On-board sensors 7, 14,
17, and 18 (see Figs. 2, 2A - 2C, 4, 4A - 4E, 6, and 7) provide data to each Mobile Computer 25.

[00226] In the embodiment described herein, the Host system may have supervisory
authority over hard automation in addition to the asset tracking system described herein. An
example is shown (dashed lines), where the Host H communicates with a Manufacturing
Execution System (MES) to control a materials handling conveyor. As shown, conveyor control
115 (hard automation) is independent of the asset tracking system (virtual automation).

[00227] FIG. 39 shows an embodiment of the present invention that provides
additional capability. A conveyor control system 115 gathers load ID and location data from
conveyor sensors, such as barcode scanners or RFID devices, and passes those data to the MES.
The Host H accepts data from the MES and can share this data with the asset tracking system.
This provides a virtual data link between the conveyor controller 115, which senses load ID and
controls conveyor motion, and the system controller 105. In effect, the bridge or link (shown by
the dotted arrow) provides data exchange between the virtual automation and the hard
automation components. The advantages of this arrangement are illustrated by the example
shown in FIGs. 40 through 43.

[00228] FIG. 40 illustrates an example in a paper production facility where large paper
rolls are manufactured. Each roll leaves the manufacturing area via a belt or roller conveyor 120,
and the conveyor is controlled by an intelligent control device 115. Positions on the conveyor are

denoted within the control system and shown as locations C1 through C9. Alternatively, the
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positions may be designated as distances from the input end of the conveyor or by grid
coordinates within the facility.

[00229] Asaroll (i.e., an asset) 2000 (i.e., 2001, 2002, 2003, . . ., 2007) enters the
facility and is placed upon the conveyor 120 at position C1, a fixed position bar code scanner 9F
scans a printed label 30 on the roll, or alternatively an RFID interrogator reads an RFID tag 31
on the roll (FIG. 41) and produces the load ID for that position. Identification data is forwarded
to the conveyor controller 115. The load ID may also be transferred directly from the MES to
the conveyor controller 115.

[00230] Conveyor 120 proceeds to transport rolls 2000 from position C1 to position
C2, and so on. A gate 122 may be installed, such as between positions C6 and C7 in FIG. 40, to
divert a roll 2000 (such as load 2002) from the main conveyor and move it to a separate branch
conveyor embodied here by positions C8 and C9. The conveying system may be quite extensive,
with each conveyor position stored in facility coordinates within the facility map. The conveyor
controller 115 controls conveyor motion and keeps track of the identity of each load 2000 as a
load moves from position to position on the conveyor.

[00231] As a conveying vehicle 6M (in this case a “clamp truck”) approaches the
conveyor, the position and orientation of vehicle 6M are determined by the on-board optical
position and orientation sensing system. Point 11C, which is the mid-point between the clamps,
is predefined in its position relative to the optical sensor 7 on board the vehicle 6M. When the
vehicle 6M stops, point 1000C is determined to lie over the center 2004C of paper roll 2004 in
position 3, and the mobile computer 25 attempts to determine the load ID from the local Load
Map or the global Load Map. When these queries fail, a query is sent to the Controller 105,
which passes the query to the Host H. The Host H accesses the MES system, which in turn
accesses the conveyor controller 115, and obtains the load ID, passing it back to the Host and
down to the Controller 105 and to the mobile computer 25. The mobile computer 25 may then
record the pickup at conveyor position 3, load identity 2004 and time HH:MM:SS. This
constitutes a material movement transaction, which is sent by mobile computer 25 to the
Controller 105 for Load Map updating, and to the Host H to record the transaction.

[00232] FIG. 41 shows a typical paper roll 2000 with bar code label 30 containing a
linear barcode, a matrix barcode, and human-readable text, and an RFID tag 31 with embedded

electronic chip, antenna, and human readable tag ID.
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[00233]  As the conveyor transports unit loads (rolls 2000) along its length and senses
the identity and position of each load on a real-time basis, loads may be removed by manned 6M
or automated 6A conveying vehicles. FIG. 42 shows the intended acquisition of a paper roll 2004
from the conveyor 120 by a manned conveying vehicle 6M. As the vehicle 6M approaches the
conveyor 120, the load sensing device 18 measures the distance between the truck and the paper
roll. When it senses roll capture, it initiates a “pickup” (LOAD ON) transaction. Since the paper
roll 2004 lies on the conveyor at an altitude above the floor, the lift height sensor 17 (17Z,17R)
measures that distance above the floor and reports the load to be acquired at that altitude.
Conveyor height is known, whether elevated or at floor level ; therefore, the present system is
aware that the paper roll is not stacked upon another roll, but is being retrieved from the
CONnveyor.

[00234] In FIG. 43, the vehicle has acquired the load 2004, backed away from the
conveyor, and is placing it atop another roll 2000X. At the moment of deposit, the load detection
device 18 declares LOAD OFF, initiating a put-away transaction, and the lift height sensor 17
measures the altitude above the floor of the deposited roll 2004. Since the altitude of the bottom
of the deposited roll 2004 is exactly equal to the vertical height of a roll (assuming all roll
heights are equal), the system records the deposited roll to lie on top of another. This creates a
vertical stack, and the local Load Map and global Load Map are updated accordingly.

[00235] Once an asset (i.c., unit load) has been initially identified, for example at its
receipt into the facility, the global Load Map stores its location, orientation, and identity data.
The global Load Map is updated with each subsequent move, always recording the center
position and orientation of the unit load, and sharing that data with the local Load Map in each
mobile computer 25. A conveying vehicle 6M may therefore approach a unit load from any
direction (orientation) and the system will correctly determine the load’s identity by querying the
position, orientation, and identity data from the local Load Map.

[00236] FIG. 44 illustrates two examples where loads may be acquired by conveying
vehicles 6M from directions that do not provide the possibility of reading a unit load label.
Vehicles 6M2, 6M3, and 6M4 are shown approaching a palletized unit load 1000P from the sides
and rear of the pallet. Since the load center 6C is known from the Load Map, it is of no
consequence that the label face, which is accessible only to truck 6M1, is obscured from view of

any vehicle-mounted label reader 14 or RFID reader on those three vehicles.
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[00237] In the case of paper rolls, conveying vehicles may approach and acquire a unit
load roll from any angle. The Load Map provides record of the most recent transport of load
2000R, including the load ID, position, and orientation. But because paper rolls are round,
conveying vehicles may physically grasp them without regard to orientation. Vehicles 6MS5,
6M6, and 6M7 are shown approaching the paper roll from angles that would not permit label
reading due to the label face being off-axis to all vehicles. As above, the local Load Map in each
mobile computer would provide the correct unit load ID, position and orientation, and altitude
even though orientation of round rolls remains of no consequence.

[00238] Exceptions to a standard process may occur in any information system, and
should be dealt with by the system. As an example, if a LOAD ON event should occur when the
tracking system has no record of that particular object (identity or location), a decision may be
made on how to deal with the exception.

[00239] FIG. 45 shows a flow chart dealing with the example event. A LOAD ON
event has occurred 26-21 (from Figure 26) and the local Load Map is queried 45-2 to determine
if a load at this location exists in the database. If a load at this location does exist (45-2, Yes), the
process proceeds to clear 27-14 the Label Map and Load Map for that location and associated 1D
(27-14) and continues as shown on FIG. 27.

[00240] If no ID exists (45-2, No), the mobile computer 25 issues a query 45-3 to the
Host H to determine whether the Host has a record of a load at this location. If the Host has a
corresponding record (45-3, Yes) the load ID is obtained 45-4 from the host and the Load Map is
cleared 27-14 for this ID. If the Host has no record of a load at this location (45-3, No), a query
is sent 45-5 to the vehicle operator, asking if the LOAD ON signal represents a valid load. If the
load is not valid (45-5, No) then a False Load Event is declared 45-6 and no further action is
taken. If a valid load is present (45-5, Yes), the driver answers the query to the affirmative, and
the system generates a pseudo ID number 45-7 and assigns this number to the “unknown” load.
The pseudo identity is used to create an entry on the local Load Map 45-8, and a message is sent
45-9 to the Host that an unknown load has been assigned a pseudo-ID. The process continues to
update the Load Map 27-14 (FIG. 27) with ID, location, and time data. Process control continues
on FIG. 27.

[00241] The pseudo identification number is tracked by the system until such time that

the unidentified load is departing the system and/or the facility. Determination may be made at
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the time of departure to reconcile the pseudo-ID with a valid (actual) identification number for
the load.

[00242] FIG. 46 shows the process for the final move of the unidentified load to an
outbound staging area, outflow conveyor, shipping point, or other final point of departure. A
Load Off event 26-22 occurs as the load is being deposited, as shown in FIG. 26. A query is sent
to the Host to determine whether the Load ID is valid or not. If the Load ID is valid (46-2,
Valid), process continues to step 27-10 (FIG. 27), and the Load ID, position, orientation, and
time are recorded.

[00243]  If the load does not have a valid ID number and is being tracked by a pseudo-
ID number (46-2, Pseudo-ID Load) a second query 46-3 is sent to the Host to determine whether
a valid ID has been established during the period in which the load was tracked using a pseudo-
ID. If a valid load number has been identified (46-3, Yes) the valid ID number replaces the
pseudo-ID number 46-4 in the mobile computer and the Load ID, position and orientation update
the local Load Map 27-10. The process again continues (FIG. 27).

[00244] If the Host has no additional records for this load, and therefore a valid Load
ID cannot be established, a third query 46-5 is directed to the vehicle operator by mobile
computer 25 and driver interface 26 (FIG. 2) to determine whether the operator can obtain a
valid ID from any source (barcode scanner, keyboard input, etc.). If a valid ID can be found (46-
5, Yes), the valid ID replaces the pseudo-ID in 46-4 and the process continues. If a valid ID
cannot be found (46-5, No) all data for this load are removed 46-6 from the Load Map records
and an Unknown Load Event is declared in step 46-7. This process facilitates unknown loads
being accurately tracked by the system until such time that the load is removed from the system
and/or the facility.

[00245]  Push-through storage racks, also called flow-through racks, present a situation
similar to conveyors because loads flow from an entry point to an end point without interaction
with a conveying vehicle. For example, the flow-through storage system shown in FIG. 47
consists of rack structure (shown four-deep and three tiers high) in which five paper rolls 2000
may be stored on each level. Rollers allow each incoming load to push the adjacent load one
storage position, and the system may keep track of these moves. A similar physical process is
shown in FIGs. 18A-18E, where multiple loads are moved by a single deposit of a load into a

storage slot on the facility floor.
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[00246] In FIG. 47, the operator is about to push a load 2000 into the closest rack
position on tier 3, which already holds two other loads. To report the movements of all three rolls
correctly, the system recognizes that two objects cannot occupy the same space; therefore, the
transported load will contact another load and that load will contact yet another load, moving all
three forward simultancously. Since the system knows the dimensions of each load 2000, each
load resting on the rack will be displaced by one unit load outer dimension. The Local Load Map
is updated for the new locations and orientations of all three loads upon deposition of the
transported load.

[00247] Those skilled in the art, having benefit of the teachings of the present
invention as set forth herein, may effect modifications thereto. Such modifications are to be
construed as lying within the contemplation of the present invention, as defined by the appended

claims.
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CLAIMS

What is claimed is:

1. A method for identifying, locating and tracking assets within an operating facility comprising:

providing an initial identification and location of an asset from a host;

conveying the asset on an automated asset conveying device to a location while tracking
the position of the asset;

communicating the identity and location of the asset from the host to a tracking system,
the tracking system comprising a system controller and one or more conveying vehicles, each
conveying vehicle having a mobile computer, an optical navigation system for sensing vehicle
position and rotational orientation within the facility, a load handling mechanism comprising a
lift mechanism having a lift height sensor, an asset holding device for holding the asset in a
known position relative to the conveying vehicle, and a load detection sensor;

receiving, by the mobile computer on a first conveying vehicle, an initial identification
and an initial location of an asset from the host;

acquiring the asset by the first conveying vehicle;

the first conveying vehicle navigating the facility by repeatedly determining the position
of the center of the first conveying vehicle and the rotational orientation of the directional axis of
the first conveying vehicle;

the first conveying vehicle transporting the asset to a second location;

the first conveying vehicle depositing the asset at the second location, and
communicating the identity, location and rotational orientation of the asset to the system
controller; and

communicating the identity, using the system controller, the position and rotational

orientation of the asset to a host.
2. The method of claim 1, further comprising the load detection sensor detecting an asset at a

predetermined close distance to determine when an asset has been acquired, the method further

comprising the steps of:
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approaching the identified asset with the first conveying vehicle until the load detection
sensor detects the asset;

acquiring the asset with the asset holding device of the load handling mechanism on the
first conveying vehicle, thus establishing a position of the asset on the load handling mechanism;

using the position of the asset on the load handling mechanism, the position of the center
of the first conveying vehicle and the orientation of the directional axis of the first conveying
vehicle, determining the position and the orientation of the asset within the facility;

transporting the asset to a destination location and depositing the asset;

detecting the deposition of the asset with the load detection sensor;

storing the identity, the position and directional orientation of the asset within the facility
in a database, called a local Load Map, in a memory in the mobile computer;

transmitting over the wireless network the identity, the position and the orientation of the
deposited asset to the system controller;

storing the identity, the position and the orientation of the deposited asset in a database,
called a global Load Map in a system controller; and

transmitting the identity, the position and the orientation of the deposited asset to the

host.

3. The method of claim 2, further comprising:
the first conveying vehicle depositing the asset on an automated asset conveying
device, communicating the identity, the position and rotational orientation of the asset to a
conveyor controller that controls the automated asset conveying device, that in turn
communicates to a manufacturing execution system and to the host;
the conveyor controller tracking the position of the asset while the asset is
transported on the automated asset conveying device;
communicating the identity, the position and rotational orientation of the asset to
a second conveying vehicle by the conveyor controller;
acquiring the asset by the second conveying vehicle;
the second conveying vehicle navigating the facility by repeatedly determining
the position of the center of the second conveying vehicle and the rotational orientation of

the directional axis of the second conveying vehicle;
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depositing the asset at the third location by the second conveying vehicle and
communicating the identity, the position and rotational orientation of the asset to the

system controller and to subsequently to the host.

4. The method of claim 1, further comprising:

the first conveying vehicle depositing the asset at the second location,
communicating the identity, the position and rotational orientation of the asset to a
system controller, that in turn communicates to a host;

the host directing an automated guided vehicle (AGV) controller to transport the
assct to a third location;

the AGV controller assigning an AGV to transport the asset to a third location;

the AGV controller tracking the position of the asset while the asset is being
transported;

the AGV controller communicating the identity, the position and rotational
orientation of the asset to the host;

the host communicating with the system controller;

the system controller assigning a second conveying vehicle to transport the asset
to a fourth location;

the second conveying vehicle acquiring the asset;

the second conveying vehicle navigating the facility by repeatedly determining
the position of the center of the second conveying vehicle and the rotational orientation of
the directional axis of the second conveying vehicle; and

the second conveying vehicle depositing the asset at the fourth location and
communicating the identity, the position and rotational orientation of the asset to the

system controller.

5. The method of claim 4, further comprising the load detection sensor detecting an asset at a
predetermined close distance to determine when an asset has been acquired, the method further
comprising the steps of:

approaching an identified asset with the second conveying vehicle until the load detection

sensor detects the asset;
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acquiring the asset with the asset holding device of the load handling mechanism on the
second conveying vehicle, thus establishing a position of the asset on the load handling
mechanism;

using the position of the asset on the load handling mechanism, the position of the center
of the second conveying vehicle and the orientation of the directional axis of the second
conveying vehicle, determining the position and the orientation of the asset within the facility;

transporting the asset to a destination location and depositing the asset;

detecting the deposition of the asset with the load detection sensor;

storing the identity, the position and directional orientation of the asset within the facility
in a database, called a local Load Map, in a memory in the mobile computer;

transmitting over the wireless network the identity, the position and the orientation of the
deposited asset to the system controller;

storing the identity, the position and the orientation of the deposited asset in a database,
called a global Load Map in a system controller; and

transmitting the identity, the position and the orientation of the deposited asset to the

host.

6. A method for locating and tracking assets within an operating facility comprising:

detecting a LOAD ON event using a load detection sensor on a conveying vehicle at a
position within a facility;

querying the conveying vehicle operator to determine if the LOAD ON is valid;

taking no action, if the LOAD ON is not valid;

querying the Load Map, if the LOAD ON is valid, to determine if an asset is known at
this position;

determining the identity of the asset and clearing the Load Map for this identity, if an
asset 1s known to be at this position;

querying the host to determine if the Host has knowledge of an asset being at this
position, if an asset is not known from the Load Map to be at this position;

generating a pseudo number and assigning this number to identify the asset, if the Host

does not have knowledge of an asset at this position;
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creating a Load Map entry for this asset identity including the asset pseudo-ID, position
and rotational orientation;

sending a message to the Host that an unknown load has been identified;

querying the host to determine if this load has a valid ID or a pseudo ID, when a LOAD
OFF event has occurred;

replacing the Load pseudo-ID, position and orientation in the Load Map, if the load has a
valid ID;

querying the vehicle operator: “Can a valid ID be established manually?”, if the load has
a pseudo ID;

replacing the pseudo ID with the valid ID and replacing the Load ID, position and
orientation in the Load Map, if a valid ID can be established; and

sending a message to the system controller: “Declare an unknown load event,” if a valid

ID cannot be established.
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