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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to Singapore Patent Application No. 10201500882V and
Australian Patent Application No. 2015900362, both filed February 5, 2015.

FIELD

[0002] The present disclosure relates generally to a goods handling system, wherein goods are stored in,
and retrieved, from a goods storage area. Specifically, the present disclosure relates to a method of
compensating navigation paths of vehicles in the goods handling system.

BACKGROUND

[0003] The background description provided herein is for the purpose of generally presenting the context of
the disclosure. Work of the presently named inventor(s), to the extent the work is described in this
background section, as well as aspects of the description that may not otherwise qualify as prior art at the
time of filing, are neither expressly nor impliedly admitted as prior art against the present disclosure.

[0004] In a partially automated goods handling system, goods are stored in a goods storage area and
transported between the goods storage area and operator stations using transportation vehicles, such as
transportation robots. In such a system, the transportation vehicles are navigated through the goods
storage area using machine detectable tape that is disposed on the floor of a warehouse along predefined
movement paths, or by using lasers that interact with reflective material that is disposed, for example, on
walls of the warehouse.

[0005] However, such existing goods handling systems require relatively complex transportation vehicles
and involve computationally intensive tasks to control the positions of the vehicles. Furthermore, such
systems do not control the positions of the transportation vehicles with high precision. Accordingly, there is a
requirement for a technique that accurately controls (and monitors) the positions of the transportation
vehicles in a seamless and computationally efficient manner.

[0006] GB2158965 (A) discloses a vehicle control and guidance system in which a desired route for the
vehicle is stored in the vehicle in the form of co-ordinates in a ground reference frame. The "vectors"
between these junction points are divided by successive reference points into incremental vectors, the
reference points being generated ahead of the vehicle at regular intervals. A dead reckoning system
predicts the position of the vehicle at the end of each interval and this estimate is corrected, using a Kalman
filter, by an independant fixed-target detection system using a scanning laser. The error between the
estimated vehicle position and the local incremental vector provides a steering angle correction for the
vehicle and the vehicle speed is dependent upon the lag of the vehicle behind the generation of reference

points.

[0007] EP0936520 (A2) discloses systems and methods for positioning and navigating an autonomous
vehicle (102,310) to allow the vehicle (102,310) to travel between locations. A first position estimate (112) of
the vehicle (102,310) is derived from satellites (132-170,200-206) of a global positioning system (100A)
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and/or a pseudolite(s) (105). The pseudolite(s) (105) may be used exclusively when the satellites (132-
170,200-206) are not in view of the vehicle (102,310). A second position estimate (114) is derived from an
inertial reference unit (904) and/or a vehicle cdometer (902). The first and second position estimates are
combined and filtered to derive a third position estimate (118). Navigation of the vehicle (102,310) is
obtained using the position information (414), obstacle detection and avoidance data (416), and on board
vehicle data (908,910).

SUMMARY

[0008] The present disclosure provides a method for path correction of a vehicle travelling from a first
marker to a second marker as detailed in claim 1, an information processing apparatus as detailed in claim
6, and a non-transitory computer readable medium as detailed in claim 11. Advantageous features are
provided in dependent claims. The invention is defined by independent claims 1, 6 and 11. Any parts of this
description which portray features of the invention defined by claims 1, 6 and 11 as being optional must be
construed as representing examples which fall cutside the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various embodiments of the present disclosure that are provided as examples will be described in
detail with reference to the following figures, wherein like numerals reference like elements, and wherein:

Fig. 1 is a block diagram of a goods handling system in accordance with an embodiment;

Fig. 2 is a diagrammatic representation of a warehouse in which the goods handling system of Fig. 1 is
implemented,;

Fig. 3 is a diagrammatic representation of a transportation vehicle of the goods handling system shown in
Fig. 1;

Fig. 4 is a diagrammatic representation illustrating a vehicle transporting a goods rack of the goods
handling system shown in Fig. 1;

Fig. 5 is a diagrammatic representation of an operator station of the goods handling system shown in Fig. 1;

Fig. 6 is a diagrammatic representation illustrating relationships between markers of the goods handling
system according to graph theory;

Fig. 7 illustrates an exemplary map database according to an embodiment;

Fig. 8 is a block diagram illustrating functional components of a management system of the goods handling
system shown in Fig. 1;

Fig. 9 is a block diagram illustrating functional components of a vehicle of the goods handling system shown
in Fig. 1;

Fig. 10 is a block diagram illustrating functional components of an operator station of the goods handling
system shown in Fig. 1;

Fig. 11 is a flow diagram illustrating steps of an inventory process;

Fig. 12 is a flow diagram illustrating an item picking process;
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Fig. 13A and Fig. 13B depict a flow diagram illustrating an order fulfiiment process;
Fig. 14 is a diagram illustrating a methodology used for compensation of a navigation path of a vehicle;

Fig. 15 depicts an exemplary flowchart depicting the steps performed in path correction according to an
embodiment; and

Fig. 16 illustrates a block diagram of a computing device according to one embodiment.

DETAILED DESCRIPTION

[0010] Exemplary embodiments are illustrated in the referenced figures of the drawings. It is intended that
the embodiments and figures disclosed herein are to be considered illustrative rather than restrictive. No
limitation on the scope of the technology and of the claims that follow is to be imputed to the examples
shown in the drawings and discussed herein.

[0011] The embodiments are mainly described in terms of particular processes and systems provided in
particular implementations. However, the processes and systems will operate effectively in other
implementations. Phrases such as "an embodiment”, "one embodiment” and "another embodiment" may
refer to the same or different embodiments. The embodiments will be described with respect to methods
and compositions having certain components. However, the methods and compositions may include more
or less components than those shown, and variations in the arrangement and type of the components may
be made without departing from the scope of the present disclosure.

[0012] The exemplary embodiments are described in the context of methods having certain steps.
However, the methods and compositions operate effectively with additional steps and steps in different
orders that are not inconsistent with the exemplary embodiments. Thus, the present disclosure is not
intended to be limited to the embodiments shown, but is to be accorded the widest scope consistent with
the principles and features described herein and as limited only by the appended claims.

[0013] Furthermore, where a range of values is provided, it is to be understood that each intervening value
between an upper and lower limit of the range—and any other stated or intervening value in that stated
range is encompassed within the disclosure. Where the stated range includes upper and lower limits,
ranges excluding either of those limits are also included. Unless expressly stated, the terms used herein are
intended to have the plain and ordinary meaning as understood by those of ordinary skill in the art. The
following definitions are intended to aid the reader in understanding the present disclosure, but are not
intended to vary or otherwise limit the meaning of such terms unless specifically indicated.

[0014] Turning now to Fig. 1 is illustrated a goods handling system 10. The system 10 includes a plurality of
goods racks 12, each of which is configured to hold several goods items that may be included in an order,
such as a customer order. Goods handling system 10 also includes one or more operator stations 14 and a
plurality of vehicles 16 that transport goods racks 12 between a goods storage area 23 and one or more
operator stations 14. In an example, the vehicles can be transportation vehicles or transportation robots.

[0015] Movement of the transportation vehicles 16 is managed by a management system 18, in
communication with the operator station(s) 14 and the transportation vehicles 16, through a communication
network 19, such as a wireless communication network and the like. By one embodiment, the management
system 18 comprises an information processing apparatus such as a server (described later with reference
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to Fig. 8) that includes circuitry configured to control the navigational, monitoring, and other tasks described
herein. In operation, items required to fulfil an order are transported between the goods storage area 23
and the operator station 14 by at least one transportation vehicle 16. Orders are fulfilled in part, by
transporting racks 12 including items of the order. The goods handling system also includes markers 20a
and 20b that are disposed, for instance, on the floor of a warehouse, and that enable navigating the vehicle
16 from one point to another. The inbound inventory process and outbound order fulfiilment process are
managed in this example by the management system 18.

[0016] Fig. 2 illustrates an exemplary warehouse in which the goods handling system 10 of Fig. 1 can be
implemented. The warehouse includes a plurality of markers 20a-20d disposed on a floor 21 of the
warehouse. Fig. 2 illustrates multiple markers 20a-20d, which are classified by one embodiment, according
to the type and/or location of markers within the warehouse. However, only some of the markers (20a-20d)
have been labeled so as not to clutter the illustration. Reference to a particular marker 20a, 20b, 20c, or
20d could refer to any of the particular labeled markers.

[0017] The racks 12 are stored in a goods storage area 23. In this example, the markers can be
categorised as warehouse markers 20a disposed generally between the goods storage area 23 and the
operator station(s) 14a-14c. Rack markers 20b are associated with and disposed under a rack 12 when the
associated rack 12 is disposed at a defined storage location in the goods storage area 23. Queue entry
markers 20c are disposed at entry locations of station queues 22, and queue exit markers 20d are disposed
at exit locations of station queues 22. It will be understood, however, that markers may in addition, or
alternatively, be disposed elsewhere, such as on the walls.

[0018] By one embodiment, the markers 20a-20d are in the form of a machine readable barcode. However,
any machine readable markers that are capable of being individually identified such as an RFID tag, QR
codes and the like may be incorporated by embodiments described herein. Each marker 20a-20d has
associated unique identification information that is linked to navigational information. The identification
information can be used to control movement of a vehicle between one of a first marker 20a-20d and at
least one other of markers 20a-20d. For each marker 20a-20d, the navigational information defines the
direction and distance between the first marker 20a-20d and every other marker 20a-20d that has been
associated with the first marker 20a-20d. In some embodiments, other markers 20a-20d correspond to
possible obstacles or areas of interest from the first designated marker 20a-20d. The other markers 20a-
20d can be adjacent to the first marker 20a-20d or within a pre-determined distance.

[0019] From the navigational information, navigation paths can be defined between multiple markers 20a-
20d by identifying each marker 20a-20d, as a vehicle 16 passes over or adjacent to the marker 20a-20d. By
one embodiment, sensors, such as one or more cameras can be located on a bottom surface of vehicle 16.
As vehicle 16 drives across a marker 20a-20d, the sensor identifies the particular marker 20a-20d, and
thereby identifies a location of vehicle 16.

[0020] According to one embodiment, a server controls the navigation operations of the vehicles 16 in the
warehouse. Specifically, as a vehicle 16 traverses over a particular marker, the vehicle 16 captures an
image of the marker and transmits the captured image to the server. The server upon receiving the marker
image, processes the marker image, to determine the unique information identification associated with the
marker. Additionally or alternatively, by one embodiment, the vehicle 16 upon capturing the image of the
marker may process the image to determine the unique identification information and thereafter transmits
the identification information to the server.

[0021] The server processes the received marker image and/or the unique identification information
associated with the marker, to transmit navigational information that is stored in a map database (also
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referred to herein as a marker map and described later with reference to Fig. 7) to the vehicle 16. By one
embodiment, the server transmits navigational information to the vehicle 16 on a hop-by-hop basis.
Specifically, in order to navigate a vehicle 16 between a source marker and a destination marker, a
transportation path is computed (by the server) that indicates a sequence of markers between the source
marker and the destination marker that are to be traversed by the vehicle 16. Further, for the given
sequence of markers that are traversed by the vehicle 16, each time the vehicle 16 captures, and thereafter
transmits (to the server), the image of, or unique identification associated with, the marker at which it is
currently disposed over, the server transmits to the vehicle 16, navigational information from the current
marker to the next subsequent marker in the sequence of the markers.

[0022] By one embodiment, in order to navigate the vehicle 16 between the source marker and the
destination marker, the server computes a transportation path that indicates a sequence of markers
between the source marker and the destination marker that are to be traversed by the vehicle 16.
Thereafter, the server transmits to the vehicle 16, navigational information corresponding to the traversal of
a plurality of consecutive markers in the sequence of markers. For instance, the server may transmit
navigation information corresponding to the traversing of five consecutive markers in the sequence of
markers. In doing so, the present disclosure incurs the advantageous ability of utilizing the communication
bandwidth of the goods handling system 10 in an efficient manner.

[0023] It will be appreciated that since each marker 20a-20d has navigational information associated with it
that is used to instruct a vehicle 16 to move from one marker 20a-20d to an adjacent marker 20a-20d, the
markers 20a-20d do not need to be disposed on the floor 21 of the warehouse in any predefined pattern.
The markers 20 may be disposed on the floor 21 at locations that are appropriate for the configuration of
the warehouse. In addition, the markers 20a-20d may be disposed elsewhere, for example on walls or
racks.

[0024] Navigational information can also be used to prevent collisions and to prevent and resolve deadlock
situations with multiple vehicles 16. In an embodiment, a vehicle 16 can reserve a portion of its navigation
path before embarking on the navigation path. Portions of a navigation path are reserved since only one
vehicle 16 at a time can occupy the same portion or segment of a navigation path. If the portion of the
navigation path is available, the vehicle 16 makes the reservation and begins to move towards its
destination point. As the vehicle 16 passes through the reserved portion of its path, the reserved portion
becomes unreserved, so as not to hinder another vehicle 16 from travelling through the same reserved
portion. By one embodiment, the vehicle 16 continues to reserve successive portions of its navigation path
and un-reserve the travelled portions.

[0025] A moving reservation can be made to reserve a pre-determined number of path segments while a
vehicle 16 is travelling on a navigation path. The number of reserved path segments may be dependent
upon the particular region of the navigation path, such as turning a corner, traversing a one-way area,
moving around an obstacle, or any movement that would likely encumber another nearby vehicle 16 within
a section of the same navigation path.

[0026] According to one embodiment, two vehicles 16 may need to pass through the same region at the
same time, such as an intersection. In this situation, a vehicle 16 can reserve a portion of its navigation path
that traverses through the intersection. In addition, the vehicle 16 can place a safety reservation on the
intersecting portion of the intersecting path, so that another vehicle 16 does not travel through the
intersection while the first vehicle 16 is traveling through the intersection. After the first vehicle 16 has
travelled through the intersection, the first vehicle 16 can release the safety reservation.

[0027] According to one embodiment, a deadlock manager can be notified when a first vehicle 16, or an
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obstacle is blocking a second vehicle 16 in its navigation path. The deadlock manager can create a
dependency graph. When there is a cycle within the graph, i.e. a cyclic dependency, the deadlock manager
can take control of the deadlock situation and move one of the vehicles 16 in the cycle out of the loop so the
other vehicle 16 can proceed on its navigation path. If an obstacle is blocking a vehicle 16 from proceeding
forward, the navigation path can be altered by the deadlock manager to allow passage of the vehicle 16
back onto its navigation path.

[0028] Embodiments described herein can also prevent deadlock situations from occurring. When a
navigation path is calculated for a particular vehicle 16, the navigation path may be stored in a separate
database. When a vehicle 16 is about to reserve a particular section or segment of a navigation path, a
database query is performed to determine whether another vehicle 16 has a planned navigation path for
that particular section or segment under consideration. If so, a safety reservation of each segment of the
overlapping paths is made by the vehicle 16 until a section of the navigation path is reached in which there
is no potential deadlock point. No other vehicles 16 can reserve a segment or section in which a safety
reservation is present. In an embodiment, another vehicle 16 can enter and leave the safety zone, but it
cannot stop in the safety zone. Embodiments for preventing deadlock situations consider the actual
navigation path, as well as the time of travel upon the navigation path.

[0029] Fig. 3 depicts an exemplary transportation vehicle 16. The vehicle 16 may be a transportation
vehicle or a transportation robot. The vehicle 16 includes a body 30 and wheels 34, at least some of which
are individually controllable so as to control the speed and direction of movement of the vehicle 16. Various
types and sizes of wheels 34 are contemplated by embodiments described herein, which may depend upon
the type of floor surface. For example, smaller wheels can be used on a smooth hard floor surface,
whereas larger rubber wheels may be needed on a rough floor surface. A contact plate 36 can be
controllably raised or lowered relative to the body 30 in order to raise or lower a goods rack 12 disposed on
the transportation vehicle 16, and thereby facilitate transport of the goods rack 12 between the goods
storage area 23 and an operator station 14.

[0030] A goods rack 12 transported by a vehicle 16 is illustrated in Fig. 4. As illustrated, the contact plate 36
is disposed in a raised position and consequently raises the goods rack 12 relative to the floor 21. In an
example, the goods rack 12 can be raised by the contact plate 36 of the vehicle 16 by about 5-10 cm, for
example. However, other raised dimensions are contemplated by embodiments described herein, which
may depend upon factors such as the type of floor, the smoothness of the floor, the levelness of the floor,
and or a total weight of goods carried by the rack 12. For instance, if the weight of the goods on the rack is
above a certain predetermined threshold weight, the height of the rack can be set to a predetermined
height level (corresponding to the total weight) in order to ensure a low-centre of gravity of the vehicle. In
doing so, the present disclosure incurs the advantageous ability of ensuring that the rack is stable and
goods on the rack can be transported from one location to another without the fear of goods items toppling
over. Additionally, the goods rack 12 includes one or more shelves 40, each of which incorporates several
item-receiving locations that are capable of receiving goods items 42. The item-receiving locations may
further be separated by compartments thereby providing ease of access to an operator who is assigned to
a workstation in retrieving the goods.

[0031] Turning now to Fig. 5 is illustrated an exemplary operator station 14. The operator station 14 can be
configured as a pick and/or put station depending on whether the operator station 14 is used for one or
both of adding new goods items to the goods storage area 23 and retrieving items to fulfil all or a portion of
an order from the goods storage area 23.

[0032] As shown in Fig. 5, the operator station 14 includes a plurality of order bins 46, each order bin 46
being used to receive items that form part of an order. It will be understood that when retrieval of items to fill
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an order is automated, and disposal of the items in the order bins 46 is controlled by the system 10, the
system 10 is capable of fulfilling multiple orders at the same time. Multiple orders can also be fulfilled at the
same time when the pick and/or put station is able to accommodate more than one person.

[0033] The operator station 14 of Fig. 5 is illustrated during an order-fulfilment process, wherein goods
items 42 that form part of an order are retrieved from the goods storage area 23 and disposed in an order
bin 46 by an operator. The order bin 46 is assigned to the order by a server of the system 10. The operator
station 14 includes a control unit 48 configured to control and coordinate operations in the operator station
14. The operator station 14 also includes a pointing device 50, such as a laser pointer and a scanner 52
configured to scan an identifier disposed on a goods item 42. The identifier may be any computer-readable
identifier, including a line barcode or a matrix code, such as a QR code.

[0034] When goods items 42 are transported to the operator station 14 by a transportation vehicle 16, a
goods item 42 that forms part of an order currently being fulfilled is identified by a pointing device 50. In this
example, a laser pointer points towards the goods item 42. In one embodiment, the laser points to a code
that includes, but is not limited to a barcode or a matrix code. In addition, different laser colours can be
used to identify goods items 42 for multiple orders to be placed in associated multiple bins. The use of
different laser colours or other distinguishing identification methods is beneficial when the same goods rack
12 includes the same or different goods items that can fulfil multiple orders.

[0035] After removing the identified goods item 42 from the rack 12, the operator at the operator station 14
may scan the barcode or matrix code on the goods item 42 using the scanner 52. In doing so, the goods
item 42 may be verified by the control unit 48, thereby ensuring that the correct goods item 42 for the
current order has been removed from the rack 12. The appropriate order bin 46 for the goods item 42 is
then indicated to the operator, for example by illuminating a light at the order bin 46. In the case of different
laser colors, the light for the order bin 46 may be configured to match the laser color used for the
corresponding order.

[0036] By one embodiment, each marker 20a-20d has associated navigational information that identifies a
navigation path from a first marker to one or more other markers, such as markers that are located
adjacent to the first marker. In this way, a marker map is defined for all markers 20a-20d, with each marker
20a-20d having associated information that effectively defines the location of the first marker relative to
other markers along one or more pre-determined paths.

[0037] Fig. 6 illustrates a graph theory representation 60 of a marker map. The graph 60 includes nodes 62
(each of which represents one of the markers 20a-20d), and edges 66. Edges 66 indicate that a connection
exists between two markers 20a-20d. Specifically, an edge 66 connecting two markers indicates that a
vehicle 16 can directly travel from one marker to the other marker, without visiting any other intermediate
marker. Thus, all the edges considered as a whole, define the position of the markers 20a-20d relative to
each other.

[0038] According to one embodiment, the server may maintain data corresponding to the connectivity
relationship between the different markers in a database (referred to herein as a marker-map). The data
can be stored in a key-value type database, with the barcode (or unique identification information) as the
key and the properties associated with the barcode as the value. The properties can be defined in such a
way that certain requirements can be fulfilled, such as a listing of neighbour markers within the navigation
data and the like. Accordingly, rather than storing marker positions as absolute points in space, in the
present embodiment, the marker positions are stored relative to each other. In doing so, the present
disclosure provides the advantageous ability of identifying, in a time efficient manner, the connectivity
relationships between the markers. Accordingly, the server utilizes the marker-map to determine routes
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between a source marker and a destination marker.

[0039] By one embodiment, the marker map is a database system that stores all data related to detectable
points on a surface, such as a floor of a warehouse. Each point represents a two-dimensional area in
territory. The code from a first marker can be verified as being in the marker map. The code can be a
barcode, which is one point in a map structure denoted by a unique string, which is encoded into the
marker. Adjacent or nearby neighbour markers 20a-20d of the first marker can also be listed by storing the
marker information of each marker relative to every other marker. In doing so, a savings in processing
power and time consumed in calculating a distance to another marker is provided.

[0040] Embodiments described herein for a marker map are capable of determining whether a barcode
exists in the marker map, and further listing the barcodes of all neighboring markers of the marker. For a
particular barcode, the marker map lists neighbor markers, which will be affected if a rack of a particular
size is rotated about a barcode. The marker map can also list the neighboring markers, wherein a particular
vehicle 16 can travel to from its current barcode, depending upon the state of the vehicle 16. For each
neighbor of a barcode, the marker map stores navigational information as to how to reach each neighbor
marker. Navigational information may be in terms of a heading angle measured with respect to a reference
point, a distance to travel, and the like. However, it must be appreciated that other navigation identifications
can be used with embodiments described herein.

[0041] Additionally, the marker map may also store information pertaining to a navigation path between two
markers. A navigation path and instructions from the first marker to each neighbouring marker 20a-20d may
also be listed. Conditions, such as a raised lift carrying a rack 12, or a lowered lift are included in the
navigation instructions to each neighbour marker 20a-20d. In addition, any neighbouring markers 20a-20d,
which will be affected by the rotation of a particular sized rack 12, can be listed.

[0042] In what follows is described by one embodiment, a marker map structure that may be used with a
vehicle navigation system of the present disclosure. It must be appreciated that embodiments described
herein are not limited to the particular map structure. The particular map structure is represented in two-
dimensional space. However, other embodiments can utilize a three-dimensional (or higher) extension of
the particular map structure described herein.

[0043] Table | depicts an exemplary marker map structure illustrating information stored for markers. For
the sake of illustration, only information corresponding to four markers is depicted in Table |. However, it
must be appreciated that the marker map may store information corresponding to other barcodes as well.
In Table |, BARCODE corresponds to the barcode number of the marker, BOTID corresponds to the the
identification number of the vehicle currently disposed on the barcode , BLOCKED represents whether or
not the barcode is reserved, NEIGHBOURS is a 12-bit binary field storing information pertaining to the
neighbours of the marker, ZONE depicts the geographical area in the warehouse where the marker is
disposed, the SIZE_INFO numbers are the distance the current barcode is away from its four (north, east,
south and west) neighboring barcodes, and STORE_STATUS is binary entity depicting whether a rack can
be put at the barcode (1-yes, 0-no).

[0044] According to one embodiment, the field NEIGHBOR is a twelve digit binary field wherein, three digits
are reserved for each barcode that is an immediate neighbor of the barcode in the North, South, East, and
West direction respectively. However, a neighbor in each of those directions is not necessarily present for
each barcode. Each of the three digits (corresponding to a direction) represents the following information
(expressed with reference to the North direction): (a) whether a barcode exists exist in the north direction?
(1-yes, 0-no), (b) can a vehicle travel to the north barcode without a rack? (1-yes, 0-no), and (c) can the
vehicle travel to the north barcode with a rack? (1-yes, 0-no).
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Table- |: Marker map structure.

BARCODE; BOTID jBLOCKED jNEIGHBOURS ZONE {SIZE_INFO STORE_
STATUS
12.018 Null True 1,1,1,1,1,1,1,1,1,1,1,1§Default {750,610,750,610}1
20.012 Null False 1,1,1,1,1,1,0,1,1,1,1,1jDefault {610,610,610,610 1
17.022 \/56hicle True 1,1,1,0,1,1,1,1,1,1,1,1iCharging {750,610,750,610 { 0
17.017 \2/ehicle- True 0,1,1,1,1,1,1,1,1,1,1,1{Storage {620,610,610,610 {1

[0045] Fig. 7 depicts a table 70 according to one embodiment, illustrating partial data from another
exemplary marker map. The data is indicative of each marker 20a-20d relative to other markers 20a-20d.
The navigational information indicative of the positions of the markers 20a-20d and their relative positions to
other markers 20a-20d is stored in a database.

[0046] The table 70 includes a source field 72 including unique information identifying a source marker, a
destination field 74 specifying a destination marker, and a method of traversal field 76 that indicates
whether a transportation vehicle is required to travel over relatively flat ground, in an elevator, or on an
incline between the source and destination markers. Table 70 also includes a details field 78 of the
direction, elevation, and distance navigation values that define the navigational information required for a
transportation vehicle 16 to move along a navigation path from the source marker to the destination marker.
Additionally, Table 70 includes a cost field 80 that indicates the respective 'cost' of the transportation vehicle
16 moving along the navigation path in terms of the amount of time taken.

[0047] In the exemplary data illustrated in Fig. 7, the goods storage area 23 may be disposed over several
levels (stories) of a building. Therefore, in order to travel between different levels of the building, the
transportation vehicle 16 may be required to travel in an elevator. For this purpose, a marker may be
disposed in the elevator. As illustrated in table 70, for a marker disposed in an elevator, the source and
destination fields 72, 74 also include information indicative of the current floor, such as floor 21 at which the
elevator is disposed. The details field 78 also includes information that uniquely identifies the elevator. In
another embodiment, each floor level could be assigned one or more vehicles 16. As a result, only the rack
12 may need to travel in the elevator without the vehicle 16. The rack 12 could be loaded and unloaded by
different vehicles 16, wherein a first vehicle 16 could load the rack 12 onto the elevator at the first floor
level, and a second vehicle 16 could unload the rack 12 from the elevator at the second floor level.

[0048] Turning to Fig. 8 is depicted an exemplary block diagram 81 illustrating functional components of a
management system of the goods handling system. The functional components 81 are implemented by
circuitry and use any suitable arrangement, for example a suitable computing device with associated
processor(s), memory, and data storage (described later with reference to Fig. 16). In an embodiment, the
functional components 81 include one (or more) servers working in conjunction with one or more
databases. It must be appreciated that the servers described herein are not limited to any specific
combination or hardware circuitry and/or software.

[0049] The functional components 81 include a data storage device 82, such as a hard disc drive (HDD) or
a solid state device (SSD), represented in Fig. 8 as a database, although it will be understood that any
suitable data storage arrangement is contemplated by embodiments described herein. The data storage
device 82 is arranged to store marker data 83 indicative of a marker map of the type represented in Figs. 6
and 7, and Table |. Marker map 83 can include the unique identifying information associated with each
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marker 20a-20d and the navigational relationships with other markers 20a-20d.

[0050] The functional components 81 also include an inventory manager 84 that manages the process of
adding new goods items 42 to the warehouse, and records the current inventory of goods items 42 in an
inventory database 86. The inventory database 86 also includes information indicative of the respective
storage locations of the racks 12 in the warehouse and of the locations of the goods items 42 on the racks
12. In this way, the storage locations of all goods items 42 in the warehouse are known.

[0051] An order generator 88 manages receipt of orders from customers, such as orders received through
an on-line checkout system associated with an electronic commerce website. Created orders are managed
by an order manager 90 that stores details of the created orders as order entries in a pending orders
database 92. The order manager 90 handles the orders posted by a client, such as posted orders through
a network interface 112. The network interface 112 formats the incoming order to process them and posts
them to the system 10 using one or more order application programming interfaces (APIs). The orders are
posted to the pending orders list.

[0052] By one embodiment, the order manager 90 forms an order processing loop in which pending orders
are to be processed, in order to find the optimum order under present conditions in which to process the
pending orders. For a large volume of pending orders, filters can be used to obtain desired results. For
instance, a first exemplary filter is an incoming racks filter. If any pending orders can be fulfilled by a rack
that is already located at an order-processing station, those orders are placed at a higher position on the
pending orders queue to increase the chances of those orders being processed, while at least one of the
necessary racks 12 is still located at the order-processing station. Additionally, a second exemplary filter
may be a client priority filter, or an orders priority filter in which specially-designated orders have been
flagged for expedited service. A third exemplary filter may be an age filter (i.e., how long has a current order
been pending the system) in which older orders are processed before newer orders.

[0053] The order manager 90 also manages the timing fulfiment of the pending orders in the orders
database 92. In an example, the order manager 90 is configured to initiate the processing of a pending
order when a trigger signal is generated to indicate that an order bin 46 at an operator station 14 is
available to fulfil an order.

[0054] The prioritized pending orders list is forwarded to an order processing loop to get a set of goods
inventory that can fulfil the order. All combinations of goods items (along with their associated rack 12
identification) and the different order-processing stations are generated to form item fulfilling combinations
(IFCs), also referred to herein as an order-fulfilling list (OFL). Different rack combinations are generated for
each IFC, i.e. the combination of racks containing goods items 42 for the particular order at a particular
order-processing station.

[0055] The order manager 90 manages the sequence of fulfilment of pending orders by calculating a 'cost'
of each pending order and initiating fulfilment of orders based on a minimum 'cost'. The order ‘cost' is
related to the time taken to transport all of the required racks for an order to a designated operator station
14. However, other cost factors may replace or be considered along with the time taken in other
embodiments.

[0056] In an embodiment, the 'cost' can be subdivided into a distance cost, a racks cost, and a pick and/or
place station (PPS) load cost. The distance cost can include the total distance to be covered by the one or
more vehicles 16 between the selected racks 12 and the PPS for completion of the order. A racks cost
includes the total number of racks 12 used to complete an order. Rack combinations having a fewer
number of racks will minimize travel time of the one or more vehicles 16 in completing an order. A PPS load
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cost includes finding an optimum balance between the nearest or nearby PPSs and availability or minimal
wait time at each PPS. A PPS is one example of an order-processing station. However, any station
configured to organize, assemble, and/or prepare items for shipment is contemplated by embodiments
described herein. An order-processing station could also be used to organize, assemble, and/or redirect
items within a manufacturing environment.

[0057] For each order selected for processing, an operator station 14 is selected, one or more racks 12
that include the goods items 42 required for the order are reserved, and an order bin 46 at the operator
station 14 is reserved. In order to calculate the cost of a pending order, all racks 12 that could potentially
provide a goods item 42 are first identified and a rack set listing of the identified racks holding the goods
item 42 is defined. A rack set listing is defined for each goods item 42. A rack combination comprising a
rack 12 selected from each rack set is then selected from the determined rack sets by calculating the

following heuristic for each rack combination:
Heuristic, H = Distance / (1 + No. of Common Racks) (H
where Distance is the combined distance of all racks 12 in a rack combination from an available order bin

46, and No. of Common Racks is the number of racks 12 in the rack combination that are common to more
than one rack set. The heuristic H is calculated for all available order bins of the operator stations 14.

[0058] By one embodiment, the rack combination with the smallest or least heuristic H value is selected and
the 'cost' associated with the selected rack combination is the time required for all racks 12 in the
combination to move to the operator station 14 with the selected order bin 46. Further, the racks 12 that are
included in the selected rack combination are reserved and identified in a reserved database 94. In a similar
manner, the selected operator station 14 and the selected order bin 46 at the operator station 14 are also
reserved by specifying the selected operator station 14 and order bin 46 in the reserved database 94.

[0059] Additionally, the functional components of block diagram 81 also include a task manager 96 that
selects at least one vehicle 16 for the fulfiiment of an order, when the order is selected for processing. The
vehicles 16 are selected based on availability, task priority, and 'cost' of the task. The available vehicles 16
are identified and within the identified available vehicles 16, a set of vehicles are selected based on vehicles
16 currently free or in a pause state and proximity of the vehicles 16 to the racks 12 in the selected rack
combination for the order. Each selected vehicle 16 is assigned a task to retrieve a particular rack 12 from
the goods storage area 23. The vehicle(s) 16 selected for the order are stored in an assigned vehicles
database 98.

[0060] The functional components of the block diagram 81 also include a planner 100 that controls and
coordinates the planning and reservation of navigation paths for the selected vehicles 16 within a vehicle
map structure. The planner 100 also plans for implementation of the movements of the vehicles 16 to and
from the selected operator station 14, including control over vehicle start/stop actions and vehicle
pausing/unpausing actions. The planner 100 also manages charging of the vehicles 16, including checking
the charge state of the vehicles 16 and movement of the vehicles 16 requiring charging to a vehicle
charging station. The planner 100 plans the execution of an assigned task, which includes but is not limited
to, waiting for the vehicle 16 to achieve a ready state, changing the reservation status and updating the
status of the task, checking the charge level of the vehicles 16, and assigning tasks to be charged.
Managing the flow of vehicles 16 into and out of a charging station is also controlled by the planner 100.

[0061] The planner 100 includes a path calculator 102 that calculates transportation paths for each of the
vehicles 16 in the set of vehicles selected for fulfiment of an order. Each transportation path defines a
sequence of markers 20a-20d that a vehicle 16 will follow in order to transport a rack 12 to a rack storage
location in the goods storage area 23 and between the rack storage location and the operator station 14.
Calculated transportation paths for each vehicle 16 are stored in a defined paths database 103. By one
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embodiment, the 'cost' of each defined transportation path is based on the time taken to travel from an
initial source to a final destination. The calculation of a navigation path may further depend upon the lift
state of the rack 12. For instance, by one embodiment, if the lift state is up, then all other racks 12 are
considered as obstacles along with the physical obstacles that may lie in the path. However, if the lift state is
down, only the physical obstacles need to be considered.

[0062] According to one embodiment, the transportation paths for the vehicles 16 are computed using an

A* algorithm. The algorithm uses the relationship between the markers 20a-20d, which can be defined
according to graph theory as illustrated in Fig. 6, to calculate an efficient path through the markers 20a-20d

from a source marker to a destination marker. An A* algorithm uses a best-first search and finds a least-

cost path from a given initial node to one goal node chosen from one or more possible goals. As A*
traverses a graph, it builds up a tree of partial paths. The leaves of the tree (referred to as an open set or
the fringe) are stored in a priority queue that orders the leaf nodes by a cost function. It combines a
heuristic estimate of the cost to reach a goal and the distance travelled from the initial node.

[0063] The cost function can be represented by f(n) = g(n) + h(n), wherein g(n) is the known cost of getting
from the initial node to n, and this value is tracked by the algorithm. The parameter h(n) is a heuristic
estimate of the cost to get from n to any goal node. For the algorithm to find the actual shortest path, the
heuristic function must be admissible, meaning that it should not over estimate the actual cost to get to the
nearest goal node. The heuristic function is problem-specific and is provided by the user of the algorithm.

[0064] The planner 100 also includes a vehicle navigator 104 that manages movements of each vehicle 16
individually according to the respective transportation paths defined for the vehicles 16. The vehicle
navigator 104 is responsible for controlling movement of a vehicle 16 along the sequence of markers 20a-
20d in the transportation path, and handling communications received from the vehicles 16.

[0065] As a vehicle 16 arrives at a marker 20a-20d, the marker 20a-20d is detected by the vehicle 16 and
marker information, such as unique identification information associated with the detected marker 20a-20d
and/or a captured image of the marker, is communicated to the vehicle navigator 104 through the wireless
communication network 19. Based on the received information, the vehicle navigator 104 verifies that the
identified marker 20a-20d corresponds to the expected marker 20a-20d in the transportation path, and
communicates navigational information to the vehicle 16 in order to direct the vehicle 16 to a subsequent
marker 20a-20d in the transportation path. In an example, the navigational information is in the form of a
bearing value and a distance value derived from the navigational information stored in the marker database
83 and illustrated in tabular form in Fig. 7. That is, the vehicle navigator 104 sends navigational information
to the vehicle 16 for each separate marker 20a-20d (i.e., in a hop-by-hop basis, as stated previously).

[0066] The vehicle navigator 104 also calculates the position of a centroid of the vehicle 16 relative to a
marker 20a-20d, and the orientation of the vehicle 16 relative to the marker 20a-20d. The position can be
calculated using an image captured by a sensor and/or camera, such as the sensor/camera 134 illustrated
in Fig. 9. The offset position of the vehicle 16 relative to a detected marker 20a-20d can be calculated there
from with reference to Fig. 14. The current positions of the vehicles 16 are stored in a vehicle location
database 105. As a result, the planner 100 is aware of the locations of all vehicles 16 at all times.

[0067] In addition to navigating vehicles 16 along their paths, the vehicle navigator 104 also receives and
processes messages from the vehicles 16. By one embodiment, a first type of message received from a
vehicle 16 is an initiate message. An initiate message is transmitted to the vehicle navigator 104 when a
vehicle 16 starts up or reboots. The initiate message may be transmitted as a data packet that includes
information corresponding to a scanned marker. If the scanned marker is a valid, the initiate message is
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processed by the vehicle manager 110, which thereafter transmits navigational directions to the vehicle.

[0068] A second type of message received by the vehicle navigator 104 from a vehicle 16 is a warning
message. Awarning data packet is received by the vehicle navigator 104 when a vehicle 16 reaches a valid
navigation marker which is not reserved for the vehicle 16. In this situation, the navigation marker at which
the vehicle 16 is located can be reserved and if possible, the next navigation marker in the navigation path
is also reserved. However, if the current navigation marker is reserved by another vehicle 16, the first
vehicle 16 is stopped from travelling any further.

[0069] A third type of message received by the vehicle navigator 104 from a vehicle 16 is an information
message. An information data packet is sent to the vehicle navigator 104 to update a position of a rack 12 if
the vehicle 16 has lifted or is carrying a rack 12. The vehicle navigator 104 informs pertinent personnel of a
movement of the rack 12 and informs the vehicle manager 110 to check for any related tasks to be
completed. An information packet can also un-reserve an old position if it exists and un-reserve turn
reservations when they are completed. The vehicle navigator 104 updates vehicle 16 information in a
relevant vehicle database, such as assigned vehicles database 98, vehicle location database 105, defined
transportation paths database 103, or reserved paths and markers database 108. The vehicle navigator
104 can also determine if the destination navigation marker has been reached or if the next reservation
navigation marker has been reached.

[0070] A fourth type of message received by the vehicle navigator 104 from a vehicle 16 is an error
message. An error message is received by the vehicle navigator 104 when the barcode from an invalid
navigation marker is read by the vehicle 16. Error packets can also be sent to the vehicle navigator 104
when an instruction to the vehicle 16 cannot be processed by the vehicle 16.

[0071] The vehicle navigator 104 can also be configured to manage movements of the vehicles 16 so that
collisions are avoided. In one embodiment, collision management is achieved by managing the path and
marker reservations, such that each navigation path between two markers (referred to herein as a
segment) is reserved shortly before the vehicle 16 arrives. However, movement in a subsequent navigation
path (i.e., a segment of the navigation path) is not allowed until the navigation path is reserved. If the
navigation path is already reserved by another vehicle 16, then the vehicle 16 wishing to reserve the
navigation path enters a wait state. However, in certain embodiments, a previous reservation may be
canceled, and rescheduled, based on priority information, for example when a particular order is assigned a
higher priority than the order being fulfilled using the existing reservation. By one embodiment, specific
paths in a particular section of the warehouse may be cleared for repair or support.

[0072] Further, it must be appreciated that since the end-to-end transportation path (i.e., from the source
marker to the destination marker) for each vehicle 16 is not reserved at one time instant, there may be a
deadlock situation, as two vehicles 16 may wish to move in opposite directions along similar paths. In order
to resolve deadlocks, one of the vehicles 16 needs to move out of the way. Accordingly, the vehicle
navigator 104 can be configured to actively control one of the vehicles 16 involved in the deadlock situation
to move away from the designated path, thereby allowing the other vehicle 16 in the deadlock situation to
move according to its designated transportation path.

[0073] By one embodiment, the vehicle navigator 104 can be configured to actively prevent deadlock
situations from occurring. When the vehicle navigator 104 attempts to reserve a marker 20a-20d for a
vehicle 16, the vehicle navigator 104 checks whether another vehicle 16 also has a transportation path
defined that passes through the marker 20a-20d. If so, the vehicle navigator 104 reserves markers 20a-20d
for the vehicle 16 as safety reservations. For markers 20a-20d reserved as safety reservations, another
vehicle 16 cannot reserve a marker 20a-20d in the safety reservations unless a marker 20a-20d is also
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reserved that enables the other vehicle 16 to exit the safety reserved marker 20a-20d. In other words, after
a safety reservation has been made, no other vehicle 16 will be allowed to remain in the safety reserved
region. Furthermore, collisions and deadlocks can be prevented by managing movements of the vehicles
16 based upon the reserved markers 20a-20d and navigation paths, and by controlling the timing of
movements of the vehicles 16. As a result, collisions can be avoided by causing a vehicle 16 to wait, or by
actively modifying the speed of movement of the vehicle 16.

[0074] By an embodiment of the present disclosure, navigation variables can be used by the vehicle
navigator 104 in processing a navigation path. A first variable referred to herein as a segment length
variable corresponds to a length of the navigation path that is to be reserved for a vehicle 16. A second
variable referred to herein as reservation distance variable corresponds to the distance to the end of a
navigation path. After a navigation path has been determined, a first segment length in the navigation path
is reserved. The next segment, as well as the navigation marker at which the next reservation will be made
is calculated. When the vehicle 16 reaches the next reservation position, another reservation distance is
calculated. The above process continues until the vehicle 16 reaches its destination of the navigation path.

[0075] Furthermore, if there is a turn in a navigation path, a reservation distance is calculated for
neighboring navigation markers. If a moving vehicle 16 or a turning vehicle 16 is found in a navigation path
segment to be reserved, no reservation is made and a fail position is calculated. Additionally, by one
embodiment, if an idle vehicle is disposed at the destination, the calculations cannot be completed. The
vehicle 16 is either set to idle or it enters a wait state. By one embodiment, if an idle vehicle 16 is found in
the segment to be reserved, a new path is calculated.

[0076] The planner 100 also includes a reservation manager 106 that manages reservations of markers
20a-20d and navigation paths between markers 20a-20d to avoid collisions between vehicles 16. The
planner 100 stores information indicative of the reserved markers 20a-20d and navigation paths in a
reserved paths and markers database 108.

[0077] The planner 100 also includes a vehicle manager 110 that controls the vehicle's start and stop
operations and control the movement of the contact plate 36 of the vehicle 16 between raised and lowered
positions. The vehicle manager 110 also manages the charge level of the vehicles 16, including checking
the charge state of the vehicles 16 and managing movement of the vehicles 16 requiring charging to a
vehicle charging station. Additionally, as shown in Fig. 8, the functional components of the block diagram 81
of the management system 18 may also include a network interface 112 that facilitates networked
communications between the management system 18, the vehicles 16, and the operator stations 14.

[0078] Functional components 118 of a vehicle 16, such as a transportation vehicle or transportation robot
are illustrated in Fig. 9. The functional components 118 include a network interface 120 that facilitates
networked communications between the vehicle 16 and each of the management system 18 and the
operator stations 14. A microcontroller 122 (implemented with circuitry, and described later with reference to
Fig. 16) controls and coordinates operations in the vehicle 16, and performs dedicated tasks such as
managing detection of markers 20a-20d, managing control of vehicle movement according to instructions
received from the vehicle navigator 104, and applying a compensation path, such as a recalculated
navigation path using a Bezier curve, to the determined transportation path between markers 20a-20d. The
microcontroller 122 communicates with a motor driver 124 to control one or more motors 126 associated
with the vehicle wheels 34, and thereby control the speed and direction of the vehicle 16.

[0079] The functional components 118 also include a lifting device 130 that controllably raises or lowers a
contact plate 36 in response to instructions from the microcontroller 122. Instructions from the
microcontroller 122 can be generated in response to instructions received from the vehicle manager 110.



DK/EP 3254059 T3

[0080] The functional components 118 also include at least one sensor 134, such as a camera or RFID
reader, arranged to detect a marker 20a-20d when the vehicle 16 travels close to the marker 20a-20d. The
sensor/camera 134 can obtain unique identification information that is associated with the marker 20a-20d.
The obtained unique identification information is communicated to the planner 100 by the microcontroller
122 so that the current location of the vehicle 16 can be determined.

[0081] The sensor(s)/camera 134 can also be used to determine an offset between a location of the vehicle
16 and a location of a detected marker 20a-20d. The offset can be used to modify the transportation path
defined between the detected marker 20a-20d and a subsequent marker 20a-20d in the transportation path
(described later with reference to Fig. 14). This is achieved by capturing an image, including the marker
20a-20d and forwarding the image to the planner 100 for processing. In one embodiment, the offset is
calculated by the vehicle 16. Since the location and orientation of the captured image relative to the vehicle
16 is known, it is possible to determine the location and orientation of the marker 20a-20d relative of the
vehicle 16.

[0082] The functional components 118 also include a weigher 138 that produces a weight measurement
when the vehicle 16 is transporting a rack 12. The weight measurement can be used by the microcontroller
122 to calculate movement parameters for a loaded vehicle 16, such as appropriate acceleration and
deceleration parameters in consideration of the weight of the rack 12 being transported by the vehicle 16.
The movement parameters can also be calculated based on whether the contact plate 36 is in a raised or
lowered position.

[0083] The weigher 138 can also be used to determine a weight distribution profile by using the known
centre of gravity of an empty rack 12, the known weight of each goods item 42, and the positions of the
goods items 42 on the rack 12. The weight distribution profile can be used to calculate the centre of gravity
of the rack and loaded goods items 42, which is then used to ensure that the centre of gravity of the loaded
rack 12 is within a defined range. In doing so, it is ensured that the loaded rack 12 does not bounce too
much during transportation.

[0084] By one embodiment, the z component of the centre of gravity of a loaded rack 12 can be
manipulated by adjusting the locations of the goods items 42 on the rack 12, in such a manner that the
centre of gravity is not too high. It must be appreciated that the centre of gravity (COG) for the loaded rack
can be computed based on a reference point on the rack and a distribution of goods items 42 on the rack
12 (i.e., the COG of each item). In addition, in relation to the x-y component of the centre of gravity, a cost
value can be calculated for all goods item 42 receiving locations on the rack 12, each time a goods item 42
is added to or removed from a rack 12. The cost value may correspond to the amount by which the loaded
rack 12 will deviate from the centre of gravity.

[0085] The microcontroller 122 may be configured to implement defined functionality in the vehicle 16,
including control of the motors 126 in response to instructions from the planner 100, control of the lifting
device 130 in response to instructions from the planner 100, management of communications with the
sensors/camera 134 and the weigher 138, and management of communications to and from the network
interface 120.

[0086] Functional components 139 of an operator station 14 are illustrated in Fig. 10. The functional
components 139 include a network interface 140 that facilitates networked communications between the
operator station 14, the management system 18, and the vehicles 16. A control unit 142 controls and
coordinate operations in the operator station 14. The control unit 142 is configured to implement defined
functionality, such as an inward items process 144 and an outward items process 146.
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[0087] The inward items process 144 manages reception of new items of inventory into the goods handling
system 10, both in a physical sense and an electronic sense. In a physical sense, a new goods item 42 is
disposed on a selected rack 12, and the rack 12 is transported to a storage location in the goods storage
area 23. In an electronic sense, the presence and location of the goods item 42 is recorded in the inventory
database 86.

[0088] The outward items process 146 manages retrieval of goods items 42 from the goods handling
system 10, both in a physical sense and an electronic sense. In a physical sense, a goods item 42 forming
part of an order is retrieved from a rack 12 in the goods storage area 23. In an electronic sense, a record of
the retrieved item is removed from the inventory database 86.

[0089] The functional components 139 also include a pointing device 50 and a scanner 52. The pointing
device 50 operates in conjunction with the inward items process 144 and the outward items process 146 to
coordinate retrieval of the correct goods item(s) 42 from the rack(s) 12 and placement of the goods items
42 at the correct locations on the rack(s) 12. The scanner 52 is configured to scan identifiers on the goods
items 42, such as the barcodes on the goods items 42, as they are picked from a rack 12 during order
fulfilment or placed onto a rack 12 during addition of new inventory. The scanned barcodes enable the
operator station 14 to check and verify whether the scanned goods item 42 is correct. In addition, or as an
alternative to scanning the code, an object recognition device can be used to verify the scanned goods item
42 is correct.

[0090] Fig. 11 depicts an exemplary flowchart 160 illustrating steps performed in an inventory process that
is implemented by the goods handling system 10.

[0091] New inventory of goods items 42 arrives at the warehouse in step 162. For each goods item 42
received, an operator at an operator station 14 scans an identifier, such as a barcode on the goods item 42,
using the scanner 52 in step 164. The operator station 14 communicates information indicative of the goods
item 42 to the inventory manager 84 of the management system 18. The inventory manager 84 adds a
record of the goods item 42 to the inventory database 86 and communicates the desired location of the
goods item 42 in the goods storage area 23 to the operator station 14. For example, the rack 12 on which
the goods item 42 should be stored and the location of placement of the goods item 42 on the rack 12 are
communicated to the operator station 14. In an embodiment, instructions can be given by the inventory
manager 84 to change the placement of one or more goods items 42 to optimize organization of the total
goods items 42 on the rack 12.

[0092] Further, based upon the location communication received from the management system 18, the
inward items process 144 instructs a vehicle 16 to retrieve the relevant rack 12 from the goods storage area
23 in step 166. After the rack 12 has been transported 168 to the operator station 14, the pointing device 50
indicates the location on the rack 12 where the goods item 42 should be placed in step 168. For example, a
laser pointer can point at the location on the rack 12 in which the goods item 42 should be placed in step
170.

[0093] In step 172, it is determined whether another goods item 42 is to be stored on the same rack 12. If
another goods item 42 is to be placed on the same rack 12, the additional goods item 42 is scanned and
placed at a particular location on the rack 12 indicated to the operator by the pointing device 50 in step 174.
If no additional goods items 42 are to be placed on the same rack 12, the rack 12 is transported back to a
defined storage location in the goods storage area 23 in step 176. It is determined whether there is an
additional goods item 42 in the new inventory in step 178. The process is repeated for each new inventory
goods item 42 to be stored in the goods storage area 23 in step 178. When there are no additional goods
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items 42 in the new inventory, the process ends at step 180.

[0094] Fig. 12 depicts a flow diagram 190 illustrating steps 192 to 212 of an item picking process
implemented by the goods handling system 10. By one embodiment, an order-processing server adds
incoming orders to an order queue. An order is triggered for processing by the order manager 90 of the
management system 18 in step 192. The order-processing server determines the best set of racks (i.e., the
racks having the smallest rack cost) to fulfil the order in the order queue. When the best set of racks has
been determined, a task-assignment server calculates the best set of vehicles to carry the set of racks to
the operator station 14 for an inventory retrieval process. A path-calculating server calculates the most
efficient navigation paths for the selected vehicles in which there are no over-lapping regions within the
navigation paths.

[0095] For a goods item 42 forming part of the order, the vehicle navigator 104 instructs a vehicle 16 to
retrieve a selected rack 12 containing the goods item 42 in the order from the goods storage area 23 in
step 194. Step 194 can be achieved by successively communicating navigation instructions to the vehicle
16 to indicate successive navigation paths to travel between markers 20a-20d. When the vehicle 16
reaches the selected rack 12, the selected rack 12 is identified using the navigation marker under the
selected rack 12. The vehicle navigator 104 aligns the centroid of the vehicle with the centre of the selected
rack 12 using data from the navigation marker to ensure the selected rack 12 is aligned during the rack lift
and transport. The selected rack 12 is lifted from the ground by increasing the height of the lift head of the
vehicle 16. As an example, the selected rack is lifted approximately 5-10 cm from the ground for transport.

[0096] The vehicle 16 transports the selected rack 12 containing the goods item 42 to the operator station
14 in step 196. The vehicles carry their selected racks 12 to the operator station 14 using previously-
calculated acceleration and deceleration profiles for each associated vehicle 16. When the selected rack 12
arrives at the operator station 14 in step 198, control of each vehicle 16 is transferred to a queue
management server. The queue management server moves the vehicles 16 in the order-processing queue.
When the vehicle 16 has reached a pick point at the operator station 14, a pointing device 50 points to the
location on the rack 12 where the goods item 42 is to be located in step 200. In an example, a laser pointer
is directed at the location on the rack 12.

[0097] The operator at the operator station 14 retrieves the identified goods item 42 from the rack 12 and
scans an identifier located on the goods item 42 in step 202. In response, the operator station 14
communicates information indicative of the goods item 42 to verify whether the correct goods item 42 has
been selected in step 204. If the item is verified as correct, the information indicative of the goods item 42 is
also communicated to the inventory manager 84 of the management system 18, which removes a record of
the goods item 42 from the inventory database 86.

[0098] In step 206, it is determined whether another goods item 42 is stored on the same rack 12. If an
additional goods item 42 is to be picked from the same rack 12, the pointing device 50 indicates the location
on the rack 12 where the additional goods item 42 to be picked is located, and the above process is
repeated for each additional goods item 42.

[0099] Additionally, by one embodiment, goods items 42 on a rack may not be in an optimum arrangement.
For example, added inventory of goods items 42 may have originally been placed in an optimum location.
However, with further added inventory, the rack space may not be utilized to its fullest potential, or a centre
of gravity may have shifted off balance. Therefore, the inventory manager 84 may send instructions to
reorganize some or all of the goods items 42 on the rack 12.

[0100] Further, if no further goods items 42 are to be picked from the same rack 12, the rack 12 is
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transported back to a defined storage location in the goods storage area 23 in step 208. In step 210, it is
determined whether there are additional goods items 42 in the order in step 210. The process is repeated
for each additional new goods item 42 in the order that is to be retrieved from the goods storage area 23.
When there are no additional goods items 42 in the order, the process ends at step 212.

[0101] Turning now to Figs. 13A and 13B is depicted a flowchart 220 illustrating the steps performed in an
order fulfilment process and control of vehicle movement.

[0102] Orders are received at the management system 18 using an order generator 88, for example
through an electronic commerce website in step 222. The received orders are recorded in the orders
database 92 by the order manager 90 and placed in an order queue in step 224. In step 226, it is
determined whether an order has been triggered. When an order is triggered for fulfillment, the task
manager 96 determines the preferred rack combination for fulfillment of the order based on the heuristic
calculation described above in step 228. The task manager 96 determines the best set of vehicles 16 to
carry out retrieval of each of the determined racks 12 based on the locations of the vehicles 16 relative to
the racks 12 in step 230.

[0103] For each rack 12 in the rack combination, the path calculator 102 at the management system 18
calculates the transportation path to be followed by each vehicle 16 during retrieval of the racks 12 in step
232. The transportation path of the vehicle 16 in going back to the goods storage area 23 is also

determined. In an embodiment, the transportation paths are calculated using an A* algorithm. The
transportation path defines the sequence of markers 20a-20d through which a vehicle 16 will pass in order
to travel from its current location to the relevant rack 12 in the goods storage area 23, or the sequence of
markers 20a-20d through which a vehicle 16 will pass in order to travel from the goods storage area 23 to
the operator station 14.

[0104] For each vehicle 16 assigned to retrieve a rack 12 from the goods storage area 23, the vehicle
navigator 104 communicates navigation instructions to the vehicle 16, which indicates a segmented
navigation path to travel from the current marker 20a-20d to a subsequent marker 20a-20d in the defined
transportation path in step 234. Such navigational information includes direction information, for example in
the form of a bearing, and distance information indicative of the distance between the current marker 20a-
20d and the subsequent marker 20a-20d. When the vehicle 16 arrives at the subsequent marker 20a-20d,
the vehicle 16 reads the unique identification information associated with the subsequent marker 20a-20d
using the sensors 134, and communicates the information indicative of the subsequent marker 20a-20d to
the vehicle navigator 104 in step 236.

[0105] In step 238, it is determined whether the vehicle 16 has arrived at the marker 20b of the determined
rack 12 to be retrieved. If the subsequent marker 20a-20d is not the determined rack marker 20b, the
vehicle navigator 104 communicates further navigation instructions to the vehicle 16, which indicates to the
vehicle 16 how to travel from the current marker 20a-20d to a further subsequent marker 20a-20d in the
defined transportation path. This process continues until the subsequent marker 20a-20d of the determined
rack marker 20b has been reached. In the event a marker 20a-20d is completely missed and a vehicle 16 is
temporarily "lost," the vehicle 16 can be instructed to stop and/or positional sensors on the vehicle 16 can
be retrieved.

[0106] When the vehicle 16 arrives at the rack marker 20b disposed underneath the rack 12 to be
retrieved, the position determiner 132 determines the position of the vehicle 16 relative to the rack 12 and if
necessary, the vehicle 16 moves relative to the rack 12 in order to properly align the vehicle 16 with the rack
12 in step 240. Sensors 134 on the vehicle 16 assist the position determiner 132 in properly aligning the
vehicle 16 with the rack 12. After alignment, the vehicle manager 110 sends a communication to the vehicle
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16 to instruct the vehicle 16 to raise the rack 12 from the ground by raising the contact plate 36 from the
lowered position to the raised position in step 242.

[0107] The vehicle 16 moves towards the operator station 14 along a further defined transportation path.
The vehicle navigator 104 communicates navigation instructions to the vehicle 16, which indicates to the
vehicle 16 how to travel from the current rack marker 20b to a subsequent marker 20a-20d in the defined
transportation path in step 244. Navigational information can include direction information, for example in
the form of a bearing, and distance information indicative of the distance between the current marker 20a-
20d and the subsequent marker 20a-20d. When the vehicle 16 arrives at the subsequent marker 20a-20d,
the vehicle 16 reads the marker 20a-20d and communicates the information indicative of the marker 20a-
20d to the vehicle navigator 104 in step 246. In step 248, it is determined whether the vehicle 16 has
arrived at the queue entry marker 20c. If the vehicle 16 has not arrived at the queue entry marker 20c, the
process continues until the subsequent marker 20a-20d is a queue entry marker 20c.

[0108] When the vehicle 16 arrives at a queue entry marker 20c, control over movement of the vehicle 16 is
transferred from the management system 18 to the operator station 14 in step 250. The operator station 14
instructs the vehicles 16 and associated racks 12 in the station queue 22 to make sequential steps towards
a pick point adjacent to an operator in step 252. In step 254, it is determined whether a vehicle 16 has
arrived at the pick point. When a vehicle with a rack 12 arrives at the pick point, the pointing device 50
indicates the location on the rack where the goods item 42 to be picked is located in step 256. This can be
implemented by directing a laser pointer at the location on the rack 12. The operator at the operator station
14 picks the goods item 42 and scan the goods item 42 in step 258. The operator station 14 verifies
whether the goods item 42 that has been picked from the rack 12 is correct in step 260. If the goods item
42 is correct, the operator places the item in the assigned order bin 46.

[0109] In step 262, it is determined whether there are more goods items 42 to pick from the rack 12. If
there are more items to pick, the process is repeated for each additional goods item 42 to be picked from
the same rack 12. When no further goods items 42 are to be picked from the rack 12, the vehicle 16 and
rack 12 are controlled by the operator station and are moved towards a queue exit marker 20d at an exit of
the station queue 22 in step 264. When the vehicle detects the queue exit marker 20d, control over vehicle
movement is transferred from the operator station 14 to the management system 18 in step 266.

[0110] The vehicle navigator 104 communicates movement information to the vehicle 16 to indicate the
direction and distance of movement to take from the current marker 20a-20d to the next marker 20a-20d in
step 268. When the vehicle 16 arrives at a marker 20a-20d, the vehicle 16 reads the marker 20a-20d and
communicates information indicative of the marker 20a-20d to the vehicle navigator 104 in step 270.

[0111] At step 272, it is determined whether the vehicle 16 has arrived at a rack marker 20b. If the vehicle
16 has not arrived at a rack marker 20b, the process is repeated until a rack marker 20b has been reached.
The vehicle 16 transports the rack 12 back to the relevant storage location in the goods storage area 23. At
the storage location in the goods storage area 23, the vehicle manager 110 sends a communication to the
vehicle 16 to instruct the vehicle 16 to lower the rack 12 to the ground by lowering the contact plate 36 in
step 274.

[0112] In step 276, it is determined whether there are more goods items 42 to pick from other racks 12. If
additional goods items 42 from other racks 12 are included in the order, the process is repeated for
transportation of each other rack 12 from the goods storage area 23 to the operator station 14 and back to
the goods storage area 23 until all goods items 42 in the order are disposed in the order bin 46. When all
goods items 42 have been disposed in the order bin 46, the order is finished in step 278.
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[0113] The process of Figures 13A-13B is illustrated for just one vehicle 16 for simplicity. However, in a
working environment, several vehicles 16 can be operated simultaneously or in a successively-staggered
operation by the vehicle navigator 104 to complete filling an order or completing an assignment.

[0114] Fig. 14 is a diagram illustrating a methodology used for compensation of a navigation path of a
vehicle. Fig. 14 illustrates a vehicle 16 in an adjacent proximity to a first marker 282. The vehicle 16 is
travelling towards a second subsequent marker 284. The navigation path 285 in the illustration is a straight
line between the first marker 282 and the second marker 284.

[0115] As illustrated in Fig. 14, the centroid 286 of vehicle 16 is offset from the first marker 282 by a
distance of

J (AX)% + (AY)?

, wherein AX is the offset along a first axis (x- axis), and AY is the offset along a second axis (y-axis). In
order to compensate for the offset, a correction path 288 is defined that extends between the centroid 286
and the navigation path 285.

[0116] In an embodiment, the correction path 288 to apply to the uncorrected navigation path 285 is
calculated using the offset distance AX of the centroid 286 from the first marker 282 along the x-axis and
the offset distance AY of the centroid 286 from the first marker 282 along the y-axis. Furthermore, the
difference in the direction vectors (i.e., angular difference) of the transportation vehicle 16 and the
uncorrected navigation path 285 (illustrated as Vf) is illustrated as an angle theta from the uncorrected
navigation path 285. The angle theta is also used to calculate the correction path 288. By one embodiment,
the correction path 288 is a Bezier curve that is generated based on the above stated information.

[0117] According to one embodiment, the correction path 288 may be calculated from a cumulative velocity
profile. A cumulative velocity profile can consider certain variables, such as whether a vehicle 16 is carrying
arack 12 and if so, the weight of the rack 12. Note that if the vehicle 16 is carrying a rack 12, the correction
path 288 needs to consider any other racks 12 within the navigation path as obstacles, as well as consider
any other physical obstacles that may lie in the navigation path. If the vehicle 16 is not carrying a rack 12,
only physical obstacles need to be considered.

[0118] By one embodiment, another variable considered in the computation of a compensation path is the
number of marker segments that are to be traversed in a navigation path. As described below, from these
variables, as well as other relevant variables, an acceleration distance and rate of acceleration, as well as a
deceleration distance and a rate of deceleration can be computed. In an embodiment, a degree of
acceleration per unit time, as well as a degree of deceleration per unit time can be obtained. For instance, a
three-degree of acceleration and deceleration per unit time may be plotted. However, other degree
amounts can be used to plot the acceleration and deceleration per unit time. Accordingly, the cumulative
velocity profile can be obtained from the calculated acceleration profile, the deceleration profile, and a
constant velocity profile. Application of the calculated cumulative velocity profile can result in a 3-degree
Bezier curve. Thus, the Bezier curve can be the reference for movement of a projected centre of mass point
of the vehicle on the ground to obtain the correction path 288. The above process is repeated as the
vehicle 16 reaches a new marker 20a-20d on its navigation path.

[0119] By one embodiment, the navigation path between adjacent markers 282 and 284 is divided into a
plurality of segments. In an example, the navigation path between two adjacent markers can be divided into
five hundred segments. As movement of the vehicle 16 commences, a timer and a wheel counter are
initiated. Awheel counter measures the amount of rotation about each wheel of a vehicle 16. The combined
wheel rotations can identify the direction and distance travelled by the vehicle 16.
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[0120] Furthermore, a segment counter maintains a record of the current segment. The respective
velocities of the wheels 34 can be set at the start of each segment. After a pre-determined time, such as
every 500 u s, the timer is interrupted and the wheel count is read. If the wheel count is at least equal to an
expected count, the segment counter is incremented. After a defined amount of the corrected navigation
path has been completed, for example approximately 95% of the corrected navigation path, the vehicle 16
is instructed by the vehicle navigator 104 to attempt to detect the second marker 284.

[0121] By one embodiment, the calculations can be performed by considering the following parameters: let
parameter NoM correspond to the number of steps (i.e., markers) to be traversed in a straight path (note
that NoM is at least one), parameter X be a constant corresponding to acceleration distance (e.g., let X be
assigned a value 120), parameter Y be a constant corresponding to deceleration distance (e.g., let Ybe
assigned a value 120), the parameter start_speed be assigned a value of 15, the parameter max_speed be
assigned a value of 100, and the parameter stop_speed be assigned a value of 7.

[0122] An initial acceleration-deceleration profile is determined by computing an acceleration distance (AD),

deceleration distance (DD), and maximum speed (MS) as follows:
AD = minimum (X, X*0.5*NoM) 2)

DD = minimum (Y, Y*0.5*NoM) 3

MS = minimum (max_speed, siart speed * (4*NoM)) (4
Thus, by one embodiment, the acceleration-deceleration profile is computes based on the number of
markers that are traversed in a straight line.

[0123] Further, in order to generate a compensation curve, the distance between the two markers (e.g.,
distance between the markers 282 and 284) is divided into a predetermined number of segments.
Additionally, a predetermined number of interpolation points are selected. By one embodiment, four
interpolation points are selected. Note that the number of points selected affects the smoothness of the
compensation curve. It must be appreciated that embodiments described herein are in no manner limited to
the selection of four interpolation points and any other number of interpolation points may be selected.

[0124] By one embodiment, the first interpolation point is assigned the coordinates of the offset position of
the center of gravity of the vehicle, and the fourth coordinate point is assigned the coordinate of the second
marker. Additionally, the coordinates for the intermediate interpolation points can be computed based on
the initial offsets AX and AY, the initial angular difference (theta), and the distance between the markers.
Upon computing the coordinates of interpolation points, a compensation curve such as Bezier curve can be
generated. Further, upon the vehicle traversing each segment, the acceleration-deceleration profile can be
modified based on wheel counter. Further, while adjusting the speed of the vehicle at each segment, by one
embodiment, both linear and turning speeds of the vehicles are taken into account, as well as the
determination of whether the vehicle is carrying a rack and the associated weight profile of the rack are
taken into account.

[0125] By one embodiment of the present disclosure, the offset distances AX, AY of the centroid 286 from
the first marker 282 are calculated by the vehicle navigator 104. The offset distances AX, AY are based on
an image captured by the sensor/camera 134 in the vehicle 16, wherein the captured image includes the
first marker 282. The location and orientation of the sensor/camera 134 relative to the vehicle 16 can be
determined using a jig, for example. A permanent offset is calculated that represents the default distance
between the centre of the vehicle 16 and the centre of the image captured by the sensor/camera 134.

[0126] The location and orientation of the first marker 282 in the captured image may be determined using
image processing techniques. The centroid of the first marker 282 is calculated, and the offset between the
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first marker 282 and the centre of the vehicle 16 is determined. In this example, the location and orientation
of the first marker 282 is determined using OpenCV image processing algorithms, although it will be
understood that any suitable image processing techniques can be used.

[0127] Further, the coordinates of the corners of the first marker 282 and the coordinates of the centre of
the first marker 282 can be determined using OpenCV function 'minAreaRect'. The corner coordinates are
used to determine the angle of rotation of the vehicle 16 with respect to the first marker 282. The distance
between the centre of the first marker 282 and the centre of the captured image represents the offset
distances AX, AY.

[0128] By one embodiment, the offset distance can be determined using suitable sensors, such as a
plurality of lasers that are used to measure distance, wherein the position of the centroid of the vehicle 16
relative to the marker 20 is calculated using triangulation techniques. However, other relative position
determining arrangements can be used. Furthermore, the vehicle navigator 104 can also be arranged to
calculate speed and acceleration information for movement of the vehicle 16, based on the transportation
path to be followed by the vehicle 16 and based on the offset position of the vehicle 16 from the detected
marker 20a-20d. The calculated speed, acceleration, and direction information are communicated to the
motor driver 124 during movement of the vehicle 16.

[0129] Fig. 15 depicts an exemplary flowchart 1500 depicting the steps performed in path correction
according to an embodiment. The path correction steps as depicted in Fig. 15 are illustrated for the case of
a vehicle traversing from a first marker to a second marker, and wherein the vehicle has an offset at the first
marker.

[0130] In step 1501, the offset between the centroid of the vehicle and the first marker is computed. As
stated previously, by one embodiment, the offset (AX, AY) may be computed based on an image captured
by a sensor/camera that is disposed in the vehicle 16, wherein the captured image includes the first marker.

[0131] In step 1503, the distance between the first marker and the second marker is divided into a
predetermined number of segments. By one embodiment, the distance between the markers is divided into
500 segments.

[0132] Further, in step 1507, an initial acceleration-deceleration profile based on the distance to be
traversed in a straight path is computed. In the present example, the distance corresponds to the distance
between the first marker and the second marker. Note however, that the distance may correspond to the
number of markers that are to be traversed in a straight path. The acceleration-deceleration profile can be
computed as stated previously in equations (2)-(4).

[0133] In step 1509, a predetermined number of interpolation points are selected. Further, as stated
previously, coordinates for each of the interpolation points are computed based on an angular deviation of
the vehicle and the distance between the first and second markers. The process in 1511 generates a
compensation curve based on the computed offset in 1501and the computed coordinates of the
interpolation points in 1509.

[0134] Further, the process 1500 in step 1513 modifies the acceleration-deceleration profile of the vehicle
after the vehicle has traversed a segment interval. For instance, by one embodiment, upon the vehicle
traversing a segment, the speed of the vehicle is adjusted based on a wheel counter that measures the
amount of rotation about each wheel of the vehicle. The combined wheel rotations correspond to the
direction and distance travelled by the vehicle. In this manner, the process 1500 generates a compensation
path for a vehicle that is offset at the first marker, thereby ensuring that the vehicle is positioned above the
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second marker when the vehicle commences traversing the distance between the markers. Nonetheless, it
must be appreciated that in case the vehicle is not positioned exactly over the second marker, the process
of 1500 can be repeated in order to provide further path correction.

[0135] Each of the functions of the described embodiments may be implemented by one or more
processing circuits. A processing circuit includes a programmed processor (for example, processor 1603 in
Fig. 16), as a processor includes circuitry. A processing circuit also includes devices such as an application-
specific integrated circuit (ASIC) and circuit components that are arranged to perform the recited functions.

[0136] The various features discussed above may be implemented by a computer system (or
programmable logic). Fig. 16 illustrates such a computer system 1601. In one embodiment, the computer
system 1601 is a particular, special-purpose machine when the processor 1603 is programmed to perform
navigational processes of the vehicle, computing compensation path, and other functions described above.

[0137] The computer system 1601 includes a disk controller 1606 coupled to the bus 902 to control one or
more storage devices for storing information and instructions, such as a magnetic hard disk 1607, and a
removable media drive 1608 (e.g., floppy disk drive, read-only compact disc drive, read/write compact disc
drive, compact disc jukebox, tape drive, and removable magneto-optical drive). The storage devices may
be added to the computer system 1601 using an appropriate device interface (e.g., small computer system
interface (SCSI), integrated device electronics (IDE), enhanced-IDE (E-IDE), direct memory access (DMA),
or ultra-DMA).

[0138] The computer system 1601 may also include special purpose logic devices (e.g., application specific
integrated circuits (ASICs)) or configurable logic devices (e.g., simple programmable logic devices (SPLDs),
complex programmable logic devices (CPLDs), and field programmable gate arrays (FPGAS)).

[0139] The computer system 1601 may also include a display controller 1609 coupled to the bus 902 to
control a display 1610, for displaying information to a computer user. The computer system includes input
devices, such as a keyboard 1611 and a pointing device 1612, for interacting with a computer user and
providing information to the processor 1603. The pointing device 1612, for example, may be a mouse, a
trackball, a finger for a touch screen sensor, or a pointing stick for communicating direction information and
command selections to the processor 1603 and for controlling cursor movement on the display 1610.

[0140] The processor 1603 executes one or more sequences of one or more instructions contained in a
memory, such as the main memory 1604. Such instructions may be read into the main memory 1604 from
another computer readable medium, such as a hard disk 1607 or a removable media drive 1608. One or
more processors in a multi-processing arrangement may also be employed to execute the sequences of
instructions contained in main memory 1604. In alternative embodiments, hard-wired circuitry may be used
in place of or in combination with software instructions. Thus, embodiments are not limited to any specific
combination of hardware circuitry and software.

[0141] As stated above, the computer system 1601 includes at least one computer readable medium or
memory for holding instructions programmed according to any of the teachings of the present disclosure
and for containing data structures, tables, records, or other data described herein. Examples of computer
readable media are compact discs, hard disks, floppy disks, tape, magneto-optical disks, PROMs (EPROM,
EEPROM, flash EPROM), DRAM, SRAM, SDRAM, or any other magnetic medium, compact discs (e.g., CD-
ROM), or any other optical medium, punch cards, paper tape, or other physical medium with patterns of
holes.

[0142] Stored on any one or on a combination of computer readable media, the present disclosure includes
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software for controlling the computer system 1601, for driving a device or devices for implementing the
features of the present disclosure, and for enabling the computer system 1601 to interact with a human
user. Such software may include, but is not limited to, device drivers, operating systems, and applications
software. Such computer readable media further includes the computer program product of the present
disclosure for performing all or a portion (if processing is distributed) of the processing performed in
implementing any portion of the present dislcosure.

[0143] The computer code devices of the present embodiments may be any interpretable or executable
code mechanism, including but not limited to scripts, interpretable programs, dynamic link libraries (DLLS),
Java classes, and complete executable programs. Moreover, parts of the processing of the present
embodiments may be distributed for better performance, reliability, and/or cost.

[0144] The term "computer readable medium" as used herein refers to any non-transitory medium that
participates in providing instructions to the processor 1603 for execution. A computer readable medium may
take many forms, including but not limited to, non-volatile media or volatile media. Non-volatile media
includes, for example, optical, magnetic disks, and magneto-optical disks, such as the hard disk 1607 or the
removable media drive 1608. Volatile media includes dynamic memory, such as the main memory 1604.
Transmission media, on the contrary, includes coaxial cables, copper wire and fiber optics, including the
wires that make up the bus 902. Transmission media also may also take the form of acoustic or light waves,
such as those generated during radio wave and infrared data communications.

[0145] Various forms of computer readable media may be involved in carrying out one or more sequences
of one or more instructions to processor 1603 for execution. For example, the instructions may initially be
carried on a magnetic disk of a remote computer. The remote computer can load the instructions for
implementing all or a portion of the present disclosure remotely into a dynamic memory and send the
instructions over a telephone line using a modem. A modem local to the computer system 1601 may
receive the data on the telephone line and place the data on the bus 902. The bus 902 carries the data to
the main memory 1604, from which the processor 1603 retrieves and executes the instructions. The
instructions received by the main memory 1604 may optionally be stored on storage device 1607 or 1608
either before or after execution by processor 1603.

[0146] The computer system 1601 also includes a communication interface 1613 coupled to the bus 902.
The communication interface 1613 provides a two-way data communication coupling to a network link 1614
that is connected to, for example, a local area network (LAN) 1615, or to another communications network
1616 such as the Internet. For example, the communication interface 1613 may be a network interface card
to attach to any packet switched LAN. As another example, the communication interface 1613 may be an
integrated services digital network (ISDN) card. Wireless links may also be implemented. In any such
implementation, the communication interface 1613 sends and receives electrical, electromagnetic or optical
signals that carry digital data streams representing various types of information.

[0147] The network link 1614 typically provides data communication through one or more networks to other
data devices. For example, the network link 1614 may provide a connection to another computer through a
local network 1615 (e.g., a LAN) or through equipment operated by a service provider, which provides
communication services through a communications network 1616. The local network 1614 and the
communications network 1616 use, for example, electrical, electromagnetic, or optical signals that carry
digital data streams, and the associated physical layer (e.g., CAT 5 cable, coaxial cable, optical fiber, etc.).
The signals through the various networks and the signals on the network link 1614 and through the
communication interface 1613, which carry the digital data to and from the computer system 1601 may be
implemented in baseband signals, or carrier wave based signals.
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[0148] The baseband signals convey the digital data as unmodulated electrical pulses that are descriptive
of a stream of digital data bits, where the term "bits" is to be construed broadly to mean symbol, where each
symbol conveys at least one or more information bits. The digital data may also be used to modulate a
carrier wave, such as with amplitude, phase and/or frequency shift keyed signals that are propagated over
a conductive media, or transmitted as electromagnetic waves through a propagation medium. Thus, the
digital data may be sent as unmodulated baseband data through a "wired" communication channel and/or
sent within a predetermined frequency band, different than baseband, by modulating a carrier wave. The
computer system 1601 can transmit and receive data, including program code, through the network(s) 1615
and 1616, the network link 1614 and the communication interface 1613. Moreover, the network link 1614
may provide a connection through a LAN 1615 to a mobile device 1617 such as a personal digital assistant
(PDA) laptop computer, or cellular telephone.

[0149] It must be appreciated that embodiments are described herein for a vehicle, such as a
transportation vehicle or a transportation robot. However, embodiments described herein can be applied to
other automatically guided vehicles. Examples include, but are not limited to a four-wheel drive vehicle, or a
vehicle using an Ackerman steering system in which the front inside wheel turns into a curve at a greater
radius than the front outside wheel.
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APPARAT OG FREMGANGSMADE TIL KOMPENSATION AF EN
NAVIGATIONSRUTE

Patentkrav

1. Fremgangsmade til rutekorrektion af et karetoj, der karer fra en forste marker
til en anden marker, hvilken fremgangsmade omfatter:

beregning, ved hjeelp af et kredslgb i et informationsbehandlingsapparat, af en
forskydning mellem en placering af karetgjet og den fgrste marker,

deling af en navigationsrute mellem den fgrste markar og den anden marker i et
forudbestemt antal segmenter, hvor navigationsruten er en lineaer rute mellem den forste
marker og den anden markar,

beregning af en hastighedsprofil for keretgjet pad basis af en afstand af
navigationsstien mellem den farste marker og den anden markar,

generering af en kompensationskurve, der er en korrektionsrute mellem placeringen
af kgretgjet og navigationsruten, hvor kompensationskurven er genereret pa basis af (i)
den beregnede forskydning og (ii) en flerhed af interpolationspunkter, der indbefatter
placeringen af karetgjet og placeringen af den anden marker, og

&ndring, efter at koretojet har gennemkert hvert segment, af koretgjets

hastighedsprofil pa basis af en visning af en hjultaeller, der er placeret pa koretgjet.

2. Fremgangsmade ifalge krav 1, hvor forskydningen beregnes pa basis af en
farste flytning af keretgjet i forhold til den farste markar langs en fgrste referenceakse og
en anden flytning af koretgjet i forhold til den forste marker langs en anden
referenceakse, og hvor forskydningen har en starrelse, der svarer til en flytning mellem
et foruddefineret referencepunkt for placeringen af karetejet og et midtpunkt pa den farste

markgr.

3. Fremgangsmade ifalge krav 1, der yderligere omfatter:

beregning ved hjeelp af kredslgbet for hvert interpolationspunkt ud af flerheden af
interpolationspunkter af koordinater langs en forste referenceakse og en anden
referenceakse, hvor koordinaterne beregnes pa basis af en vinkelafvigelse af koretojet i
forhold til den farste markar.

4. Fremgangsmade ifglge krav 2, hvor den farste referenceakse ligger langs en
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linje, der forbinder midten af den forste marker til en midte af den anden marker, og hvor
den anden referenceakse er vinkelret pa den forste referenceakse.

5. Fremgangsmade ifglge krav 1, hvor kompensationskurven er en Bezierkurve,
0g

hvor eendringstrinnet yderligere omfatter:

(i} modtagelse af et billede, der optages af karetojet, nar karetajet er placeret inden
for en forudbestemt afstand fra den forste markor,

(i) behandling, ved hjeelp af kredslgbet, af det modtagne billede for at beregne
forskydningen og transmission af en instruktion til at styre en bevaegelse af koretgjet ved
hvert segment, og

hvor keretgjet indbefatter en vejeanordning, der er indrettet til at veje genstande,
der transporteres af karetajet, hvor karetajets hastighedsprofil 2endres pa basis af mindst
ét ud af vaegten af genstandene og en visning pa hjulteelleren, der er placeret pa
karetojet, og

hvor beregningen af hastighedsprofilen omfatter:

beregning pa basis af afstanden pa navigationsruten mellem den forste marker og
den anden markgr af en accelerationsafstand, en decelerationsafstand og en maksimal

gennemkarselshastighed af koretojet.

6. Informationsbehandlingsapparat, hvor informationsbehandlingsapparatet
omfatter:
processorkredslgb, som er konfigureret til at:
beregne en forskydning mellem en placering af et koretgj og en forste
markar,
dele en navigationsrute mellem den forste marker og den anden markar |
et forudbestemt antal segmenter, hvor navigationsruten er en lineser rute mellem den
forste marker og den anden marker,
beregne en hastighedsprofil for koretojet pa basis af en afstand af
navigationsstien mellem den farste marker og den anden markar,
generere en kompensationskurve, der er en korrektionsrute mellem
placeringen af karetgjet og navigationsruten, hvor kompensationskurven er genereret pa
basis af (i) den beregnede forskydning og (ii) en flerhed af interpolationspunkter, der
indbefatter placeringen af karetajet og placeringen af den anden markar, og
&ndre, efter at karetgjet har gennemkart hvert segment, hastighedsprofilen
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for keretgjets pa basis af en visning pa en hjulteeller, der er placeret pa karetajet.

7.  Informationsbehandlingsapparat ifglge krav 6, hvor forskydningen beregnes
pa basis af en forste flytning af koretojet i forhold til den farste marker langs en farste
referenceakse og en anden flytning af karetgjet i forhold til den farste marker langs en
anden referenceakse, og hvor forskydningen har en storrelse, der svarer til en flytning
mellem et foruddefineret referencepunkt for placeringen af karetgjet og et midtpunkt pa

den farste markaor.

8. Informationsbehandlingsapparat ifelge krav 6, hvor behandlingskredslobet
yderligere er konfigureret til at:

beregne, for hvert interpolationspunkt ud af flerheden af interpolationspunkter,

koordinater langs en fgrste referenceakse og en anden referenceakse, hvor
koordinaterne beregnes péa basis af en vinkelafvigelse af koretgjet i forhold til den forste

markgr.

9. Informationsbehandlingsapparat ifglge krav 7, hvor den forste referenceakse
ligger langs en linje, der forbinder midten af den farste marker til en midte af den anden

markgr, og hvor den anden referenceakse er vinkelret pa den farste referenceakse.

10. Informationsbehandlingsapparat ifglge krav 6, hvor kompensationskurven er
en Bezierkurve, og

hvor kredslgbet yderligere er konfigureret til at:

(i) modtage et billede, der optages af kaoretajet, nar keretajet er placeret inden for
en forudbestemt afstand fra den forste markor,

(i) behandle det modtagne billede for at beregne forskydningen og

(iii) transmittere en instruktion til at styre en bevaegelse af karetajet i hvert segment,
0g

hvor keretgjet indbefatter en vejeanordning, der er indrettet til at veje genstande,
der transporteres af karetajet, hvor karetajets hastighedsprofil 2endres pa basis af mindst
ét ud af vaegten af genstandene og en visning pa hjulteelleren, der er placeret pa hjulet,
0g

hvor kredslebet yderligere er konfigureret til pa basis af afstanden pa
navigationsruten mellem den forste markegr og den anden markgr af en

accelerationsafstand at beregne en decelerationsafstand og en maksimal
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gennemkarselshastighed af koretojet.

11.  Ikke-flygtigt computerlezesbart medium, i hvilket der er lagret et program, der,
nar det udfgres pa en computer, far computeren til at udfere en fremgangsmade til
rutekorrektion af et koretaj, der karer fra en fgrste marker til en anden markar, hvilken
fremgangsmade omfatter:

beregning af en forskydning mellem en placering af karetgjet og den forste marker,

deling af en navigationsrute mellem den fgrste markar og den anden marker i et
forudbestemt antal segmenter, hvor navigationsruten er en linezer rute mellem den forste
marker og den anden markar,

beregning af en hastighedsprofil for keretgjet pad basis af en afstand af
navigationsstien mellem den farste marker og den anden markar,

generering af en kompensationskurve, der er en korrektionsrute mellem placeringen
af kgretgjet og navigationsruten, hvor kompensationskurven er genereret pa basis af (i)
den beregnede forskydning og (ii) en flerhed af interpolationspunkter, der indbefatter
placeringen af karetgjet og placeringen af den anden markgr, og

gendring, efter at koretgjet har gennemkert hvert segment, af koretojets
hastighedsprofil pa basis af en visning af en hjulteeller, der er placeret pa karetgjet.

12. lkke-flygtigt computerleesbart medium ifglge krav 11, hvor forskydningen
beregnes pa basis af en farste flytning af karetagjet i forhold til den farste markar langs en
forste referenceakse og en anden flytning af karetajet i forhold til den forste marker langs
en anden referenceakse, og hvor forskydningen har en starrelse, der svarer til en flytning
mellem et foruddefineret referencepunkt af placeringen af karetgjet og et midtpunkt pa

den farste markaor.

13. lkke-flygtigt computerleesbart medium ifglge krav 11, hvor fremgangsmaden
yderligere omfatter:

beregning for hvert interpolationspunkt ud af flerheden af interpolationspunkter af
koordinater langs en farste referenceakse og en anden referenceakse, hvor
koordinaterne beregnes péa basis af en vinkelafvigelse af koretgjet i forhold til den forste

markgr.

14. Ikke-flygtigt computerleesbart medium ifelge krav 11, hvor den forste
referenceakse ligger langs en linje, der forbinder midten af den forste marker til en midte
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af den anden marker, og hvor den anden referenceakse er vinkelret pa den forste

referenceakse.

15. lkke-flygtigt  computerleesbart medium  ifglge krav 11,  hvor
kompensationskurven er en Bezierkurve, og

hvor eendringstrinnet yderligere omfatter:

modtagelse af et billede, der optages af karetgjet, nar karetojet er placeret inden
for en forudbestemt afstand fra den farste markeor,

behandling af det modtagne billede for at beregne forskydningen og

transmission af en instruktion til at styre en bevaegelse af karetgjet i hvert segment,
0g

hvor keretgjet indbefatter en vejeanordning, der er indrettet til at veje genstande,
der transporteres af karetajet, hvor karetajets hastighedsprofil 2endres pa basis af mindst
ét ud af vaegten af genstandene og en visning pa hjultzelleren, der er placeret pa
karetojet, og

hvor beregningen af hastighedsprofilen omfatter:

beregning pa basis af afstanden pa navigationsruten mellem den forste markar og
den anden markgr af en accelerationsafstand, en decelerationsafstand og en maksimal

gennemkarselshastighed af koretojet.
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