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METHOD AND APPARATUS FOR SENSING OBJECT LOAD ENGAGEMENT,
TRANSPORTATION AND DISENGAGEMENT BY AUTOMATED VEHICLES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the present invention generally relate to task automation
within physical environments and more particular to a method and apparatus for
sensing object load engagement, transportation and disengagement by automated

vehicles.

Description of the Related Art

[0002] Entities regularly operate numerous manufacturing and storage facilities in
order to meet supply and/or demand goals. For example, small to large
corporations, government organizations and/or the like employ a variety of logistics
management and inventory management paradigms to move objects (e.g., raw
materials, goods, machines and/or the like) into a variety of physical environments
(e.g., warehouses, cold rooms, factories, plants, stores and/or the like). A
multinational company may build warehouses in one country to store raw materials
for manufacture into goods, which are housed in a warehouse in another country for
distribution into local retail markets. The warehouses must be well-organized in
order to maintain and/or improve production z;nd sales. If raw materials are not
transported to the factory at an optimal rate, fewer goods are manufactured. As a -
result, revenue is not generated for the unmanufactured goods to counterbalance the

costs of the raw materials.

{0003} Unfortunately, physical environments, such as warehouses, have several
limitations that prevent timely completion of various tasks. These tasks inctude
object handling tasks, such as moving pallets of goods to different locations in a
timely manner within a warehouse. For example, to facilitate object handling, most
warehouses employ a large number of forklift drivers and forklifts to move objects. In

order to increase productivity, these warehouses simply add more forklifts and fofklift
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drivers. However, the additional employees and equipment create an inelastic
additional cost, i.e., once hired, the additional employees and equipment cannot be

removed.

[0004] Some warehouses utilize equipment for performing these tasks in order to
increase productivity and reduce human intervention. As an example, these
warehouses may employ vehicles, such as automated forklifts, to lift and carry object
loads on routes (e.g., pre-programmed paths). During normal manual operation, a
human operator would ascertain an orientation or pose of a particular object, such as
a pallet or a rack system. Then, the human operator would direct two or more forks
into an orientation matching the object load orientation. In this manner, the forks
would be optimally positioned to engage a pallet at the entry points and/or unload the
pallet onto a dekstination, such as a rack system shelf. Human operators, however,

-often make mistakes or cannot correctly ascertain the object load orientation.

[0005] Currently, the automated forklifts and human operators cannot accurately
determine object load orientation, especially, when the object load is stored at a
raised position. For example, if several object loads are stacked on top of each
ofher or in high racking, a conventional automated forklift or human operator cannot
ascertain the object pose above a certain load height. In many cases, a bottom
object load orientation differs from a top object load orientation. Variations
throughout a warehouse floor prevent correct object orientation computation
because an object, such as a pallet, has different poses when placed at various
locations. A poorly constructed warehouse floor or an uneven local terrain, for
instance, disrupts effective automation of warehouse tasks. In addition, when the
object load is wrapped in plastic (i.e., shrink wrapped), conventional sensing

technologies fail and cannot accurately determine the object load orientation

[0006] Therefore, there is a need in the art for a method and apparatus for
sensing object load engagement, transportation and disengagement by automated

vehicles using orientation information.
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SUMMARY OF THE INVENTION

{0007] Various embodiments of the present invention generally comprise a
method and apparatus for sensing object load engagement, transportation and
disengagement by automated vehicles. In one embodiment, a method of sensing
object load engagement, transportation and disengement by automated vehicles
includes processing data that is transmitted from a sensor array compfising at least
one device for analyzing a plurality of objects that are placed throughout a physical
environment, executing an object recognition process on the sensor array data using
model information to identify at least one object, determining orientation information
associated with the at least one object, wherein the orientation information is relative
to the lift carriage and positioning at least one lifting element based on the orientation

information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0009] Figure 1 is a perspective view of a physical environment for housing

various objects according to various embodiments of the present invention,

[0010] Figure 2 is a perspective view of a forklift that performs various tasks by
transporting object loads using orientation information according to various

embodiments of the present invention;,

[0011] Figure 3 is a partial view of a forklift according to various embodiments of

the present invention;
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[0012] Figures 4A-B diagrammatically illustrate an orientation information
generation process on an object load according to various embodiments of the

present invention;

[0013] Figures 5A-B diagrammatically illustrate an orientation information
~generation process on a rack system according to various embodiments of the

present invention;

[0014] Figure 6 is a block diagram of a system for sensing object load
engagement, transportation and disengagement by automated vehicles according to

various embodiments of the present invention;

[0015] Figure 7 is a functional block diagram that illustrates a task automation

system according to various embodiments of the present invention;

[0016] Figure 8 is a flow diagram of a method for sensing object load
engagement, transportation and disengagement by automated vehicles according to

various embodiments of the present invention;

[0017) Figure 9 is a flow diagram of a method for positioning lifting elements
within an automated vehicle based on orientation information according to various

embodiments; and

[0018] Figure 10 is a flow diagram of a method for performing a task using an

environment sensing module according to various embodiments.-

DETAILED DESCRIPTION

[0019] Various embodiments of the present invention enable accurate and
efficient environment sensing and object recognition. By matching object models
against laser scanner data and camera data, information a'ssociated with a particular
object load is identified, such as an orientation for engaging the object load that is
relative to a lift carriage. Automated vehicle software uses the orientation
information to position one or more lifting elements, such as forks, for optimal

insertion into entry points of the object load. Then, the automated vehicle software
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uses path information to transport and place the object load at a target destination as

describe further below.

[0020] Figure 1 illustrates a schematic, perspective view of a physical

environment 100 comprising one or more embodiments of the present invention.

[0021] In some embodiments, the physical environment 100 includes a vehicle
102 that is coupled to a mobile computer 104, a central computer 106 as well as a
sensor array 108. The sensor array 108 includes a plurality of devices for analyzing
various objects within the physical environment 100 and transmitting data (e.g.,
image data, video data, range map data, three-dimensional graph data and/or the
like) to the mobile computer 104 and/or the central computer 106, as explained

further below.

[0022] The physical environment 100 further includes a floor 110 upon which a
plurality of objects occupy. The plurality of objects include a plurality of pallets 112,
a plurality of units 114 and/or the like as explained further below. The physical
environment 100 also includes various obstructions (not pibtured) to the proper
operation of the vehicle 102. Some of the plurality of objects form obstacles along
paths for completing tasks. These obstacles may disrupt task completion on a given
vehicle path. For example, an obstacle includes a broken pallet at a target
destination associated with an object load being transported. The vehicle 102 may

be unable to unload the object load unless the broken pallet is removed.

[0023] The physical environment 100 may include a warehouse for housing the
plurality of units 114 in preparation for future transportation. Warehouses may
include loading docks to load and unload the plurality of units from commercial
vehicles, railways, airports and/or seaports. The plurality of units 114 generally
include various goods, products and/or raw materials and/or the like that are usually
placed on one or more pallets. For example, the plurality of units 114 may be
consumer goods that are placed on ISO standard pallets and loaded into pallet racks

by forklifts to be distributed to retail stores. The vehicle 102 facilitates such a
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distribution by moving the consumer goods to designated locations where other
vehicles, (e.g., commercial trucks) load and subsequently deliver the consumer

goods to one or more target destinations.

[0024] According to one or more embodiments, the vehicle 102 may be a forklift,
such as an automated forklift, which is configured to handle and/or move the plurality
of units 114 about the floor 110. The vehicle 102 utilizes one or more lifting
elements, such as forks, to lift one or more units 114 and then, transport these units
114 along a path (e.g., a pre-defined route or a dynamically computed route) to be
placed at a designated location. Alternatively, the one or more units 114 may be
arranged on a pallet 112 of which the vehicle 102 lifts and moves to the designated

location.

[0025] Each of the plurality of pallets 112 is a flat transport structure that supports
goods in a stable fashion while being lifted by the vehicle 102 and/or another jacking
device (e.g., a pallet jack and/or a front Ibader). The pallet 112 is the structural
foundation of an object load and permits handling and storage efficiencies. Various
ones of the plurality of pallets 112 may be utilized within a rack system (not pictured).
Within a typical rack system, gravity rollers or tracks allow one or more units 114 on
one or more pallets 112 to flow to the front. The one or more pallets 112 move
forward until slowed or stopped by a retarding device, a physical stop or another
pallet 112. |

[0026] One or more computing devices are utilized to process sensor array data
and execute tasks. In some embodiments, the mobile computer 104 and/or the
central computer 106 control the vehicle 102 and perform various tasks within the
physical environment 100, The mobile computer 104 is adapted to couple with the
vehicle 102 as illustrated. The mobile computer 104 may also receive and
aggregate data (e.g., laser scanner data, image data and/or any other related sensor
data) that is transmitted by the sensor array 108. In some embodiments, various
software modules within the central computer 106 and/or the mobile computer 104

determine orientation information associated with a particular object 10ad (i.e., a
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pallet-size load) to be lifted. The orientation information includes measurements
reflecting angular displacement and linear displacement about an x, y and z axes as
explained further below. In some embodiments, these measurements define an
entry point orientation associated with a pallet or a rack system. In another
embodiment, these measurements may define a destination orientation associated

with a target destination, such as a target pallet, for the particular object load.

[0027] After the orientation information is generated, the various software
modules within the central computer 106 and/or the mobile computer 104 extract the
measurements and position the one or more lifting elements, such as the forks.
Based on these measurements, the lifting elements may be positioned to optimally
engage the particular object load. For example, the various software modules may
align the lifting elements with entry points for the pallet or a shelf within the rack
system. As another example, the various software modules may position the lifting
elements to match the destination orientation associated with the target destination
such that the particular object load is unloaded properly and aligned with any other

object located below the same target destination.

[0028] Figure 2 illustrates a perspective view of the forklift 200 for facilitating
automation of various tasks within a physical environment according to one or more

embodiments of the present invention.

[0029] The forklift 200 (i.e., a lift truck, a high/low, a stacker-truck, trailer loader,
sideloader or a fork hoist) is a powered industrial truck having various load capacities
and used to lift and transport various objects. In some embodiments, the forklift 200
is configured to move one or more pallets (e.g., the pallets 112 of Figure 1) of units
(e.g., the units 114 of Figure 1) along paths within the physical environment (e.g., the
physical environment 100 of Figure 1). The forklift 200 may travel inside a storage
bay that is multiple pallet positions deep to place or retrieve a pallet. Orientation
information (i.e., an entry point orientation) is used to guide the forklift 200 into the
storage bay and place the pallet on cantilevered arms or rails. Hence, the

dimensions of the forklift 200, including overall width and mast width, must be
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accurate when determining an orientation associated with an object and/or a target

destination.

[0030] The forklift 200 typically includes two or more forks (i.e., skids or tines) for
lifting and carrying units within the physical environment. Alternatively, instead of the
two or more forks, the forklift 200 may include one or more metal poles (not pictured)
in order to lift certain units (e.g., carpet rolls, metal coils and/or the like). In one
embodiment, the forklift 200 includes hydraulics-powered, telescopic forks that
permit two or more pallets to be placed behind each other without an aisle between

these pallets.

[0031] The forklift 200 may further include various mechanic and/or hydraulic
components according to one or more embodiments. In some embodiments, the
forklift 200 includes one or more hydraulic components (not labeled) that permit
lateral and/or rotational movement of two or more forks. In one embodiment, the |
forklift 200 includes a hydraulic component (not labeled) for moving the forks
together and apart. In another embodiment, the forklift 200 includes a mechanical or
hydraulic component for squeezing a unit (e.g., barrels, kegs, paper rolis and/or the
like) to be transported. In some embodiments, the forklift 200 includes one or more
hydraulic components (not labeled) that clamp or squeeze the forks around one or

more units (e.g., cartons, boxes, bales and/or the like) in order to lift these units.

[0032] The forklift 200 may be coupled with the mobile computer 104, which
includes software modules for operating the forklift 200 in accordance with one or
more tasks. The task may be created using a prior knowledge of conditions within
the physical environment. The forklift 200 is also coupled with the sensor array 108,
which transmits data (e.g., image data, video data, range map data and/or three-
dimensional graph data) to the mobile computer 104, which stores the sensor array
data according to some embodiments. As described in detail further below, the
sensor array 108 includes various devices, such as a laser scanner and a camera,

for capturing the sensor array data associated with an object load. '
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[0033] The laser scanner and the camera may be mounted to the forklift 200
exterior. The laser scanner and the camera may articulate or move into various
positions along the exterior. For example, the camera and the laser scanner may be
attached to one or more forks such that image data and/or laser scanner data is
captured moving up and down along with the forks. As another example, the camera
and the laser scanner may be attached to a stationary position above or below the
forks from which the image data and/or the laser scanner data is recorded depicting
a view in front of the forklift 200. The front view may be used to identify obstacles at
a target destination along a path and verify clearance after removal of such

obstacles.

[0034] Figure 3 is a schematic of a partial view 202 of the forkiift 200 according to
one or more embodiments of the present invention. The partial view 202 illustrates a
lift carriage 300 for supporting devices that capture sensor array data as well as
lifting elements for engaging object loads according to various embodiments. It is
appreciated that the following describes exemplary embodiments of the forklift 200

and the present invention includes other vehicle types and mechanical components.

[0035] The lift carriage 300 is designed to raise and lower one or more lifting
elements, such as forks 302, vertically in order to engage and transport object loads.
Between the forks 302, a scanner array 321 comprising one or more laser scanners
304 and one or more cameras 306 is fitted to the lift carriage 300 (e.g., the sensor
array 108 of Figure 1). The scanner array 321 may be mounted to the lift carriage
300 and retrofit object load sensing to the forklift 200. Because the presence of
objects on the forks 302 may obscure the devices, the camera 306 and laser 304
may form a moveable sensor head 320 according to one embodiment. When the
moveable sensor head 320 is moved into a retracted position, the camera 306 and
the laser sensor 304 are positioned above the forks 302. The sensor head 320 is
attached to a pair of guide rails 308, which are attached to the mounting plate 310

through two guide bushings 312.
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[0036] As shown in Figure 3, the laser scanner 304 and the camera 306 may be
articulated between multiple positions including, as a minimum, locations above or
below the forks 302. In some embodiments, the scanner array 321 includes various
mechanical components that articulate (i.e., move) sensor head 320. For example, a
ball screw is utilized to raise or lower the laser scanner 304 and the camera 306. A
type of mechanical components being used for articulation may depend on physical
attributes associated with the forklift 200 and/or installation requirements associated
with a physical environment. As another example, a driven linear slide table is
employed to transport the laser ‘scanner 304 and the camera 306 into various

positions.

[0037] Having the laser scanner 304 and/or the camera 306 located in certain
positions relative to the lift carriage 300 provides these devices with a clear view
beyond any object load being carried on the forks 302. Such positions further enable
efficient data fitting between object models and sensor array data, which may be a
combination of laser scanner data and image data, as explained further below.
When the laser scanner 304 and the camera 306 are co-linear as well as orthogonal
in the horizontal plane and coplanar in the vertical plane to an automated vehicle
axis, various software modules can automatically cross correlate information
between these devices, according to some embodiments. In another embodiment,
when the laser scanner 304 and the camera 306 are not co-linear, the various

software modules use geometric transformations to perform the correlation.

[0038] Furthermore, the laser scanner 304 and/or the camera 306 are used to
enhance safety for the forklift 200 by identifying navigational ‘hazards. The laser
scanner data indicates locations of various obstructions along a path that are relative
to the forklift 200. The identification of these obstructions facilitates path
redetermination. Either the forklift 200 is rerouted around the identified obstructions
or stopped until the identified obstructions are removed and the path is clear. The
integration of the camera 306 enables environment sensing at the forklift 200. In
addition, the laser scanner 304 and the camera 306 may operate with a light 318 to

enhance obstruction identification.

10
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[0039] A drive motor 314 connected to a gear, which engages a rack in a rack
and pinion arrangement and moves the sensor head 320 to a location above the
forks 302. The drive motor 314, alternatively, positions the sensor head 320 to a
location below the forks 302. The laser scanner 304, the camera 306 and the drive
motor 314 are coupled to a mobile computer (e.g., the mobile computer 104 of
Figure 1). In one or more alternative embodiments, the driver motor 314 rotates the
sensor head 320 when capturing the sensor array data in order to identify objects or
object loads that are not directly aligned with the forks,K 302. Various software
modules within the mobile computer control the drive motor 314 and store image
data and laser scanner data. The mobile computer communicates the image data
-and the laser scanner to a central computer where an object recognition process is
executed to identify a particular object and generate orientation information as

explained in detail further below.

[0040] In some alternative embodiments, the laser scanner 304 and the camera
306 may couple with the lift carriage 300 below the forks 302. Such a configuration
may be used when approaching a target destination associated with the object load.
For example, the target destination includes a rack system, a warehouse floor, a
pallet and/or the like. At the location below the forks 302, the laser scanner 304 and
the camera 306 are capable of capturing data at a warehouse floor level. Hence, the
laser scanner 304 and the camera 306 provide visibility below any object load being

transported by an automated vehicle, such as the forklift 200.

[00411  The laser scanner 304 and the camera 306 enable obstacle detection at
the target destination because mounting these devices below the forks 302 allows
various software modules to determine if the target destination is clear of any
obstructions before unloading the object load. The various software modules search
for such obstructions by examining the sensor array data. If the laser scanner does
not detect any points then there are no obstructions above or near the target
destination and the forklift 200 can unload the object load successfully. The various
software modules may also examine the sensor array data associated with the target

destination and determine characteristics regarding the surface on which the object

11
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load is to be placed, such as a destination orientation that is relative to the lift

carriage 300.

[0042] Figures 4A-B diagrammatically illustrate an orientation information
generation process 400 on one or more object loads 402 according to various
embodiments of the present invention. Figure 4A represents a scanning procedure
to generate laser scanner data of a horizontal plane (i.e., an x-y plane) comprising
the object load 402. Figure 4B is an image illustrating a vertical plane (i.e., a y-z
plane) in front of multiple object loads 402. Each object load 402 is stacked on top of
another object load 402 and includes the pallet 112 and several units 114. The laser
scanner data and/or the image are used to d£etermine- relative distances from a
forklift to the object loads 402. ' |

[0043] Various software modules access sensor array data and execute the
orientation information generation process 400 on various objects, such as the pallet
112, to determine an orientation associated with entry points for lifting and
transporting the object loads 402. Once the orientation information generation
process 500 identifies one of the object loads 402, the various software modules
generate orientation information associated with entry points to the pallet 112.
During the scanning procedure, the laser scanner 304 captures measurement data
across an x-y plane with respect to one or more fhree-dimensional points on the
pallet 112. In some embodiments, the laser scanner 304 computes distances
between the forklift 200 and these points. The laser scanner 304 also computes
distances between the points themselves. Various software modules correlate the
captured data with image data gathered by the camera and apply an objéct

~recognition process to identify a matching pailet model.

[0044] Once the captured data is normalized with the matching pallet model, the
various software modules compute one or more pose or orientation measuremenfs(
In some embodiments, the various software modules compute a distance between a
pallet edge and a pallet center, which is stored as a Ty 406. In some embodiments,

the Ty 406 is a displacement measurement across the y-axis that is relative to a

12



WO 2011/108944 PCT/NZ2011/000024

current fork orientation. The laser scanner 304 computes a distance to the pallet
center, which the various software modules store as a Tx 408. In some
embodiments, the Tx 408 is a displacement measurement between the forklift 200

and the load 404 and may be used to calibrate the camera.

[0045] In some embodiments, the various software modules determine a value
(e.g., angle of rotation in degrees or radians) that represents angular displacement
about the z-axis for the pallet 112, which is stored as Rz 410. The Rz 410 may be
determined by fitting the matching pallet model to the captured data in the X-y plane
as illustrated in Figure 4A. In some embodiments, the various software modules .
examine the image data and determine a displacement measurement across the z-
axis, which is stored as Tz 412. Alternatively, the Tz 412 may also be computed by
scanning the load 402 while moving the forks and searching for the matching pallet
model. The various software modules may also estimate an angular displacement
measurement about the y-axis (i.e. Ry) by evaluating laser scans while moving the
forks vertically and comparing the laser scanner data with various pallet models and
unit models. Alternatively, the angular displacement measurement about the y-axis

may be determined from image data for the load 402.

[0046] In some embodiments, the various software modules process the image
data from the camera and extract various features of the load 402, such as the entry |
points of the pallet 112. These features are compared with various object models in
order to identify a matching object model, such as a matching paliet model and/or a
matching load model. The various object models may be used to train the various
software modules to recognize a given object, such as a pallet, a loads and/or a rack
‘system. Alternatively, the various software modules may employ one or more
feature extraction procedures, such as line detection, edge detection or gradient

processing, to identify the object within an image.

[0047] Figures 5A-B diagrammatically illustrate orientation information generation
process 500 on a rack system 502 according to various embodiments of the preseht

invention. Figure 5A illustrates a scanning process to generate laser scanner data

13
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for a horizontal plane (i.e., an x-y plane) comprising the rack system 502. Figure 5B
is an image illustrating a vertical plane (i.e., a y-z plane) in front of the rack system
502. The laser scanner data and/or the image are used to determine relative
distances from a forklift to the rack system 502. ‘A portion of the rack system 502
may be a target destination for an object load (e.g., the object 402 of Figure 4) as

explained fUrther below.

[0048] Once an object recognition process identifies the rack system 502 by
comparing rack system models with data captured by the laser scanner 304 and a
camera, various software modules define an entry point orientation associated with a
shelf 504 within the rack system 502. In some embodiments, the entry point
orientation includes numerous measurements indicating angular displacement, such
as Ry, Rx 514 and Rz 510, and linear displacement, such as Ty 508, Tx 506 and Tz
512, about the x, y and z-axes. Some of these measurements (e.g., Ry) may be
nominal due to structural integrity of the rack system 502. On the other hand, the
angular displacement measurements may be used to correct for errors in the entry

- point orientation.

[0049] The various software modules cooperate to identify and locate the shelf
504 in a coordinate system, relative to the automated vehicle, using values for the
linear displacement measurements Tx 506, Ty 508 and Tz 512. The value for the Tx
506 may refer to a depth at which an object load is to be placed and/or engaged.
The various software modules also cooperate to determine values for the angular
displacement measurements Rx 514 and Rz 510 of the shelf 504. Furthermore, the
various software modules determine whether a pallet or another object load is

occupying a target destination prior to placing the object load.

[0050] As shown in Figure 5A, the laser scanner 304 captures the laser scanner
data regarding a lift carriage height and vehicle orientation relative to the rack
system 502 face. The laser scanner data is used to evaluate an entry point
orientation of the shelf 504 and position the object load being transported

accordingly. In addition to the linear displacement measurements, the laser scanner

14
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data includes distances to one or more points on the rack system 502 as described
in the present disclosure. The various software modules fit a matching rack system

model with these distances to compute the value for Rz 510.

[0051] Then, the various software modules fit the matching rack system against
the image as depicted in Figure 5B to compute the value for Rx 514. In one
embodiment, feature extraction processing techniques, such as edge detection, may
be utilized to identify the rack system 502 and compute the various measurements
that constitute the entry point orientation of the shelf 504. In some embodiments, the
various software modules employ rack system model training to identify the rack
system 502 and define the entry point orientation associated with the shelf 504.
Using rack system model images, the various software modules are trained to
determine the linear and angular displacement measurements as explained in the
present disclosure. These measurements are subsequently transposed from the

laser scanner 304 origin to the automated vehicle origin.

[0052] Figure 6 is a block diagram of a system 600 for sensing object load
engagement, transportation and disengagement by automated .vehi'cles according to
various embodiments of the present invention. In some embodiments, the system
600 includes the mobile computer 104, the central computer 106 and the sensor

array 108 in which each component is coupled to each other through a network 602.

[0053] The mobile computer 104 is a type of computing device (e.g., a laptop, a
desktop, a Personal Desk Assistant (PDA) and the like) that comprises a central
processing unit (CPU) 604, various support circuits 606 and a memory 608. The
CPU 604 may comprise one or more commercially available microprocessors or
microcontrollers that facilitate data processing and storage. Various support circuits
606 facilitate operation of the CPU 604 and may include clock circuits, buses, power
supplies, input/output circuits and/or the like. The memory 608 includes a read only
memory, random access memory, disk drive storage, optical storage, removable
storage, and the like. The memory 608 includes various data, such as sensor array

data 610. The memory 608 includes various software packages, such as automated
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vehicle software 612 for controlling the movement of an automated vehicle, for
example a forklift, and storing laser scanner data and image data as the sensor array
data 108.

[0054] The central computer 106 is a type of computing device (e.g., a laptop
computer, a desktop computer, a Personal Desk Assistant (PDA) and the like) that
comprises a central processing unit (CPU) 616, various support circuits 618 and a
memory 620. The CPU 616 may comprise one or more commercially available
microprocessors or microcontrollers that facilitate data processing and storage.
Various support circuits 618 facilitate operation of the CPU 616 and may include
clock circuits, buses, power supplies, input/output circuits and/or the like. The
memory 620 includes a read only memory, random access memory, disk drive
s’torage, optical storage, removable storage, and the like. The memory 620 includes
various data, such as model information 622 and orientation information 624. The
memory 620 includes various software packages, such as a manager 626, an object

recognition process 628 and an environment sensing module 630.

[0055] The manager 626 includes software code (e.g., processor executable
instructions) that is configured to instruct the automated vehicle, such as the forklift,
to execute each and every task, for example transporting object loads. In some
embodiments, the manager 626 uses‘the environment sensing module 630 to
identify a particular object load. Such an object load may be manually placed within
an industrial environment. The manager 626 generates path information 632 to the
particular object load and a target destination. The manager 626 communicates the
path information 632 to the automated vehicle software 612, which moves the

automated vehicle along the designated path.

[0056] In some embodiments, the manager 626 implements a finer ievel of
contro! over automated vehicle operation. For example, the manager 626 may
instruct the automated vehicle software 612 to engage an unstable object load, such
as a broken pallet or obstructed entry points. The manager 626 instructs the

environment sensing module 626 to continuously generate the orientation
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information 624 during which the automated vehicle software 612 adjusts lifting

element positions.

[0057] The network 602 _\comprises a communication system that connects
computers by wire, cable, fiber optic, and/or wireless links facilitated by various types
of well-known network elements, such as hubs, switches, routers, and the like. The
network 602 may employ various weli-known protocols to communicate information
amongst the network resources. For example, the network 602 may be part of the
Internet or intranet using various communications infrastructure such as Ethernet,
WiFi, WiMax, General Packet Radio Service (GPRS), and the like.

[0058] In some embodiments, the mode! information 622 indicates attributes
associated with various types of warehouse structures, such as units, pallets, rack
systems, conveyers and-object loads (e.g., é pallet supporting one or more units)..
The model information 622 may include dimensions (e.g., a size and/or a shape), a
type and an ISO standard version associated with a particular pallet, object or rack
system. For example, the model information 622 associated with the particular pallet
may include a pallet type (e.g., stringer, block and/or the like), a corresponding I1SO
standard (e.g., the ISO Standard 6780), length/width measurements as well as

locations of entry points (i.e., apertures) intended for forklift engagement.

[0059] The sensor array 108 is communicable coupled to the mobile computer
104, which is attached to an automated vehicle, such as a forklift (e.g., the forklift
200 of Figure 2). The sensor array 108 includes a plurality of devices 614 for
monitoring a physical environment and capturing data associated with various
objects, which is stored by the mobile computer 104 as the sensor array data 610.
In some embodiments, the sensor array 108 may include any combination of one or
more laser scanners and/or one or more cameras. In some embodiments, the
plurality of devices 614 may be mounted to the automated vehicle. For example, a
laser scanner and a camera may be attached to a lift carriage at’a position above the

forks. Alternatively, the laser scanner and the camera may be located below the
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forks. The plurality of devices 614 may also be distributed throughout the physical

environment at fixed positions.

[0060] In some embodiments, the sensor array data 610 includes an aggregation
of data transmitted by the plurality of devices 614. In one embodiment, the one or
more cameras transmit image data and/or video data of the physical environment
that are relative to a vehicle. In another embodiment, the one or more laser
scanners (e.g., three-dimensional laser scanners) analyze objects within the physical
environment and capture data relating to various physical attributes, such as size
and shape. The captured data can then be compared with three-dimensional object
models. The laser scanner creates a point cloud of geometric samples on the
surface of the subject. These points can then be used to extrapolate the shape of
the subject (i.e., reconstruction). The laser scanners have a cone-shaped field of
view. While the cameras record color information associated with object surfaces
within each and every field of views, the laser scanners record distance information

about these object surfaces.

[0061] The data produced by the laser scanner indicates a distance to each point
on each object surface. Based on these distances, the object‘recognition process .
628 determines a three dimensional position of the each point in a local coordinate
system relative to each laser scanner. The environment sensing module 630
transposes each three-dimensional position to be relative to the vehicle. The laser
scanners perform multiple scans from different perspectives in order to determine
the points on the each and every object surface. The object recognition process 628
normalizes the data produced by the multiple sC%ﬁs by aligning the distances along a
common reference system. Then, these séftware modules merge the object

surfaces to create a model of the objects within a partial field of view.

[0062] The environment sensing module 630 includes software Code (e.g.,
processor-executable instructions) for generating the orientation information 624
according to various embodiments. As described in the present disclosure, the

orientation information 624 includes various measurements indicating angular and
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Iinear‘ displacement about the x, y and z-axes of certain objects. In some
embodiments, the environment sensing module 630 may define an entry point
orientation associated with a pallet or a rack system shelf. In another embodiment,
the environment sensing module 630 may define a-destination orientation associated
with a target destination of an object load. The environment sensing module 630
instructs the automated vehicle software 612 to position one or more lifting elements
in accordance with the orientation information 624. On a forklift, for example, the
environment sensing module 630 may position two forks using the various

measurements.

[0063] Alternatively, the environment sensing module 630 communicates the
orientation information 624 to the mobile computer 104 in order to provide feedback
for a human operation. In some embodiments, the mobile computer 104 presents a
location of the object load within the physical environment as well as the entry point
orientation. For example, the human operator may incorrectly géuge the object load
orientation when placed at a considerable height. Using manual controls, the human
operator positions one or more lifting elements accordingly. The environment
sensing module 624 recognizes such a human error and responds by
communicating a correct entry point orientation. Subsequently, the human operator
repositions the one or more lifting elements and engages the object load. In some
embodiments, the automated vehicle software 612 automatically repositions the one
or more lifting elements in response to the incorrect object load orientation. Thus,
the orientation information 624 serves to rectify incorrect object load orientations and

guide the human operator.

[0064] Figure 7 is a functional block diagram that illustrates a task automation
system 700 using orientation information according to various embodiments of the

present invention.

[0065] The task automation system 700 utilizes a sensor array that includes
various devices for capturing data associated with one or more objects. In some

embodiments, the task automation system 700 employs device drivers for accessing
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and communicating the captured data from the various devices. For example, the
environment sensing module 630 invokes a camera driver 702 and a laser scanner
driver 704 for the purpose of capturing image/video data and laser scanner data,
respectively. The image/video data and the laser scanner data are processed by the
environment sensing module 630, which computes various orientation or pose
measurements and then, communicates such information to the automated vehicle
software 612. Any required dimensions of an object, such as a pallet, or barcode

types are recorded in the model information 622.

[0066] In some embodiments, the environment sensing module 630 includes an
obstacle detection module 706 and a segmentation and feature matching module
708. The segmentation and feature matching module 708 includes the object
recognition process 628, a label position detection module 710 and an orientation
detection module 712. The label position detection module 710 includes software
code (e.g., processor-executable instructions) for examining image data for a
barcode or a label. The orientation detection module 712 includes software code
(e.g., processor-executable instructions) that is configured to determine a relative
pose associated with an object load (i.e., one or more products) and examine a
target destination for obstacles. The orientation detection module 712 also

determines if the object load is correctly placed on the forks.

[0067] Figure 8 is a flow diagram of a method 800 for sensing object load
engagement, transportation and disengagement by automated vehicles according to
various embodiments of the present invention. An environment sensing module
within a central computer performs the method 800 according to some embodiments.
The method 800 starts at step 802 and proceeds to step 804.

[0068] At step 804, sensor array data is processed. As explained in the present
disclosure, a sensor arréy (e.g., the sensor array 108 of Figure 1 and/or the sensor
head 320 of Figure 3) includes various devices, such as a laser scanner and/or a
camera, for capturing data associated with various objects. These devices trénsmit

image data and/or laser scanner data, which is stored in a mobile computer as the
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sensor array data (e.g., the sensor array data 610 of Figure 6) according to some
embodiments. The environment sensing module accesses the sensor array data
within the mobile computer. At step 806, model information is accessed. The model
information (e.g., the model information 622 of Figure 6) may include a database
maintaining physical attributes (e.g., dimensions, shapes and/or the like) associated
with various object models, such as pallet models, load models, rack system models
and/or the like. The model information is stored in the central computer and

accessed by the environment sensing module.

[0069] At step 808, an object recognition process is executed. Various software
modules, such as the envirohment sensing module (e.g., the environment sensing
module 630 of Figure 6), perform the object recognition process (e.g., the object
recognition process 628 of Figure 6) by comparing the sensor array data with the
various object models as described in the present disclosure. For example, the
object recognition process may search for an object model, such as a pallet model,
having similar or identical dimensions (e.g., length and width of entry points) as a
particular object, such as a pallet (e.g., the pallet 112 of Figure 1). As another
example, the object recognition process may utilize feature extraction processing
techniques, such as edge detection, to identify the partibular object, such as a rack

system.

[0070] At step 810, an object is identified. By correlating the laser scanner data
with the image data, the object recognition process identifies an object model
matching the object being analyzed. At step 812, orientation information is
generated. Once the object recognition process identifies a matching object model,
such as a matching pallet model, an environment sensing module (e.g., the
environment sensing module 630 of Figure 6) fits the matching object model against
the sensor array data and computes various pose or orientation measurements as

explained in the present disclosure.

[0071] At step 814, an automated vehicle is instructed to position one or more

lifting elements, such as one or more forks (e.g., the forks 302 of Figure 3), based on
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sensor array data (e.g., the sensor array data 610 of Figure 6) according to some
embodiments. The environment sensing module accesses the sensor array data
within the mobile computer. At step 806, mode! information is accessed. The model
information (e.g., the model information 622 of Figure 6) may include a database
maintaining physical attributes (e.g., dimensions, shapes and/or the like) associated
with various object models, such as pallet models, load models, rack system models
and/or the like. The model information is stored in the central computer and

accessed by the environment sensing module.

[0069] At step 808, an object recognition process is executed. Various software
modules, such as the environment sensing module (e.g., the environment sensing
module 630 of Figure 6), perform the object recognition process (e.g., the object
recognition process 628 of Figure 6) by comparing the sensor array data with the
various object models as described in the present disclosure. For example, the
object recognition process may search for an oéject model, such as a pallet model,
having similar or identical dimensions (e.g., length and width of entry points) as a
particular object, such as a pallet (e.g., the pallet 112 of Figure 1). As another
example, the object recognition process may utilize feature extraction processing
techniques, such as edge detection, to identify the particular object, such as a rack

system.

[0070] At step 810, an object is identified. By correlating the laser scanner data
with the image data, the object recognition process identifies an object model
matching the object being analyzed. At step 812, orientation infdrmation is
generated. Once the object recognition process identifies a matching object model,
such as a matching pallet model, an environment sensing module (e.g., the
environment sensing module 630 of Figure 6) fits the matching object model against
the sensor array data and computes various pose or orientation measurements as

explained in the present disclosure.

[0071] At step 814, an automated vehicle is instructed to position one or more

lifting elements, such as one or more forks (e.g., the forks 302 of Figure 3), based on
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the orientation information. In some embodiments, the environment sensing module
communicates the orientation information to the automated vehicle software, which
directs the lifting elements to a position defined by the orientation measurements.
The environment sensing module instructs the automated vehicle software (e.g., the
automated vehicle software 612 of Figure 6) to move the forks into an Q‘rientation
that is optimal for engaging the particular object, such as a pallet, and/or placing the

object load at the target destination. At step 816, the method 800 ends.

[0072] . Figure 9 is a flow diagram of a method 900 for positioning lifting elements
within an automated vehicle based on orientation information according to one or
more embodiments. The method 900 may be performed by the automated vehicle

software within a mobile computer.

[0073] The method 900 starts at step 902 and proceeds to step 904. At step 904, -
orientation information and path information are received. In some embodiments,
the path information is used to perform a task, such as engaging and transporting an
object load. For example, the automated vehicle software receives a first path to a
pallet (e.g., the pallet 112 of Figure 1) having a plurality of units (e.g., the plurality of
units 114 of Figure 1) as well as a second path from the pallet to a target destination.
As such, the automated vehicle software moves an automated vehicle along the first
path, engages the pallet and then, moves to the target destination along the second

path.

[0074] At step 906, entry point orientation measurements associated with the
object load are accessed. In some embodiments, the orientation information (e.g.,
the orientation information “324 of Figure 3) includes various linear and angular
displacement measurements between the automated vehicle (e.g., the forklift 200 of
Figure 2) and the object load (e.g., the object load 402 of Figure 4). At step 908,
lifting elements are moved in accordance with the entry point orientation
measurements. For example, the automated vehicle software positions the lifting
elements into an orientation that matches the entry point orientation measurements

as explained in the present disclosure. At step 910, the object load is engaged.
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[0075] At step 912, the object load is transported to a destination. For example,
the automated vehicle lifts and transports the pallet supporting several units to a
target destination, such as a rack system shelf or another pallet. Using the path
information, the automated vehicle software moves the automated vehicle to the
target destination. At step 914, destination orientation measurements are accessed.
At step 916, the lifting elements are moved in accordance with the destination
orientation measurements. At step 918, the object load is placed at the destination.
At step 920, the method ends.

[0076] Figure 10 is a flow diagram of a method 1000 for performing a task using
an environment sensing module according to various embodiments. The method
1000 may be performed by a manager (e.g., the manager 626 of Figure 6) within a

central computer (e.g., the central computer 106 of Figure 1).

[0077] The method 1000 starts at step 1002 and proceeds to step 1004. At step
1004, a task is received. For example, the manager may be instructed to find and
move an object load (e.g., the object load 402 of Figure 4) to a target destination. At
step 1006, an environment sensing module is instructed to locate and identify the
object load. The environment sensing module (e.g., the environment sensihg
module 630 of Figure 3) applies image processing techniques on images of the
industrial environment to identify the object load. For example, the environment
sensing module may combine consecutive images to identify three-dimensional
objects within a camera field of view. Alternatively, the environment sensing module
may employ a barcode or a radio frequency identification (RFID) reader (e.g., the

device 618 of Figure 3) to identify the object load.

[0078) At step 1008, a path for performing the task is generated. At step 1010,
an automated vehicle is instructed to move along the path. In some embodiments,
the manager communicates the path to automated vehicle software (e.g., the
automated vehicle software 616 of Figure 6), which controls automated vehicle
steering. Atstep 1012, a determination is made as to whether the automated vehicle

successfully performed the task. The automated vehicle software returns indicia of
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the automated vehicle performance.  The manager processes the indicia and
determines whether the automated vehicle successfully completed the given task. If
the automated vehicle successfully performed the given task, the method 1000
proceeds to step 1014. At step 1014, the method ends. If, on the other hand, the
automated vehicle did not successfully perform the given task, the method 1000

returns to step 1004.

[0079] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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Claims:

1. A method of sensing object load engagement, transportation and
disengagement by automated vehicles, comprising:

processing data that is transmitted from a sensor array comprising at least
one device for analyzing a plurality of objects that are placed throughout a physical
environment;

executing an object recognition process on the sensor array data using model
information to identify at least one object; A | |

determining orientation information associated with the at least one object,
wherein the orientation information is relative to the lift carriage; and

positioning at least one lifting element based on the orientation information.

2. The method of claim 1, wherein the at least one device comprises a camera

and a laser scanner that are coupled to a lift carriage.

3. The method of claim 2, wherein at least one of the camera or the laser

scanner are located below the at least one lifting element.

4. The method of claim 2, wherein at least one of the camera or the laser

scanner are located above the at least one lifting element.

5. The method of claim 2, wherein the camera and the laser scanner are

articulated.
6. The method of any preceding claim, wherein determining the orientation

information further comprises defining an entry point orientation associated with at

least one of a pallet or a rack system.
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7. The method of any preceding claim, wherein determining the orientation
information further comprises defining a destination orientation associated with an

object load.”

8. The method of any preceding claim, wherein executing the object recognition
process further comprises identifying a matching object model using laser scanner

data and image data.

9. A computer-readable-storage medium comprising one or more processor-
executable instructions that, when executed by at least one processor, causes the at
least one processor to: |

process dafa that is transmitted from a sensor array comprising at least one
device for analyzing a plurality of objects that are placed throughout a physical
environment;

execute an object recognition process on the sensor array data using model
information to identify at least one object;

determine orientation information associated with the at least one object,
wherein the orientation information is relative to the lift carriage; and

instruct an automated vehicle to position at least one lifting element based on

the brientation information.

10.  The computer-readable-storage medium of claim 9 further comprising one or
more processor-executable instructions that, when executed by the at least one
processor, causes the at least one processor to:

define an entry point orientation associated with at least one of a pallet or a

rack system.
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11.  The computer-readable-storage medium of claim 9 or 10 further comprising
one or more processor-executable instructions that, when executed by the at least
one processor, causes the at least one processor to:

define a destination orientation associated with an object load.

12.  The computer-readable-storage medium of any preceding claim further
comprising one or more processor-executable instructions that, when executed by
the at least one processor, causes the at least one processor to:

identify a matching object model using laser scanner data and image data.

13. A system for sensing object load engagement, transportation and
disengagement by automated vehicles, comprising:
" a sensor array comprising a laser scanner and a camera; and

a computer for p'rocessing data that is transmitted from the sensor array,
executing an object recognition process on the sensor array data using model
information to identify at least one object, determining orientation information
associated with the at least one object, wherein the orientation information is relative
to the lift carriage and positioning at least one lifting element based on the orientation

information.

14.  The system of claim 13, wherein the computer communicates, to another
computer for operating a vehicle, instructions for performing at least one task based
on the at least one visual representation, wherein the mobile computer is adapted to

couple with the vehicle.

15.  The system of claim 13 or 14, wherein the camera and the laser scanner are

articulated.
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16.  The system of claim 13 or 14, wherein the camera and the laser scanner are
located above the at least one lifting element.

17.  The system of claim 13 or 14, wherein the camera and the laser scanner are

located below the at least one lifting element.

18.  The system of ény preceding claim, wherein the computer defines an entry

point orientation associated with at least one of a pallet or a rack system.

19. The system of any preceding claim, wherein the computer defines a

destination orientation associated with an object load.

20. The system of claim 13, 15, 16 or 17, wherein the computer identifies a

matching object model using laser scanner data and image data.
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