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visibility. Every partner to the transactions needs to have access to location information
15  throughout a container’s journey. However, in port, containers are routinely not visible to the
consignees.
[0003] Operations on a shipping container generally include out-gate operations, in-gate
operations, and yard operations. These operations are conducted by people including a yard
clerk, an operator of transport equipment, and an operator of lift equipment. The transport
20  equipment (or yard tractor) refers to any type of handling equipment (HE) that is capable of
moving a container from one location to another but is not capable of lifting the container and
setting it down. The lift equipment refers to any type of HE that is capable of lifting a container
and setting it down on the ground, on top of another container, or onto another HE for
transportation. For convenience herein, the term yard tractor and container handling equipment
25  (CHE) will be used to refer to transport equipment and lift equipment, respectively. Among the
operations performed, yard operations (operations in a shipping container yard) are the most time
consuming in overall average transactions. Traditionally during yard operations, a yard clerk
must accompany the CHE operator to validate the correct container for pick-up. If the container
is not where it is supposed to be, the typical yard clerk wanders around the yard looking for it.
30  When the yard clerk finds it, both the yard tractor driver and the CHE operator who picks up and
loads the container onto the yard tractor must be radioed to come to the new location. Even so,
the right container might be buried by others that need to be moved out of the way by the CHE
operator, all while the yard clerk and yard tractor driver are waiting. It would be more efficient
if the CHE operator could have the container free to load and in a verified location by the time

35  the yard tractor arrives.
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cannot get to the pickup location due to obstructions, the CHE operator needs to report the error
using the user interface installed in the CHE and the system will then cancel the task and go to
30  the next task. If the specified container is actually located in a neighboring location, ¢.g., located
beneath the specified pickup location with containers on top of it (containers are typically
stacked on top of one another), the CHE operator has to pick the container up at the actual
pickup location, which is different from the specified pickup location. Since the system
compares the actual pickup location with the pickup location specified in the task and issues a

35  warning if they are different, the CHE operator will receive a warning and has to report the error
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contai ner inventory database that inproves data quality
detecting and cotrecting errors in a container inventory database that improves data quality
relative to previous systems by checking and validating inventory data that is reported to or
already in the inventory database. The system automatically detects data errors in the inventory
25  database by examining the incoming data records with the data records in the inventory database
for any inconsistency or data conflicts, and reports data errors whenever data conflicts are
detected. Furthermore, the system performs automatic error correction by examining the error
detected with the containers and operations related to surrounding container cell locations,
identifying error candidates based on the surrounding containers and relevant operations,
30  evaluating the error candidates to determine a match (or matches) for error correction, and
modify the relevant data records to correct the error. Hence, the system can effectively mitigate
the propagation of data errors in the inventory database, thereby reducing the occurrence of data

errors and improving the quality of the inventory database. Subsequently, the HE operators will

encounter significantly fewer errors during operation, which helps relieve them of the additional
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data records, together with the first data record, are regarded as erronecous data records. The

25  processor also reports the erroneous data records to at least one of the following: the container
inventory tracking system, and an output means for displaying the erroneous data records to an
operator. Thereafter, the erroneous data records can be further analyzed for error correction.
[0013] Upon the detection of the data errors, the processor further performs error correction
in the erronecous data records in an error detection method that first obtains the erroncous data

30 records, which include the first data record and a set of the second data records. Since the
detection of the error indicates the first data record and the set of second data records are in
conflict with each other, one of the two must contain the error. In order to make the correction,
the processor needs to first determine which one needs to be corrected and how to correct it.
[0014] In one embodiment, the processor then sets a first search criterion based on the first

35  datarecord and a set of second search criteria with one second criterion corresponding to each of
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Finally, the processor reports the nodified data records to the inventory

t r acki ﬁgsog@t%gpg@qessor then modifies the first data record based on the match and if necessary, the
processor also modifies the match accordingly. The modified data records are then reported to
the inventory tracking database. Thus, the error in the first data record has been corrected.

25  [0016] The error correction method can further an exception process to handle cases where
the processor cannot determine which one of the first data record and the second data records
should be corrected or where the processor cannot determine how to make the corrections. Such
cases could occur under any of the following exception rules is satisfied: (1) when the query
yield no results or yield insufficient results, (2) no first match or multiple first matches are

30  identified, (3) no match or multiple second matches are identified for any of the second data
records, (4) the comparisons of the first match and the second matches cannot lead to a decision
regarding which one the first data record and the second data records should be corrected, and so
no. The processor executes the exception process whenever an exception rule is satisfied.

[0017] In one simple embodiment, the exception process simply includes modifying certain

35 fields in the first data record and the second data records (if applicable) to indicate that an
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further involves an operator for decision making by preparing and
out put PR S Pons t o the operator, accepting and validating inputs
from thgoper apRr 2 and Fopefic RimehdidedaRideathiong HRAPRAIQY dvint BE major
operator according to the inputs. The processor then nmakes the requested
cor r ectcpmpgnenttl o6 refypicel mycntory frediing edd daaragemewr systeno it heshippie cortginer
tragki ng database, [.0018] By, autonatically detecting and correcting errors
inaﬁhe Sg)ﬁe\l/%enf?%}ﬁfytggt{lg,eq]flh%ydawu#%%nc?liacsyétre or detection and error correction
procesg06m ps PigeBedtbwi NELIREE WidpRith & fan dryde@bhdgRhdn® df Qh idaémoT frfksng Ind he
inventory tracking database. Subsequently, the tasks generated by T based
on t he MangeeMOAIT yy e ox i tenattbasenteyerighdetcftiqtel y t o be accurat e;

t her ef HE gpenat qr . r S . g o) .

conpl eﬁ?‘ﬁlg ]t asﬁ%i 4%% Elggigrr@}a%w}?hfglgusg g&rrlgt ?Igf)oeél?lg?tsge{hg& ?%ﬁorgntgé%é &ttion
pr ocessndnagirhértt adydtent athusatodfatianabvybsy oot Sictactied, udhagins it lspdtéranfuithod s
and replay toals for error_simul a&i on and anal ysis. BRI EF DESCRI PTI ON OF

THES DRAWSS @ Report module, a Replay module, a Simulation module, and User Interface(s).

[0024] Fig. 5A shows a top view, while Fig. 5B shows an end view of rows of container
stacks in a container shipping yard, where the container cell locations are labeled with an
exemplary Container Cell Naming Convention.

[0025] Fig. 6 is a flowchart showing the process involved in one embodiment of the error

30  detection module 302.

[0026] Fig. 7 is a flowchart showing the detection of inventory errors according to the types
of events that have occurred, wherein the types of events include vehicle movement events,

container pickup events, and container drop events. Fig. 7 further includes the process of

detecting inventory errors when a vehicle movement event occurs.



[ 0019] Furt her details of enbodi nents of the present invention are explained
with the help of 15the attached drawings in which: [0020]Fig. 1 shows a
bl ock di ayoamioiR8®met ypi cal prior art inventory tracki ngprPamdSaenagsient

SYSeghERE 1, g8’ AL S BRRTRY Sy e R, 90 108 08,

and naragespendingyisteatory Brrér. shi ppi ng cont ai ner 20storage facility that is
equi pped with such a system [0Q022]Fig. 3 shows a bl ock diagramof a first
enbodi A48l of Big- Oniremttrychertathornge dhifd PrasasiyehdRtectans inieniary KRG 38Rt

i nvent %Bﬂtaﬁ{ewffclﬁlg%&e‘fﬁb&%rs.[0023] Fig. 4 is a block diagramfor a second
enbodi nent of "t Inventory tracking and managenent systemw th automatic

i nveént §0829%r r oFigslet @& tandnl,0BMibrseate dxampsopsdfemvEntotyhenror? SvhanctantkescrapiBlegor t
nodul e, a Re%l ay nodul e, a Sinulation nodule, and User Interface(s).
[ 0024] BV 8K Ehows a top view, while Fig. 5B shows an end view of rows of

cont ai Ngg30§t ackpsi N A1 CORNAIES PRI TT9nYidty BRI $hdE cGRth& fekupc&lcht
| ocations are | abeled with an exenplary Container Cell Nam ng nvent i on.

[ 0025] Pegurs6 is a flowmhart showi ng the process involved in one enbodi nent

Che. detGHTon BF avert 8PYostt SPavmecbr Tyt & chireiypaer R Eoaes har

have ocentaieedrophet@iddciie types of events include vehicle novenment events,
cont ai ner_ pickup events, and container drop events. Fig. 7 further includes
the prd@®d of Figat bt pifgl B ilbntratewe cxamnplonnb mvantosheeprs Whs aradntainsg dip

occurs ‘event occurs.

[0033] Fig. 14 shows a block diagram of an inventory tracking and management system with
camera-based error detection for detecting inventory errors, particularly errors in the location of
15  containers in a container shipping yard.
[0034] Fig. 15 is a flowchart showing the process of detecting inventory errors based on
images from the cameras.
[0035] Fig. 16 shows a block diagram for a camera-based inventory error detection system
that interfaces with an inventory tracking system for detecting errors in an inventory tracking
20  database associated with the inventory tracking system.
[0036] Fig. 17 shows a block diagram of a first embodiment of an inventory tracking and
management system with automatic inventory error detection and correction.
[0037] Fig. 18 is a flowchart showing one embodiment of the error correction process
executed by the Error Correction Module 1702.
25  10038] Figs. 19A-19D provide an example to illustrate how one embodiment of the error
correction process in Fig. 18 works.
[0039] Fig. 20 is a flowchart showing another embodiment of the error correction process
executed by the Error Correction Module 1702.
[0040] Fig. 21 shows an example to illustrate how to determine a weighting factor used in
30  the computation of confidence indexes.
[0041] Figs. 22A-22D shows an example where four operations were carried out at different
time instants and an error was detected for the last operation.
[0042] Fig. 23A illustrates the error detected; Figs. 23B-23E illustrate the four cases in
which each of the four error candidates gets to be the match for error correction; Fig. 23F shows

35  the information used to compute the weighting factor in the confidence indexes.



WO 2011/ 028726PCT/ US2010/ 047370 [0027] Figs. 8A and 8B illustrate exanples
of vehicle novenent violation and the correspondi ng i nventory error.
[ 0028] Fi gw020i1902872h1 owchart showi ng t he process of det eeCirnus20100¢T300@r Y

errors (e, 2 FRnAl el LEKHP SUSTe SECHR SHO0RSN Fh o SOANGNLOP

I 11 ust e exanpl s Sf*inven en contar ner p even occur.

[ 0030] EngatlohJe&eélpHanlﬂrd)dd:siﬁla;t@ m&armﬂeepabm nvent ory errors when a
cont ai ner pickup event Cccurs. [0031]Fig. 12 is a flowhart show ng the
process of detecting inventory errors when a 10contai ner drop event occurs.

[0032] Figs. 13A and 13B il us‘?%%\%g%ﬁm)ﬁﬁgmtﬁogf I nventory errors when a
I g.

contai ner drop event occurs. ows a bl ock diagram of an
i nvént 48944 r ackigng shods reblage digtans pé tie mutinidtic 1nventmantmckﬂtgaaeldmemarg©ment

et et oot SO ETSEY Bl S R UL ACLY e 0 e

f1 owchafatkinh awll ReinhEendd 9GRSH iRhtides eﬁtdoﬁelﬂewsaﬁgﬁﬁbved, HRLRs BRIFGY Rfent of
Handling Equipment (HE) so as to track the containers, communicates the tracking information,
and stores the information of the container storage locations and the movement of the HE.

10 [0045] The system includes ID Readers 102, Positioning Systems 104, Other Sensors 106, a
Communication Network 108, an Application/Database Interface 110, a Database Management
System 112, and an Inventory Tracking Database 114. The ID Readers 102 are used to detect
the presence and the identification number of inventory items and HE; the ID Readers may be in
the form of an RFID (Radio Frequency ID) exciter/scanner, a bar code scanner, an OCR (Optical

15  Character Recognition) sensor (e.g., cameras), or any other types of devices used for this
purpose. The Positioning Systems 104 determine and/or track the locations of inventories,
typically by determining the locations of HE that pick up, move, or place inventory items in an
inventory storage location. The Positioning Systems 104 can include one or more of the
following: a GPS (Global Positioning System) or a DGPS (Differential GPS), INS (Inertial

20  Navigation System), IMU (Inertial Measurement Unit), RTLS (Real Time Locating System),
PDS (Position Detection System), and other sensors and systems known in the art that can be
used to determine the location of inventory items or HE. Other Sensors 106 include
miscellaneous sensors that support the position tracking or management of inventory operations.
The Other Sensors 106 can include one or more of the following: a height sensor, mobile RFID

25  exciter/reader, speed sensor, photo sensor, infra-red sensor, OCR (Optical Character
Recognition) sensor, bar code scanner, mechanical switch, electronic switch, and sonic sensor.
[0046] The information from the ID Readers 102, Positioning Systems 104, and Other
Sensors 106 is transported to the Application/Database Interface 110 through the
Communication Network 108. The Communication Network 108 can include one or more of the

30 following: a wireless communications network, a LAN (Local Area Network), and a hard-wired
proprictary communication network. The Application/Database Interface 110 provides a
software interaction capability between the Database Management System 112 and any software
application or service that requires access to the information stored in the Inventory Tracking
Database 114 and/or provides information to the Inventory Tracking Database 114. The

35  Database Management System 112 controls the organization, storage, management, and retrieval



| mages fromthe caneras. [0035]Fig. 16 shows a bl ock diagramfor a
caner a- based inventory error detection system that interfaces with an
i nvent or yworaciki2enesyst em f or detecting errors in an i nePemtuseg10tonmeki ng
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process i n Fig. 39]FIig. 201s a hart show ng anot’her
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at different tine instants and an error was detected for the |ast
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I nfior mad i Pig. UB &flay OvaEPNRUIE shemWed ORjbieRy AdCttRE dyBtchhansonhéldencaiditiexes.
modules/components or may be more compact with functions of different modules combined
into fewer modules than depicted. For example, some inventory tracking systems may combine
the Inventory Tracking Database 114 and the Database Management System 112 into one
Inventory Tracking Database System. Furthermore, the Application/Database Interface 110 can
15  be incorporated into the Inventory Tracking Database System 114, especially when the interface
is relatively simple. The Application/Database Interface 110, Database Management System 112
and Inventory Tracking Database 114 can be provided in one or more processing devices such as
a computer, a digital signal processor, an FPGA, or a microprocessor. Control code for the one
or more processors as well as inventory data can be stored in memory devices provided in the
20 one or more processors or connected to the processors.
[0048] Optionally, some inventory tracking and management systems can also contain
additional modules such as an Inventory Management System 116 and its associated External
Database 118 that includes a typical Terminal Operating System (TOS) used in many seaport
container storage yards, inland container yard terminals, and rail intermodal container terminals.
25  Such Inventory Management Systems and External Databases typically contain data associated
with the inventory ID, storage location, owner of the container, consignee of merchandise inside
the inventoried container, transit information and ships loading information, but they typically do
not include information associated with the HE or the movement history of the HE.
[0049] Fig. 2 is a simplified drawing depicting the physical entity of major components of a
30  conventional inventory tracking and management system in a shipping container storage facility.
The CHE 218 is a piece of HE that is designed to lift, move and place shipping containers in a
shipping container storage facility. Such equipment includes top-picks (or top-lifts), side-picks
(or side-lifts, or empty handlers), straddle carriers, reach stackers, rubber tired gantries (RTGs),
rail mounted gantries (RMGs), quay cranes, and jockey trucks (also referred to as UTRs, tugs, or

35  yard hustlers). The CHE 218 shown in Fig. 2 is a top-pick. Since this shipping container storage
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requested by the driver of the CHE 218, from those other components via the Wireless

30 Communication Network 202. In addition, the LAN 204 (wired or wireless) provides

communication connectivity between the Wireless Communication Network 202,

Application/Database Interface 206, Database Management System 208, and Inventory Tracking

Database 210. Optionally, the LAN 204 can also connect to the Inventory Management System

212 and External Database 214 to facilitate data or information exchanges between these

35  components. It should be noted that although these components (206, 208, 210, 212, and 214) are
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5 date and tinme of inventory itemevents (such as when the inventory item
was placed into or picked up froma storage |ocation), the type and ID of
t he HE th&oznuwedn6picked up, or placed the inventory iPequBMmﬂmrﬂwel
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[0047]Bh&mmmq;&ﬁduﬁl nodul es in the |nventory tracki ng and managenent
system as_shown. 10 in vary frontsystentto system and the system

may i ndPOdé adbigt P shews ﬁ%&ﬁﬁ#é’é‘;‘%@ﬁﬁé RBAREIENY HRGKIBE aRe PERnagimRit sysiFm pvith
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Appl i cation/ Dat abase” I nterface 110, Database” Managenent System 112 and
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nore processors or connected to the processors. [0048] Optionally, sone
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nercﬁandlse i nsi Inventoried container, transit infor on and
s h| ps l4064di Bignilaticor Matilo r4$)6,tmtd atlﬁm] Intgpfhaccad 08y To Report Mn:dulﬁd@ﬁ prbeidnaticon
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j ockey trucks (also referred to as UTRs, tugs, or 35yard hustlerséQ The CHE

218 showrifipaiionjad therepytssfrarg ﬂl@pﬂu&@atsﬂ AGer dqﬁft%loe hTI}?p‘l;lﬁgﬂaé@ﬁtMP%¢ 4
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tracki ng sys are eqU|p e a posi |on|ng Sys I's Uused
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Shl pi ng containers they nove. In this ex nple e positioning systemis
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We' ! a%h@o&ﬁ%ﬁc%scﬁ{th@@r%&g. Y User Interface 408 may be a graphical user interface and one or

more input/output device(s), including but not limited to keyboards, printers, mice, or other local
or remote input/output device(s).
[0053] Figs. 5A and 5B show an exemplary layout of a container storage facility, at either a
30  seaport terminal, a rail intermodal terminal, or an inland storage terminal. A Top View (Fig. 5A)
and an End View (Fig. 5B) are included to illustrate the three-dimensional characteristics of the
storage locations at a storage facility (terminal). Each individual rectangular block represents a
container storage location where a container can reside. To uniquely identify each container
storage location in the container storage facility, location naming conventions are usually used.

35  Figs. 5A and 5B show a typical location naming convention, which uses terms such as Row,
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communt e F AR Rifedin all itk aitedd idAiRPEIos Y RBGY: Molof R ARATESS

ot her eoRYNBNBN@bud dtRerstypéLof invatbiyd Onlgertﬂaﬁnp?gopd)nweatmmrdaﬁeul@bl&sesed and

I nterface 206, Datahase 2 Manag[errent System 208, Inventory Tracking

Dat abadkeyzalpreflegyuni fof rqughoytiie siavasit faFitMENERES RIS ks -gimensiomal
Extigr ngly, t(% as&tiddd: via the Wrel ess Comuni cation Network 202 and Local
Area Netwo %) 204 simlar to the conponents shown in Fig. 1. The CPU
226 cari()wﬂ4$o rEh@mamu@bmvesum a@lqaﬂytlduﬁtﬂrdhs lofpatl positept of lkechacontwinti es

of and i nformation requested .driver of .the 1 rom t hose.ot her
compondf¥eEs, (058t qTe WhiF P@é’snoég% PF&%‘FB QL 1HBmR eszépq;ﬁ? %ﬁ‘(rST‘]dP‘isﬂt&ﬁ“ngc he

LAN 204y {Wh Qevides Wdpah &ns) mélcav IaH@%ltﬁea@maélﬁ@{sl BNeHANB&SHiIndict Yoa QL Y er: t he
W rel ess Conmuni cati on Net wor k Aﬁ plication/ Dat abase I nterface 206
¢l

Dat abagecuvarrageaéhe dSjpare bet2@sn tlmmlat \ieegndothy ailftGan¢<)| mepsDxenzniss o 1tde GPS

onal | c n a npect 1o t ventor Mana enmens stem

30 andbeetion: RS A hCRDeGn 38 PRART PbullinsuIPn! B MiMiohil PERSER T E
bet weemodibgs ﬁt&ﬁ@w@s@h&d It tﬁéwquhﬁ EconOéeid hhaﬁ bifioniglk these furth
corrponengtls ( %6 208, 210, 212, and 2%%)1) are \I/I\D © Fobi : et
2011/ ozmszfemr,srﬂtssnm@?romme@ﬁammma@a@épﬁ@patl@at?ﬁh%w@autloehtlntIiOé@l Cartesign 2,
SOMe Of &l Pl 0(&!‘%@3%@@&%%? \g %AQﬁd%%”% B’Je ﬁ&ﬁ@' Q%oﬁi\%\fél&?tab ¢ 85@“’5&1@ 3
shows &~ oc i agram of an | nventory track managenent
aut omatused tonaseadiate yh@CH@dSSlaiﬁlbcﬂiﬁtdn@ Ii. @ppmmtﬁmtlﬁ t]nmmlcmld@meamo;fodrdigatésc) with
embodi nents. of the resent. i nventi on. In addition t t corrponents in
t ypr calth qlﬁ@@ﬁ{ Eﬂsgﬁlantﬁp s crptaingy cRHlnAR sxuRRlaYONXERSIQE t %PWnle@W ) étblLFe
system{ uiidieind RGhUGES pBllbHY endBbaF 1S O Maﬁeélsn gj%tmagf UABLAES of e
valldlty of 1nventory d ta and matlc detects errors In
i nvent @pytaineacdl. n@ltdmﬁ&tﬁﬁ,eothdrltypdsl ctﬂwuglmaﬁ%r(lsath asrp@anﬂ@nrdlwes) $am (oe used

vt RTINS ME AN T N

chosen coordinates are used.
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10 detection process if the operators so desire. Details of the Error

Detection Mdule 302 will be described |later with respect to Figs. 6 to 13.
[ 0052] Fi gwo2oig2872bl ock di agram of anot her enbodi nent ofCrarspanomtzo of t he
i nventory tracki ng and rranagerrent system accor di ng to t he presen

i nventi on. A—t-S rooa-reht the Sy:LCIII —red a L ||c LaUII IUISASZL
Fig. 1, as well as T‘ﬂ%lc APEHOPet ect i of I\/bduxlti1 §6
Fl

Furt hernorel_the svystemincludes the floll 49 'Cegerﬁlfr{ ?Pe )IQH?‘I?QQ)AO9 a
Repl ay Mbdul e Rom 105 Bayad slatdn Tigsdul ¢ 406, and aXUskh 2lnterface 408. The
Report Modul e R®2 10t d¥dyd¥ Siedy, Jidrile ability to qidsyl.tdle system f of
particular information and historical |[data. The Replay Mdul e 404 al|l ows

users to sel ecgowd IDAB4yCA Blot2egn@Nt ijn tinme, a pantiygyllar vehicle gr group
of vehicles| a particular Shipping container, or other select Cri ternia and

?%iechhiats ;(Jgnﬁ&. S%CB }&-ﬁ S?Oﬁ[d:ﬂ%i fgg;”f a idpwz(,? ISeT T nt erfage (GU)

/v a1l l
L 11T }JUI 0S€ U| vi-suari y
foll ow ng he hi-st or-y n'F avant S- whi-ch rvay o—facititate manyal

eval uati on and verlflcatlﬁzn of the r esul i

sent
efts—shown i n

+
8

—_—

-9 Q

o g

|
romthe automated error
detection. The Simul ati onT#BgJIebderBplary GaversiansTable ppnyal 1y i nput

vari abl e data el ene via the User Interface 408 in a "sinulation
whi ch \Wiicg that giep tﬁ%@ﬁal GUOTHBIE £F: Yarfat dosginHgs- éﬁ@tdt%B,cﬁontﬁatqfaalésw%

oper at i,0n;,S&d Hﬁﬂ&@@t 8PLROR s’l’MeOcWe UShE SalhO iR @b@g nXteCQ dt86er &S ttfé%ﬁe%?l%
errors by trial and error wth operations preceding t e occurrence of
errors saﬂiheBaUsmard the evafrace k0B ymyoﬂdmam gmépdontaater wsky thantaer mathe samel Tmle or

nore i nput/out evi.ce i ncl but not ed t boar ds,

et erBire e el S HEE CRbiaRo e e sl ke SEHEE ES ention
[ 0053] Rie@#ibed Ab&Ttop&hsRh Q“ﬂgse)Sﬁnéﬂdaﬂy wiRbe WsePlo Relf ABIRiLB e Flo@ERAR the
facility, at either a 30 seaport termnal, a rail internodal term nal, or

an i nl dmeordatechige Medute 34P. Howwysr, \lhe\Ert(ometec&A)l Meodula g 0Eman wosky Wit gtheISB)
are i nclauded $Q et i I | ustrate the three-di nensional characteristics of the
st orage SNSERT 3?15 A a stor age facility (termnal). Each individual

regpangodss] bl pigk ricpr sedtas iflugidtingi thebasit @pageon o€ adid BiroDR{tign dAutudd ner
can reside. To uniquely identify each contai ner storage | ocation in the

cont ai R82- dhepERsesstsiats) With cxanypmgi viethes pPvglakioin vesitablnfer prasessingaatsiep p9ed.

Do s 3 RE ARARREAN By AR ERalDF LAl ARG GANADN A, L GOoee
! ent .“?5'@“‘@%3%y:?ﬂ‘éip‘f”i‘?aé?:ﬂiﬂt“éi{‘?‘ﬁﬁm e o e eor o Ver
!storagéglﬁf Ri Tepdlrs t%rt’%alygwas YHhemsil 83*1 q? Qﬁt a%eat rtgg Nda | (RTgHNSRPeach
sl gt h%ttvﬁg( mgdfattweﬁ ttﬁfoﬁﬂmoa'ﬂaaﬁ TRve &Ry Man E%&h&?c' dy¥tent @y@rlalan HiohStide3

Slots int exanpesovvnln Fig. 4) are gro 5 t'ogether to forma Row,
and t henﬂhoeltrmm,ethbetevseéata Rewdei datk eq:mrdsumhuﬂ by geropetwor thhatghbet wpen nShot s
in a Row sP E al | ow enoug E‘?Ce or an HE to neuvgr throu&h.

Cont ai Mes e0pE Rexioaisn sy HRRRACgRY ARt 8 BBt LR Con O PR ETRATEHRY 81 ¢ e

cont ai REmpHtcP hAGRarh eAldeBEtaics dhRREETBNEL, Ay a)pﬁbafonval d8vicd that RQud@Pand ew
(Fig. 5A), the contajner storage |ocation in the far lower ri ght corner of

Row 10 Ietrlqusetetae&emttb@ ha@nt(oao{li/ra@@mg IBstgfbazq 1 lélejtanmjesqu su¢l appicatinsapglude
p0§ tiq Vahdl n terc]: %I.O altznrl]sd leu ntogls Bf rl I s shown and t he

coft ai ner (,ye?hf Rotgﬁ Secon | QPSP LAY T6h on (g ow 101, Bay 21, Slot A is
uni quel[gosefent This edwhiata itodvddDdk, leﬁﬁyneZdata Skt coftainih@ posdiion-Rlabd nformation,
cell -nam ng convention al | ows quick and easy identification of a storage

| ocat i orhi¢tbgancmeiticharngsisign\giian K, anpefest %@qté%mtrylaé@ltw Phe eprtaingr et her
nam ng |gopyent 'rﬁ?sne%ﬁfaa ! %@fyt&%eﬂwh?d%dséng dtfh! st 1dgﬂﬁr@9{§“a£y vent

t hr oughout the storage I'n representi the three
15st or ag®cedd wﬂtlottmtnewrrta_ta Gr0D 4]l e ludera dutp ﬁeid\ﬂmtsp@tﬁestty@emt ITheindentatd y

he | ogi c OSJt n of ch contai ner storage ocatlo whi ch may not be
381 1 yorauatironclule das SRS sondins Spme %3&4 IPB i aEre: Arigvs dee
| ongi t ydioRAod 4 th &idkiaANtheAly bid!fe RRThS HENRe iR TldchRRY WiiAAhe vRaRsh On
information of the HE (e.g., speed), the ID and type of the container being operated by the HE,

the type of the operation, the confidence level of this data, and so on. For example, the new data
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pseudo-range (the di stance between the satellite and the antenna)
measurenments fromthe GPS 20 receiver. To facilitate the association of the
posi ti onswbnemmeeposi tioning systemw th the |ogical poSiUs2@0947370

B o MBS AL POPERLL BN, U6 RSP IASRLAG SISV M

| ocal @agtﬂﬁmanncB@ydﬂﬂﬂbeA,T%rzy z) as shown in Figs. 5A and 5B.
Subsequently, a conversion table is pically used to associate th

Car t esil®P7bosi Hingnaew jdag, is gygualls, othg Wprtlh%teqt@@aMOézlﬁt% %mtSctB%pm%% g
Wi th Zévatlﬂg%n{lpﬁib‘ﬁ@;{ Qéésgl_b%c{'e%f relé\lf\‘ﬁerqgé"]%ﬁb& ﬁ’l@fl Lyill APaif %G RRL AT ¥h R %15' on

table is shown er tesi an positions correspond
to Hhe tl@ﬁa‘tae]sbﬁuty pf)ﬂeWIdatasatm‘tep‘ 6@2. c ey dath b faeallabtﬁ, ahenBrroc Bletection Module

Al ternatiyvel ot.her types , of coordinates uch .as _ po] ar  coor di nat can
be. usedeuhdndied farspD myerer Bhorapeaet Hiieias obRf SR Rk g fiines
| ocati QB 8ci¢&l ht 186 8b4 AR tHCP V&Ilnlethg heaihonaRLAh RALGS RELitUS sted\ern the
2011/ 028726PCT/ US2010/ 047370 Logi cal |ocation Cartesian positions (of

cent er lofentdrg TretKing dsdabiasm forRhwir 1@nsisBaygy, 2w, aStodetact daterconflits/erydrs. ",vilile Row
%)1 B%%‘%zléd dgtlaoéon'ﬁict e’(taerctiozn ﬁdceysl i’nv%l%ed inR %"ygp 16%%’ is %aegcrl%zed légflep %viﬂaf’ regge%{ tol
10 Figs. 7 to 13.
[0058] The output of step 606 includes at least one variable indicating whether or not data
conflicts/errors have been detected; such variables are used in step 608 to determine the
subsequent process. If errors are detected, the Error Detection Module 302 continues to step 610
to report the error back to the Application/Database Interface 110, which can further report the

15  error to users (e.g., through User Interface 408). In other embodiments, the Error Detection
Module reports the error to an inventory management system associated with the inventory
tracking system, or an output means for displaying the erroneous data records to an operator, or a
computer program that is configured to receive the erroneous data records. The Error Detection
Module may also request operators to manually correct the errors or it may initiate an automatic

20  error correction process if available. After reporting the error or if no error has been detected, the
Error Detection Module continues to step 612 to write/update the Inventory Tracking Database
114 with the (updated) inventory data. In one embodiment, the Error Detection Module also
creates tables in the Inventory Tracking Database 114 and the erroncous data records to the
tables upon the detection of data errors; thus, the erroneous data records are collected in these

25  tables for easy access by an operator or a computer program. Alternatively, the Error Detection
Module 302 may create log data to record additional results generated during the data conflict
detection process (step 606) and write such log data into the Inventory Tracking Database 114.
The Error Detection Module 302 then exits the process and waits until the next process cycle to
repeat the process.

30 [0059] Fig. 7 is a flowchart illustrating one embodiment of the data conflict detection process
involved in step 606, where the Error Detection Module 302 compares the new inventory data
with the corresponding inventory data from the Inventory Tracking Database 114 to detect data
conflicts and, upon the detection of a data conflict, further determines the type of the data
conflict and the container(s) that caused the data conflict, calculates confidence levels and

35 indexes, and re-assigns attributes to relevant containers.
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Row 102, Bay 24, Slot C, Tier 4 X2, yl, z4 Table 1 - Exenplary
Conversion Table Notice that given the | ocal coordinate (x, y, z) as shown
in Figs. ®O20nd28Bs container cells that are in the sampCEUsSR010/04B7ROW

share gﬁ'(%ﬂlianel V lisugm‘b(pdir)ﬁe t(?(a{f‘f'érgrﬁtc?e’tecﬁggt ?(%C%g{lreg glrel ﬁsetdqgtde%rc? d%lﬁg c;[oltﬂﬁic?s
sane Bay s are the sane value in y coor i rate, ~and contarner cerfs at” are
I N thebagsdeod ity esidrBsddi@ed arith el ey idataz Therdita adieflicilT Beeavnt plodess first
storage facility and the nam r%g convention_descri bed above together with
Figs. 5genifgs 8 Gyanf fism ypecdafBen setpfgasuts bawdianethy pewekitn. iThe Prsdetineg set

Det ect i r rt | : W th
ot hor 15 oo ase St oRGURIET abaftel L IREERhbBLs MRS I, PHE opamidy fyrd
bastc opdudd thenfoddwirge chntamer Petkep taporativbd where30 Zontiiver prveawss ispaked upi t h

exam ni ng whether new data is avail ahle for processi ng at step 602. In one
enbodi IFBRENCE AEPHRAN CRSPHOTS WAFGVE BRIHAIBS NENPRYERELAYV R ey efiels pispent
e. 9., lghef@BOnPEheRNE Blretl Ryvinpe A@&Jraiﬁgﬁ[yi oY PRLAbASE sknber{aseinthicpased

on the information it received fromthe I'D readers 102, Positioning Systens
104, ardll@yingr vebeele onayerost eveatsGoamilg it isonovigg Nathwo sieed dgrgemthane pressst

I nf ' I Syst . 1 I i .
emboat Aseiold T GRS Saka HReA yetorde PRtk "By R AT b finstlgn

an 10Npuhd dBRRBct M6h @dEdY(ike YROBEDSs jUtt 8@ppédER c6trenNS, and so on. The new
data can al so be provi ded by any conputer programthat generates data

recor d4006d] g. | Iniia}lyap Biig.c/atheodntd porflietdetastion arocessoidentites ayich &g pbthesprerat a
fromt ry.. T ' a—R)aZs S ' |

i ncl ud?ggﬁé\pe/l | %t %asc Cec‘%%%o%@asns, @P%ﬁ%ﬂ%ﬁ@%ﬂ% %If%ordz%?‘t‘;‘yﬁ’t%% :“}s:,ﬂl%gﬁ@%’so
on. [ OQafa)intiudesneficlddt g, amcéwdesiiad) dierdy spaifyihatthe hisotidted @né@ti furrgample,
position-related. information, which can be either a position of an HE, a
posi ti grvagr 4 H’@Fﬁ%ﬁsrﬁ‘e‘ﬁ}%@ﬁt’ﬁpw cHpntad ¥gPHE al niddicatss B EBREET Btk RE bty

daya shgikdodlisficdidlcd UslfaiRGNREH ol B! BN ColesdoBHGly, YA a1 ADinSRE Phvent”
field is examined at step 702 and a vehicle movement event is detected if the value is equal to 0.
If the value is not 0, the process continues to step 704 to determine whether a container pickup
event has occurred. If the value in the “event” field is equal to 1, a container pickup event is
detected; otherwise, the process continues to step 706 to determine whether a container drop
20  event has occurred by examining if the value in the “event” field is equal to 2.
[0062] Besides the “0”, “17, or “2” stored in an inventory data field, in another embodiment,
the new inventory data can include a field containing the speed of the HE. If the speed is larger
than a pre-set threshold, a vehicle movement event is detected; otherwise, the new inventory data
does not indicate a vehicle movement event. Further, the new inventory data can include the
25 output from a field containing sensor (e.g., a twist-lock sensor) or other information that
indicates a pickup or drop event. For example, when a container is being picked up, the twist-
lock sensor on the HE changes from “unlocked” to “locked,” and when a container is being
dropped off, the twist-lock sensor changes from “locked” to “unlocked.” Therefore, in this
embodiment, the new inventory data includes information of the change in the twist-lock status
30 and the process examines this information to identify the associated event (pickup or drop event)
at steps 704 and 706.
[0063] If a container pickup event is detected at step 704, the process continues to steps 902
through 920 in Fig. 9. If instead a container drop event is detected at step 706, the process
continues to steps 1202 through 1220 in Fig. 12. If none of the events are detected, this data
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associated wth the new data or directly include a data field that
specifies the event. The new data 25 can further include data fields
cont ai ni iyoxonm28f26t he foll owing i nformation: a tine staocp/assoossred with

this d%%gﬂlc‘g H&eétf& %}gc SXQﬁhlcE go?,%sga%dg tho%r%c% 5 @%%%ﬁl@% 4y ﬁf?ertsh%e706

novenen Of ma g., spee ype
cont ai rdthobetepgrtdpanatadr.by the HE, the type of the operation, the
confidence | evel of this data, and so on. exanmpl e, the new data WO

2011/ oi@@% PCTH ISP f m@mnhaw iifetagted at étewgzﬂ@ﬁ RIPYHS FORtHECTEN S EPher
A has r}hﬂiu%ﬁeﬂ 31%5 taac&ﬁﬂ&taaé? tioh€! bte é’%‘? t ugﬁ‘ 794,sh891V"th%0d'a¢a Bawricd

Sl ot 1 er If no new atals val he Error Detection
Modal e dBtéEtum(pttose$ vehepraocbsde modemaittesentritb beetnl”d}:termdt at ptepd@@sTc Yiclpexplain

re-enter the process |n start with g, for the .
avai | abiq PTP{}engtWﬁe%aHQreg Oitve@f%.an enf ?V%Waafog@eg B gigT 56 a@d%%@aw%r
Det ect ip@ricdRibed ariéafd dcdchptiOEYf Qéﬁs@ O@tthl%h?g 7 @p‘kcc&dnﬁ RRhERntililEEhT, e

Det ecti on Modul e t hen exam nes the new da recei ved at step 604 together
witht ldetao@mﬂ@é ﬁ@tﬁdumgthﬁmpmdmyl lgaphpossibleeuesyps amdwmm%@ anrmmtcmqkmg

Tracki n bas heir consi sten sQ .as .to ect

Toart| DacPet Porsfrdih AR ot Sk AR 1o feub £ §Rber the opreifisd |
step 6Qfot $yp@§ ﬁ§§ b&@deh AlnedncWnidddiB&h etk lisOoﬂ-Qchis% er?or’f ©pdsSeorteOftdinE® a

out put of step 606 includes at | east one variable indicati n%iwhet her or not

dat a coghiclecmeyanens raychiaips! u@é%ﬁlod’é@é%tt @alatlguu:whwarqaaun@@ tedBdedngving ﬁtep

608 to el f 0 r. C r
Det ect |l(gcglrtl d&llgg %Oegre%ﬁg ‘)p ¢ I?tgﬁl%%l%c?l%h{rge{ootrh tg ﬁ he r?r(%lr%% Ae kﬂ%cg % he
Appl i caﬁomﬁ{eﬁ)atnabmﬁ id mbemt;aaeorltgz@e umihe dilst @faeird‘ruyﬁdsebr Vehia¢ indvbmedSeventsor
to users (e.g., ough er Interface 408). In other enbodi nents, .the

Error 2% e€9Y ‘HWCIN'BH lnr%ceﬁ% st 105 Just Pé?dstte defermingei ks PovEMEYerRiAtion hat em

asgeci al.edy th the inventory tracking system or an output neans for

di spl ayi ng the erroneous data records to an operator, or a conputer program
t hat i §00df i gbioreslep G08.ethei daga thelier dopgmnsprdadsa u‘sa:dredﬁ)llom Erocedure for

Det ection Modul e ma SO request operators to manually correct the errors

al
or it MFCiitg mexFae ﬁ’m&%ﬂ%ﬁatl c 20 error correction process if available.

After ti nﬁ\l YR Rt Qnflidt defechith S0tk MAYcReBMd8lOaEIEitctiBE eIl Bh the
Detectlon e continues to step 612 to wite/update the Inventory

Tr ackl NQODQYIaﬁbéls%e,laﬁannmm haolptipatetifhd moendasny mpae apedificadiye tenpoeticsent
Err tection cregte abl e ventory Trackin
Bnad SRR "B GBS 650 SREE Shs BT Sl ¥ lsh BT BihofaS e ?

det ect ipgkitieh il Beanc®r 404 Swith BESsiddritOnES 1RO ARk sl F th€ TI) sl ¢h Bellbaeibed i n

these 25 tables for easy access by an operator or a conputer program

Al t er nappifien pssopiyEoEdessribes cadier e Uiskilel b anbthepagationatming sgnvsation ibFigscor d
addi ti g%%){ ﬁ%ul ts generated during the data conflict detection process
(step nd" wite such log data into the Inventory Tracki ng Dat abase
114. Theoa r or (2Apetiead icontaMed ek 18&2ioh heridexificd, tHeepqsrtQmeSSncarujcmthr et i |

S T e ST R B A S = A WO T

process determines that no moving violation has occurred.
[0068] (3) If container cell locations are identified, these cell locations constitute the search
criterion and the process then queries the inventory database for inventory data corresponding to
the identified cell locations. If the query results (i.c., inventory data records) indicate there is a

30  container where one should not be or there are multiple containers at the identified single cell
location, the data conflict detection process concludes and reports that a movement violation
error has occurred. Otherwise, the data conflict detection process reports that no movement
violation has occurred.
[0069] After step 708, the process can return directly to steps 608 through 612 to report error

35 or no error depending on the detection at step 708. Alternatively, if a movement violation is
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involved in step 606, where the Error Detection Mdule 302 conpares the new
inventory data with the corresponding inventory data fromthe |Inventory
Tracki ng Watabzee72414 to detect data conflicts and, upomrCrhs2aenesyoon of a
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pr esdefdetredineethasé demertads eprrsrmius mmmtmy idetasreasrdac iSatcechnwHE hcahhiet move
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exanpl ¢p0A]val Aeste@ﬂ:t nhk dah esnficvddidctibe pravestartheemedifics achalf vig é'rﬂo"neous

i ndi cates a contai ner, pi ckup event 15 value "2" indicates a contai ner

drop eveysntory qatagiscyds tmrdrl@éepémrrﬂg?@s ogEedaln s gmberimenty gy modifigptipn s

exagi ng?a@&es%h%@% QtifllﬂTlﬁe Fei (Féf&réﬁ)t\é‘”ah@e‘@g?@é{reélanthﬁleﬁ%ﬁHés%ﬂgﬁ %&1‘60

is equ to O alue 1s not O ocess continues t 704 t
det er niimen wiretdoas inveoony dataercopd, elgigo eGhnst Craainacuoriadicatt that He omatauler i

t he "even " fleld js u to. 1, a .contajne i ck event is detected,

ot her wiehodh HeolsBoEonm R g et At Fo o el Huithebupy 4 ol

cont ali '?&ratlgﬁ Ofh 2Ry @(H{ﬂlaad%t&ﬁﬁﬁ’ Bf&gsst%\lsoe?ﬁaﬁﬁ'ﬁ@é fHe ﬂefw @laﬁ@ eVg"ll beaddind B€ error
"event" field is equal to 2. Besides the "0", "2" stored in

an i nvéhgdeythearw ddtaltd, 1nd1|qatgrtb@th‘d§1p contgehindmgt 1 rnovernent event causes a movement

20  violation error, thereby the process regards the new data as erroneous data records as well. Such
modification facilitates the subsequent error correction process (either manual or automatic) by
distinguishing these containers and the corresponding data records from “normal” containers and
their records, where no errors have been found. If the subsequent error correction process
determines that these containers are actually at the specified location and the new data is actually

25  erroneous, it can delete “Ghost Container” or replace it with a “normal” attribute property in the
“Type of Container” data field.

[0072] The modification can further include calculating a confidence level, Conf.y, to
indicate to what level of confidence the containers in the erroneous data records are indeed ghost
containers. Such a confidence level is usually calculated as a function of Confs, the confidence

30  of the position data of the HE provided in the new inventory data: Conf.,=f(Confys). In a
simplest embodiment, the confidence level is set to be the confidence of the position data in one
embodiment: Conf.,~Conf,.s. Alternatively, the calculation can also use the confidence level
(Confyrop) in the erroneous data records, which is the confidence level of the drop event of that

container: Conf.,~f(Conf,es, Confyp). For example,
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the new inventory data can include a field containing the speed of the HE.
If the speed is larger than a pre-set threshold, a vehicle novenent event

i s det ectwO;200td28124i se, the new i nventory data does not PCmdiSc@va4B7vehi cl e
movenment event. Further, the new invent orfy data can include the 25 output
froma (t{if?e_.d %Ont ai ni ng séri¥dped &.1d. = thi-at)- | ock sensor) or ot her
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"unl ockeei3|t o Akeckesl712,ane daheonflicc@nt@iongirodcss Beh Rgpdsappesta @bhflict Hecan
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t o t he opvoloelsgnévenizind cken80BY penviidedanthegs. §Aeqnd7AIH Inithchibst cxaepde shaven ankyig.

error. J[,0064].Lf. a vehicle vement event is detected, at step. 702, the

o boes SR M s drpGaeig 4o SRR SR 4 RS ol TeoTi L bR
St eps 6aBodrrtRLIGNE 7iHe SOV ilBriatich KORhdshitted pEied BELIIyORiaPihe CESHmWhRRtich
vehi cl e novenent event has been detected at step 702. To help explain the

process\etvowk E&atppiceert diic Hidhs stabns e vkardnplieajioptlintahase Biterfacgeld 0 fueh sensoBA

00, * nibiabatdhl danficilRe BlC RRHGR r3he HES i ESHBAL (L pBURAR KOkl oPHEh

provi dest,ahé kesdnt afsopdssl Witk tiey HEY afid/ pesn.alite AFPpliyisnatabasOnt@hReKiloghen
process to go through these error types in the list to determ ne whether an
error GENYRES JBCITCRIPTY Gl porit PR NSy clr PElC Inte BiselnvapOEl nswtking he
195 OfRARS! bl £4 ChliBhal YARS BRGEAIPNANGNA, asYahh ! 20V TR Ay BKEN e

i ncludes novenent viol &t i on, I ch can an the I's noving at ‘V'ocat i ons

t hat arApphkateadyatebsu piterfadey] Idoaisaiorensls abe geratratgd how tideniony dathago yhe Error

dat abase. Si nce oV nt violati.on is the. onl error. ty in the |list of
error t @élopﬁwog@ﬁi@Egﬁ)ﬁﬁ@ﬁéﬁe%%n@m%e& ’r’ﬂeﬁ A@ﬁé&%@@ﬂﬁ%&%ﬁye{fi e
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[ 0065] For step 708, the data conflict detection process uses the follow ng
pr oceducw iftgantory data to the Inventory Tracking Database 114.) At the time instance corresponding

20  to the first example, the new inventory data indicates the position of the HE as (x, y, z) and the
speed as vx, which is greater than 0.1m/s indicating the container is moving.
[0075] As described with Fig. 6, since the speed of the HE is greater than the threshold (e.g.,
0.1m/s), the Error Detection Module determines that the new inventory data indicates a vehicle
movement event at step 702. The Error Detection Module then determines whether a moving

25  wviolation for the HE at its location next to Row 101, Bay 24 has occurred at step 704. To do that,
the data conflict detection process first identifies the cell location (i.e., a Row value, a Bay value,
and a Slot value) that corresponds to the position in the new inventory data (px, py, pz). Since
the HE is a physical entity with dimensions while the position (px, py, pz) typically corresponds
to a point on the HE (e.g., the mount location of the GPS receiver onboard the HE), the planctary

30 position (px, py) is usually converted to an area that represents the planctary area the HE
occupies. In one embodiment, upper and lower bounds at x and y coordinates are used and the
planetary area is represented by ([px-xbl, px+xb2], [py-ybl, py+yb2]), where xbl and ybl are

the lower bounds and xb2 and yb2 are the upper bounds. The upper and lower bounds can vary
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detecting novenent violations: [0066] (1) The data conflict detection
process first determ nes a search criterion based on the error type (here,
a nmovenerwowonl@sizen) and the new data; nore specifical PgT/usb@opuseess 20
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earlier (see Table 1 and the | ocation nam n% convention in Fig
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no fovi ng Vi ol pt-xbh(hash/Decurrpd:xbRO0GEINB) and contai ner cell |ocations are

identified, these | | ations c the search criterion and the
process then q%VP]g'gle’Eg{hﬁgﬁ_vyﬁﬂ’BWboﬁﬁe% for inventory data

COr I esRaRa Qﬁldtholefngﬁl 'aﬁ&']{fe ngh't etk gl detl?cl%ﬁgtﬁnénd héi gh‘!"@f JURIIYIoERRM! B/ {His €-
i nventory data record cate there is a confai ner where one shoul d

not be specifiherample @hqwn 1n| IpEe8Asche sdandy gelds no m@ultel sintd thicaccadmgklel, patkb2],

| ocati on e da confllct det ect.i on roc oncl ude nd re rts,that a
v arent v it S haD R pot oS o A L IR GRS i HR P B shsie e FoR
detigct ia@ chhtameSSInReN DS, BRAL4 NAcITRUBIRNthe\daf @nifildd deasstionr prick&tboncludes
[ 0069] After step 708, t he process can return directly to steps 608 through

612 t o thasBor MOWRE 30l BHYY OFryretly BeD dependicrigs Bnstem E0% Sidient RORINSsANY IS,
Al t | 1.928726PCT/ US2010/ 047370
o 3y PRS0 08, 3V AR

detecte rocess can fur y and nodify the
er r oneqog76fat aAsﬁﬁmrtﬁs HHEhaintians rﬁi)\fqﬁg tedlismowt fxehelpdsideshoamriaFig KB mdiieh at
steps 710 gh 714 in Fig, 7. [0Q070] At step 710, the data c(?nfl I ct
det ect |1%)W1% %e%ﬁmtaﬂmﬁés HaRawr 0d o Pax 2inAtey Hysripry datprecord gepsited ples

AMGRY L Mt fasALAns GRLIHAGes! MR NS pSEDY, P29 %Rl 1a0%y Ik AGCHRY FisAnd
larger than the pre-set threshold, indicating the HE is moving. Again, the Error Detection

Module 302 determines that a vehicle moving event has occurred at step 702. The Error
Detection Module then follows the three-step procedure to determine whether a moving violation
has occurred: (1) the process searches the Cartesian positions in the conversion table (e.g., Table
20 1), for the corresponding cell location, (2) the search now results in (Row 101, Bay 24, Slot C,
Tier 1 to Tier 4) and (Row 101, Bay 24, Slot B, Tier 1 to Tier 4), and (3) the process then queries
the Inventory Tracking Database 114 for inventory data corresponding to those cell locations
(Row 101, Bay 24, Slot C, Tier 1 to Tier 4) and (Row 101, Bay 24, Slot B, Tier 1 to Tier 4).
[0077] If the Inventory Tracking Database 114 does not include any records showing
25  containers at the specified cell locations, the query will return no results, or in some Inventory
Tracking Systems the query will return records indicating the locations are unoccupied. The
Error Detection Module 302 then concludes that no movement violation occurs and exits to step
608 with no error reported. If the Inventory Tracking Database 114 had data records showing
there are two containers located at the specified cell locations, for example, Container A at (Row
30 101, Bay 24, Slot C, Tier 1) and Container B at (Row 101, Bay 24, Slot B, Tier 1), the query will
yield the corresponding two inventory data records. According to the query results, the Error
Detection Module 302 concludes that there are containers there and therefore a movement
violation has occurred. The Error Detection Module 302 then reads the two inventory data
records at step 710 for further processing. Subsequently at step 712, the Error Detection Module

35 302 changes the two inventory data records to mark each of the Containers A and B, ¢.g., as
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5 determ nes these data records as erroneous inventory data records. Since
an HE cannot nove through an occupied cell location in reality, a novenent
vi ol ati orwDndiles®s either the position data in the newPCmUSRel00y73d@t a i s
wrong (. . I o)
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e Al ter at ul ati on
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conf I dendieatt eNello@tioh e lﬁb@(ﬁlg@de Rith@fvischate pRRERI @aémmnfmf rthd‘ c&BipO s
Confdrop). For exanple, 11/ 028726PCT/ US2010/ 047370 CO [ 0073] After

step 711231%% data conflict detection process then reports the data

confli g ?@C?nﬁ %-ta(ﬂ?er% avRMbRELE | bﬁﬁuﬁgt fak sBémﬁulsc?gchzQp focatidh 8¢ §Rerfifeq t NE

data c I ON process ca
in step 902, the process can proceed dlrectly to step 908 to report the error with the error type

25  and then proceed to the next error checking step at step 916 to determine whether the HE is
operating at an inaccessible location. In another embodiment, the process continues to steps 904
and 906 to identify and modify the erroncous data records. At step 904, the data conflict
detection process identifies unoccupied cell location(s) beneath the pickup location by further
query of the Inventory Tracking Database 114 for inventory data records corresponding to the

30 cell location(s) beneath the pickup location.

[0081] For the new data to be correct, the cell location corresponding to the new data as well
as the cell location(s) beneath it must have been occupied before the pickup event. The absence
of these containers indicates an error either in the Inventory Tracking Database 114 or in the new

data.
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further output information such as the nodified erroneous inventory data
records, the type of 5 error (i.e., ghost containers), and the type of
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apart fi§Qfbn are empty; however, according to the new data, Tiers 2, 3, and 4 of the location should
30  have been occupied. Accordingly, at step 906, the Error Detection Module 302 creates three
inventory data records, with cell locations at Tier 2, 3, and 4 respectively, and the “Type of
Container” of these records is marked, e.g., as “Invisible Container.” Since the container at Tier
4 has been picked up according to the new data, the Error Detection Module 302 further marks
the newly created data records corresponding to this pickup location, e.g., as “expired,” to

35 indicate it is only valid in the past. Alternatively, the Error Detection Module 302 can just create
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10 any containers in Row 101, Bay 24. Accordingly, the data conflict
detecti on process concludes that no noving violation occurs at step 708 and
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records showing there are two contalners | ocat ed at the sp?0|f|ed cel
| ocat | GRABLAINEEHWAgPAGRSA D B WRsrepsile dpcating it 5P 10D, Atagrapiple & dhovwe, infligr 1)

angs Conpgl %Erg%l@ﬁe\(z %&%dat?%&%@es tl%t(@on 1ne-F'E§3f1as]’() {&e&] rfr%m"*’he{ 3piel d

the correspondi ng two i nventor ata recor . A@cor e query
r esul t she InventBryr BracBeg &xtdbase sﬁ‘lﬂodvmltbatmwawo% Lwl%&kbdh abostef(émﬁalae@ avhitcaédner s

there d theref.ore a venent viol ati has red. The _FError ctlon
Mbau o DI 20 R F s EaRr o ORI A APORb OF & oatier P Eo AN ienly dEickitg Papbse

f ur t herc RILCS IS iHdaid M@%@Q%% RhcRbEPle (hikss CBRtafCF Wha!&%e@ﬁ {RBd NP%'ite
35302 changes the two inventory data records to mark each of the Containers

A and Bo @tgmmfawhvttmlztb@ To0R87L HRETI usmovt @4 TEpQcssEho bcai@omittla datp confdind

poalt 1 ortes it PR ST ermES oo B SRR E B R e St s o
o1 8,00 M S 10 g g o
et ptad sty S sl e

? ﬁgegﬁ Icagé slger tci)zgt: aZtﬂ;g? d:etgalsjtte;;SpmA:mn éfgjlm nised the:re) sqarcthkunexe;emlt gmyz ;ﬁteslnlvg'ﬂftefﬂ g;/vz

conflict detection process. first provide list of error. types that .
coP?es porddng Hatabasee bt rn@werﬁplaykgﬁa é@%ﬁﬁ ahaﬁ afq, 8sserigtsdi Wﬁlﬁtﬂ? oGagoR g.

the abbv%t th@ &{ru %cattMH e tl'len@é‘f eStutnl rn% Ge&lifs Af rNRE ﬁldlcré@in%Qhaﬁ %Btc%hﬁﬁ{ers

avallable for plc I hacces e pickup location, ccessib
oper at iang abmaﬁnqncku‘bhbcd@dm tbomhiai ainfliet dettdtion mocmsessnctlh@as thmpth@ymclalp

checkin roce t r an erro one error
Cypes. MPRE G RRatIF ST BoRES B roBa oG ShrRinectin 11450 Tt S8t Msr preless
first dgptenm P%S lmﬁeﬂlBQ]rﬁ:lleltyh@ o8 ™S4 8f ﬂférbfp@élﬂ@ NocaMah kabé ﬁmflﬁékd%' 16kdHidnat at he
| ocati on speci the new i nventory data. The 15 determination is

coﬁauctTe@t 3.dn ths e@nspjb the apay Wil yetuheapmyeriory dia @cmdnSélgwang@amt@metAl isetion

by ide I t|o .based 0o (o) |ncI
the nenigtic) BRelg BLARopAER eIt RE%S elifih Dl Bop SR IR P
| ocat i @ot hi\%%e@@@&de’silbﬂ%% sﬁeb®1eaﬁd ebndtiidch @lidt @A Jeirof Bftﬂehsepdgﬁme@sslbudﬁ@ekuiﬁ es
the determ ned search criterion to query the Inventory Trackln% Dat abase

1

114 f orogaxgRas rgcutada The poIcess @b theaspeerar iy retp@rttth%ela@t fepetheretiith thatype of
locati q er?&dat(s@p e Alternatively, the process can further identify and modify the erronecous

35  data records at steps 912 and 914 before going to step 908.
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20 process determ nes that no container is available if the query returns
no result or results that indicate the |ocation is unoccupi ed; otherw se,
the procese 2utesTIbNES that the container is avail able. P[J@(IISGQINMW

cont al B ® B AR B UREHR.Rcah MoSBEEI G, DG RoloRCALIAR, By

determ'ned’'in s e process ca rocee

report Jbe Iean @rtemﬁ\tb érht@oc&memrattstep@ 125thar1ﬂocte|9§fbaﬂ$ ctre&&wh fe@oﬁdbeesaaxd frehr or
checking step at step 916 to determ ne whether the HE is operati n% at ~an
§

i naccedds BREY| %&mﬂaﬁ DPIPEESHIAES taer PIBFTFIS i tPrestRD, 9%4@11,5?%8&@&%&&1@% tegtipn
steps %9&6?%&613%&&%?{%&@1 et@néj nQéj"éHostt l@%n%t{ ‘Pnelﬁ’ sﬁéii@}ég)r s%ﬁﬁ)ﬁ gle tybl?ei
4, the ccupied ce

step 9 ata conflict etec ion process identifies uno
| ocati @n (psopeh@rtefahét cofteinpt akthp theamadry alatdoyecdudr tohedicapaahat tbey dvhly dxist emttlor y

Track| Dat a fqr inve data record orres ding to_the
Socel | BT oot duiine.« HESTENsp A SEBERSS. oy SoBTEbAnS oAt oFACE o
be cor r(%ﬁdeﬂdéeLe%i + id Q%Edlé{ﬂat@@ hf §8PONMILRG I hRRoABIEEAI& cRProMRlcH iRShd he
cell location(s) béneath it nmust have been occupi ed before the pickup

event . n?Wemm@mi@ta@fhl& pedlcnenic et nethen iaddid dctattese amveatory dateiredoeds grrreplhes

| nvent r.acki ng  Dat bae 14 or in t new WO .

201 1/ 0 SREE ORIATEF G 75 T st e b dard Sondliftirtsstipp grocess
i NYegr ialsy Iﬁtrkt i havaata%yreffémké Bioah ab@smbddithent, NBisdat@ve&oiddinChn error
detection process then creates inventory data records to reflect the

occupanlég tof etrﬁras@atw indjcgtedhe erar aevalt as th@@ﬂ%%@e%lbgmentméh@ gata ceihiet i ct
det ectl 8&c8&r9§%%§,s f>6119se{he ‘fﬁn %{tﬁ%g"ﬁt@ﬁﬁl @%ét gftheae‘?rog %1\}%1' &h&h@ the

Cont ai ner’s ul sh om " nor mat al ners
errorSubaatedbﬁaemtofpdmairecéicSo at step 906, the data conflict det ectl on
process further calculates the confidence |evel g e., the "lInvisible

Cont ai N&¥88tont NeEnte dLate\/@nﬂ}ctfd@FGCtl%§@C@$Srﬁr9%qest ' SteR M Gfhégterming i the HE
heul d
caljgu %él@%& ggeratt{hg agase d&t@&% d pugd o IQW%P i §ob&lrs Bﬂwé gr:oct £ ﬁg\j(vaewe

in step 71 on t e con ence Tevel provi
i nvent &09 tidatigh 9081amidmmisl9dﬂ_thmhgh thﬁt)asmmftdd with detpeetivontwor ame sypeal(so, mar ks

the new data as.e eo since it WL ong .as

Eeod Heiny RSl o DRt naschss s pRFuf ogiien iR BN ELEoT SRt it o
the ermngg 1ﬁ§ot‘fﬁlthalﬁz5exfchﬁw%rvtlﬂfthk)6%rt&@@@@ﬂ@ .data conflict detection
process then proceéds to step 908 to report”the error, as wel | as the

type ofl0@8% or FltghelLﬁqdd@u@oadcxt@tmsmnscaulnlttstrgtm&mdnytlﬂé mmwlmaleama@d6881ble

P e e R e R T

det er MapesyibRL Ibedtiohhewlide ki H,E@eat 1eggmaette1§\rp1¢kna9csﬁtainlét . |H6@é¢e@ NFigh.0084]
Fig. 10Aillustrates an exanple where a contai ner was not available for

pi ckup 284 1ﬂrpgﬁhtbwt§éatd5é1?é‘éﬂ@cl3xilsrﬁel§? epsogpmenpB and K, theilEE.exdanpick; degenot have
bas
| nvent %e%/ addeBCKI ! (F:&%fe? RSKeh Q@%&%W é%&fﬁ@} ARG el a%c@s@%%’l tbgo E@dcﬂes‘tac?ﬁrgﬁ

Tier a specifi ocati'o e new inventory reports
Cont ai rigfiferénthgse dfdeP) pishlsed inpigatl I1Ai er 4 of the specific |ocation.

Cor respondi ngl after the 20 Error tectjion Module 302 reads the new
i neént 609P%at f/na&nesqﬂé%h%m ingogder o ﬂfg?‘“& E@F?f&t B drprerdieet a0 dippscepsidle

conf | i gfc.e6h egt dl@d?a&reogt%§ Ss Afefiit&Rod Qgclf?‘?y&ﬁh SIMIIE NSEdhga Jear%en&eﬁ Rlagugh

steps 702 and 704, the Error Detection M determ nes that a contai ner
pi ckup rqxreswnteldazy a)xcctangtdah; aranch ditvehir etvachrsanvred eth ofliee sbaes &dapendingon the

vent oPgpertathiHG Budhels Shaalr qffeed sk mvBvS4 ah FRASBRRE Container
belng picked up as the reference point. Alternatively, the clearance area can be represented

30  directly by cell locations with reference to the location of the container being picked up. The cell
locations within this clearance area constitute the search criterion and the data conflict detection

process uses this search criterion to query the Inventory Tracking Database 114 for inventory

data corresponding to the locations in the clearance area. If the query yields no records or records

that indicate no container in the clearance arca, the HE is not operating at an inaccessible

35 location as determined in step 916, and the data conflict detection process exits to step 608

23



25 returns no result, which leads to the conclusion that no container was
avai l abl e for pickup. At step 904, the Error Detection Mdul e 302 then
gueri es owmOPoave28726hr ough Tier 3 of the | ocation, and tRreTSsuo047876 |

|l LY PO TR S5 LR IO A ORI A Skl =

Tiers Zherd areamltaﬁne@i att ﬂhe ctlb tahtions iarnke eloaphyce di@é/)&ldﬁeda,ta aceficdddetion prrcbtesm ew

data, Tiers of the |ocation should 30 have been occugo

Accor d.Cﬁ@frlyd%ébatsth%ﬁlfgﬁeopef%@gat RBrNgsSEBYG Matipanerroseds e atces lﬁﬁpééad
I nvent 1 |

| Dennc iy {181 (e His Wb drod R ARRIA FD1E and coffithefh causine the

as 35li n\lmeﬁslcé)slsﬂml@gtpt(ﬁﬂlﬂﬁraré idSntrfceel. Alttermnmlwtmpnoce&dlﬁg with 4tch 838 tihedatmcmkléldt up
accordi n% to the new data, the @ror % i.on Modul e 302 fﬁther rrarkﬁ: the
newl y SFESHULPHAFY FBCHPES Lokr N dieetly peged do StRata o, ey

"expi r%gorw‘qtgtg@érﬁqlt?@ge it is onI y valid in the past. Alternatively, the
Error Detection Mdu 302 can just create WD 2011/ 028726PCT/ US2010/ 047370
i nvent dﬂ@ﬂldlat aAt etepPas, thodataheondladt [detcoert pronessgherTinarks the gonaBers] wlentified
addi tion, ew dat a. so marked due to the data conflict it
can potbitPar]® bet ShesiPEerORaTREI T § B rkeuti e St s reufharh e
manged chytanleiingheR RivERbrf bag@ fcosrds e adicele et atyeonly[ SQ85hTHR Mvt@bry

Det ecti on Modul e 302 maﬁ urt her assi gn the confidence |l evel of the 5

pi ckup Teyaking Brtbpse Hurthamesw 4 prrdisicnsy leaak aamed dhe iHBest drongFinerrfrenfidence
confid 8| t f I ry
dara raosias > Sipc@ldiued 5 SRAOHEBARA G he oo BsP Tk JFEERLE I MUY
error s i@snwey kiatasthﬁd@nﬁdwme levetad thehn ddded to @leRE dﬁzeﬁﬁor;s tetp r&8dsastdeplbes the
proceeds, to the _next error checking step to det erm ne whether the HE s

oper at ioHgat cgRfidense clexdi M éhqsﬁcla’t"i’lﬁ?ifyafiat%t@ﬁo@?LG SubsaeoBl] Ret ¢t senibisck
toki g. t er
o o o RePREPBEAS MG e R B ihhudih o 450 61 T B bl nE BB
t hen goeentwy the rewxds, emd emtscthetel&s 608 threyghtcd2det er m ne whet her an error of

the ty I nac sible ation.has, occurr 9 at is,
the oozt TRERRE: Bk B ot BetoBif R deSt fVam s BB dio b L R up
at an I70@<3@@&i:‘ghbl7@6 | eapiotssator$hbss o Qiepn1BoamRbeet 9230AWNFigh 121 dn i
10B, where the newinventory data indicates that Contai ner B has been

pi cked coypoflimaant, Tther seB quttrrqrh‘efpbm\szemscppydmgat@kal mgnwabhi@m cypigwiictudag drop
Cont,ai ner ..A I s acked B at Ti.e I ste of
CorPa AR bR SRCudi fonap R o Botho bl brgheuiBely’ ol Shghifee
Cont ai @@fecﬁorﬁﬁ@uésﬁ tidt shaplbys 4 avRkReGhodRAfCOaRI IR @hétﬁér%@at@@ﬂbﬂbﬂuﬁl’}r ok tihad
been picked up first. To determ ne whether the container picked up was at
an i nadkree srer évnes das esnrrodh e lipafiest coaf cheokinzostere sigts M Pepdedd wharg the
deternmp ot f { he
op 11 Grocey AARRHER, P ileldhy RRaith SRERTNIGNE THOE- ARG OREHE Ol e

pi ckup al @aalinwassiradgeded pkeedash btle l@adomahseahe nveniore Traekingdataleasq det vy
are _needed;  therefore, the process continues to step,916. O herw se, the
cePP | dehEE aaspnaingrhi ﬁ?flétk%nF jatahyi BRACERGRSY it PreViding the diceersayi Rhysicah
and thgy, Ba8f & s éhe&r d, ‘%}{é PP CSct ;ﬂéé&?ﬁrs\t’ 388 mhilkSa §e%%h0éht&'idﬁ fLd on
to quer he Tnventory acki ng Data for inventory data records
t hat anechaks ocll &icatioms uﬂdet the deeyd ]ociltumaapﬁclﬁsd abthe amcwhiatpiltha }drdpoloaatlornns al f
the qu eturpns.no results or resu icati t hat no nt ai n re
above  THY bicicdBs PO S e raedeisbnet N Saudbira pr sl ibhon B tialt
that the BopHsttibREARd tlfértia'tasccﬁlﬂ@&%te@ﬂl@a plddeRrdNeBHSoHcfide N aDB%ldrEl [oRhtion
checking step at step 916. For the exanple shown’in Fig. 10B, the query is
on3@i ens gotofn mmsalg @@dlnroweds)@asmrﬁéﬁ rfee theheexpicolet shedbowt stop iGthenwigo ti er
?a)n ,I[ g.l %gallrglh\ cril R agtn *ceu?i éeq, \gcahgﬂse ﬁﬁera]lt :,?l}ie }lorei)moca 01{:i %t !1?6 < a'iad Sn 1“4 ng
det er mde%auéxh@’foc&éa R1s§d tﬁi@tseaﬂcp ¢dickion t& bwwhenmeﬂtafoyﬂﬂaaaﬂg DReBsS 1t1|4€foﬁ§n38t ep
910 and concludes that an error_of the pe, inaccessible pickup |ocation,
has ocdRiyenEdy wéew@ww@%wm@ww@éé@aﬂw rléﬁ)@rqﬂlelfyrréﬂ@smreﬁ&&efph@ry
wtht t Y,

Furt her iuag: PEaddiS oEhe ol qrEb iftafom or el B TRA LN Te) ME IRIARET Toidhe
9135 beﬂ)ntaé)ag@llmg does sbtecmﬁzﬁﬁ anyW@taZﬂal:McDﬂﬁaMﬁf@TdddSﬁﬁtha{taﬂe?313@;1ﬁed location

[ 0087] Processing in one enbodi mnent can proceed fromstep 910 to report the

data in step
24



915. In an alternative enbodi nent at step 912, the process reads the data
records resulted fromthe query for further processing and proceeds to step
914 wher ewohetlidasreconf | i ct detection process then mar kK eCThuss@0oeTsv@i ner s,

n s 5 rty
of the%g%en al(&?\eerd %ﬁjniot% lel{ nthg n(?‘ta C&(llﬁf g d%%@ooﬁld 01 n%lE Olelé/]{aﬁ%st ﬂ}%he@g gﬁ‘ﬁ)y

exi st |1dsbatlbe i mdead o ynidaacdadngn a&@IaMS@cuEHdI t Ihesneodrebodimetn tHed@ng eonfbivel |
named t he "Ghost Cont ai ner Confi dence Level is also calculated at step

914 badsEcton prscHdRhi yapsestins /gl ﬁfl@#%éﬂ@ fﬁchﬁ%d Hodep A%%f%?eyoaéh%m%. s
confid | ¢ { Qi r e
The. or fomcr B i SrblEBp Bioh ReuGEh BEDS AR Ay LR EIR ol O8 76
conbli cstepsiéﬂ@fbando}ﬁ%r’aaﬁﬁssepbﬁl@the)elrrwakstetpﬁéO&ew dat a to reflect the error;

n one nt, thi ol ve an error fl. o the new data

nat catBMle oRF oterad> (el B dlas ran it dRie ot priis cuhes yhe ey et
confli %ca@i@ﬁ(@?bér@ﬁthoﬁl‘éc‘cﬁ@ﬁ 1dcaR& b§ser*'t§1 BETREry RstePMIESp érﬂ@ﬁluﬂ%nﬂ%[} ﬁ@()zi ype
of the error, outggts the updated inventory data records

the datidentifing Iempty oidlt locatiann benentle g @Dpde@agntb@ oomMpperiod Ghet HEd@slgnmmdlémH
the HE,15,.itse]f eratin an |n ocat i Thi.s

becur o 9pnh SThetolbaRoEksi oRut 1R REE SR R b R B GR aRaY 78L& Mg
914) ass@efond Efbraviniufdt b EcopFaRdre W dérBatie! rtﬁ@ ldrdpy RSti¢n i@ reali?R GeNdad REfflict
avai | abl e for pickup and inaccessible pickup Iocatlong since this third
error tdpisetiompmcess a 38pi KOAotreatas adlehyinsspiysiaje regotchior sactkhphtie unpscuiedor

o’ nadeLaSrtpa Bt s ARMGh. TRBACE ohlailt3 b i Er Wb, TnbPlhed®
show t wonteenpives iabisithe apticahiagost Txaclaﬁg S)dﬁd‘tﬁsé befotd, ans;, aretigarked, heg. Hiss

can legitimately pick up Container A, Howeyer, Fi gs 11C and 11D show { hat
due to HHSIRR| iR, ofih caﬁt ahmer of @%deqr figld mEther respegiek dafgoresorst

hay¢ t%nﬁﬁ@fo??,aa gi gg&@n% N&Fel Andi¥, tﬁeh%gﬁlb@ RS &Iﬁa@n&ewfa es eﬂ y a

reach stac erent type of HE) as shown in Fig. 1IA~ 25[009 ]In one
enbodi reletlatddnatetael20bobasete nb |tlﬁq1cmztfeiteheer leziel iGvidsd ap éreatdw grvantoay data; this

i naccessi on, a cl ance, ar.e eflne for ea

Soan o canptsnsh 06l jsotien daci G Erin S0 By DU RBES dhgurnag, TS et ar

ar ea, Ql"ete@ﬁo@bl%%eé’é‘ thén Qépﬁ% i 819@1Sw(tﬁi %H@Qﬁlbﬂ‘ﬂrp@ RAnd f&%tp%'f@l% Ifé(:vbl% Bf‘éai‘e'ﬁ)da'td‘ an
HE control |l er access area nenory, wt | ocation t he contai ner being

pi cked r@qm@slnt:lmémgethe mewbech@ﬂart@d cmﬁ@rnnaiavvkﬂi)wt std@eleegu@qunalb’e&lea@m be

re esent ect | cell cation th reference.to ¢t on of
20 e o PAs A he R oGS 1 BROGF Feild sh GiopRfe A G B A B

ar ea Copsfatihgheant ifgcceadie locatibd erstepnizapd the data conflict detection

process uses this search criterion to query the Inventory Tracking Database

114 for{ 9 ent Bigy 1 b tiHugsiesesponaipiyvherctthe draciReptinsisiin mideit |sathai@eon
area. feheth%‘iﬁééﬁt&ig%?%e@mﬁ%%Q§d19£te§ t%fﬁtoé&ﬁa %E&% il BOiEAT ﬁn(gﬁoe cOMthRALNer

in thetcei €at ance are I'S not opérating at an 1 naccessi

35| ocatis oatad ab@tcalomtaiect I rillst v Blbntoandhtd ndicdas & onaiidriAc hasdete didppad at
process exjts to step.608 WO 2011/0 6PCT/ us2010/ 047&?2 wi t hout f ther
report g erlh isrd@ta detectign P%@Sﬁ&é@w priifigsdhptange gree Creéématt@n% §f ng

that theme. ar ¢nf e %P BEE Gt theldiép fRhtiod QcCT%ll 2 tﬂeﬂ c{g@ﬁescﬂh@%@éﬁ Arfingd he

data conflict detection process concludes that th E I's operatihg at a
i naccesDatatiiaee If(mcahqsentheaedcq:i]r domedss. tﬂlestqe@ry%ﬁum@ m1é5ad>nand:htat gcairy eshbhvoge

record ; essi 8 an cantainers caysing
the s Tpabuusdd uf el JhGore Ataoiitedin Tieba oA et AQPPOEI) b dhractationg
W th stiepr9di8, tﬂeftatéiaaﬁhaomédneh 686 Lb Rk BRI He ARSp RYEPRISisSThaRRl-A4 8t and
920 and directl (frocee to step 921 to report the error with the error
t yge. step 1202 and identifies that the two cell locations at Tier 2 and Tier 3 need further processing at
step 1204. Accordingly, at step 1206, the data conflict detection process creates two new data
records, one for Tier 2 and the other for Tier 3, assigns two containers with their “Type of
Container” attribute set to “invisible container” for the two newly created data records, and

further computes and includes the confidence level in the two data records. The data conflict

35  detection process then reports the error, outputs the two newly created data records including the
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[ 0091] At step 920, the data conflict detection process then marks the
containers, identified in step 918, e.g., as "Ghost Container,” in a field
repr esentwogotinestzgpe or property of the 10 contai ner i RCTHSS@oiomtsent ory
data r i ndi th e | 2 [ iNthe Jnv r r.ackij

at abade e bRt B R R Pt B R Lo, R Bt AR e
Conf i depeatihgyeldn ihadcessibls tocaddicul at ed at step 920 based on the confidence
| evel provided in the new inventaory data; this confidence level is then

added {80%heseRrisuUEn: Bioy taate® PRSI0 b 2116 Hheadion lperdionryayi 41N aRefaTe i e
| evel ifodoleafhtinBUARIAIY 1 ABLBr RGRKrorRIGAUERD Y ok hfin AR uf0 B ki oS
detection process reports the error 1n step 9 ncludi ng the type of the
erro6r, tliuepot ypt,hecupdatdesh loowtdnt, diay odatreedr esostes 12 Bhdhexdatiscohflics tlefestidG@08
t hrough 612. [0092] Referri.n ack to Fig. 7, if a cqntainer drop event, has
boen SrSErs ARG Cho Jh, Bt Sughiigny doubipt dbe S0 B FOTHBE" i e oo

1202 t hpRuelty TPR0kih® Ddthhasd 414! NTh hhsk e P dcBRInatibethd Edatd fooBMILP e lo¥iRES
correspondlngpto a container drop event includes drop 20 location in

m d- ai prowescirt detemriogs 4 sneedhi awreriambhsth ae despplasavpe mathe ngwl datrathis seardthe

uhet hot g Bt Soht SPorR S vhC R ETRo G o ARGt HRALS e RRT ™

finet esdaibn eeslst 1he 165 B8 Thatits cwhilidt GdteRioh PPdocsyhen Bsdshikis RELELSSterion to
determnes if the drop location was in md-air. This error E{pe refers to
t he casiEeiynthghingentaryc brackingdpatoRase dpoppedtosy dtaateeerdatasspcesdd withcthescopell
where t AN Jracki i ] e t t-ak- t

exi st ﬂ%%% ﬁ%ﬁ%%@ﬁﬁﬁ é@%é%/ %?%%%?ggﬁ%fﬂgafﬂgﬁﬁé%géégﬁfnpﬁ%@?é@#gﬁﬁgﬁg}t.
Based @ontatics atethé dropt lypiontdrehddidtaicnenbbdvecthe prdgclessioni thetdacedoarlivt dection
search criterion %gaarincludes cell locations under the drop | ocation
speci f iPERFSH CoMdudsaihatathe. diop lopalicly ¥i3s 1Nt AcryHed andiprageses o the diext epar
base ti - ' ' : : ' i.pn
Ponaat 5 Ee g DT O o G2 CoBp) il PRl ScREnBE, ral BERLPT
concl udesitibhatast dieeady @pcipabbndthedfoiesametror of ithisl<caior tyredhgpr omesdd. hoost ep
1210 for .the next error checking step. O herw se, the sear Cri i on
ol udgbaRimeE e Rabtardhs dunaas rroses oATISAa et (et 22O § o
det ect inpsbeBd REQSS 1958 R feBb® tIREGXGTWRK tHeSdrdR By e irfl BietNeri diooldMENT @E Yrocess
Tracki ng Dat abase 114 for a;rblnventory data records associated wth these

cel | | centinugato steifs 1218 agder 4 befbrermecasdingde wipost thoerremaf sep 12ha cel |

| ocAt i ene t r l.ocati.on, .or. results indicatin hat . t he .
ol A00ERT neRl b BE kAP R Th aet g B S s S hisRE P st oy ng
a cont alileﬂ%[eryafeshlh forSRBfPretsdifE FHok et nMOnZOHkd/y G/ BeRGdckiSe hkQlrO &ehto

beneath the drop location, the data conflict detection process then
concl udesorrpeit theredorg tlspdataeagerdsnn the qussersgulisimust e gionegyd, a wee virshddat

A
W t h t vetheof thiemt ytpearchicders, crbhogusl dt@idcordsi Mhendataadonflict Aeteetisrapro¢edsythert e

prqcess proceeds-éo sgﬁps 1204 and 1206 before reporting the error %{ step
1268. PO AmetiEs Peo4 yre vé (patanoatiibue tyetidett tpprgcds sastuehthcrdats
the unoCoyRl &4ive!orh %@hﬁ&? 9§%“§t9-92‘?§%5*% tzcggﬂfé{ ARt R0 s 188G @RS a

query results. Mre particufar
new confidence level for each of the data records based on the confidence level of the drop

event; this new confidence level is then added to the corresponding data records or replaces the

confidence level originally in the data records. The data conflict detection process can also mark
30  the new data to reflect the error and add an error flag to the new data. Subsequently, the data

conflict process reports the error at step 1215, outputs the modified data records with the newly

calculated confidence levels, and proceeds to the next error checking step at 1216.

[0097] Fig. 13B illustrates an example where the drop location is already occupied. As

shown on the left, the Inventory Tracking Database shows that there are four containers stacked

35  together, occupying all four tiers of a specific location. A new inventory data indicates that a
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identifies enpty cell |ocations beneath the drop | ocation by conparing the
HE desi gnated drop |l ocation with database records. Wth the assunption that
t he new iwoentiany72data i s accurate and 10 t herefore thePeTmsse10l0¢7370

cont ai . t f

Get ect Eop piAALEACSEh LA 08 B8 an AT AR 1L FRked X TbPT oBHSrRErhhigy.

each ofAdcbelingtpetsppadoz, ehé dét@@@ﬁﬂh@n&témn&@tdbetd‘@t&msltba'tahe op ledation is
assigns a. container to each of them Since these caontainers were invisible
to the "ehipeRtdbry Sﬂrr?f‘a%CﬁB 1@&9&%‘3@@6%%@& are gy CarRicraliediygta condfict dsgectlon

"1 Vi SR, £k QLR the IRy ‘TTRGODa GO RNEE n{chRlkCh ok BBIIECABRREST T ve

data recor ernDre a confi dence nane nvi s
Confai rfleer @mﬁihdaspteaﬁlce}medtudh)laet sidps 02 0@l audl dtcequaay 8tldp al246 basdkshowinghe

confidence .l ev vided in the ne ent or dat a; s confidence |.evel
O e inet g ool Y P e doc bt b 1 eads v ahi bl ph ot can it
confli %te@ﬁ'&r@ﬁﬁo\:é&@ BhAGESShANES dfcﬁ)%&étﬁ)nt\b@s &"cﬁﬁléd \Mu‘l Br&c@@ds% rsf%[)s by Pﬁarﬁﬂd
outputs the newy created data records including the newy cal cul at ed

confi déaté to enagk Contaater ¢t ep“Ghe8 Cogtivsuganhtd ypdathegs denfadepoe layohfAftestthat,

det ection ,proce roc o the ne checkl n e rm ne V\:h ther
e T R0 o SO DR, BroksnBial it FHEofBRs I BoaficiSdt %
13A0i1 | Indety adlegated cexdmabe VBB RRd Rt cedsol the aatti &ft)rlcﬁedkﬁhgmep at §te Agl@ttpwn

on the left, the Inventory Tr acki ng Dat abase indicates that Cont a| ner Dis
at Ti edeterats whethss thedilRéy oncsatingdner inasposvbladepitwnner D. The new i nventory

data 'I’Igt?lfsit €S gf%ﬁ r%eﬁa th Sl??f’p}]g r8$9&%t18£ VAR e'teq‘fmﬁledl rp\% 91?&6&1 %ir' ct

det ect rocess f| e here are t ree ce ocatl ier
1, Ti ernted,12a0@r Th efroddcdoereat kep h20&61012 1150 tatdacncoallictidetecdon pﬂocéé@@jﬂoaﬁdﬁl es
the I nvent or% Tr acki ng. Da%)abase for those three ceII | ocatigns. The query
r et ur nd0 8i§PyI2bfdo dsicHningdbHy %ﬁdwaaa%ﬁfa%aamsab epeation: The, deterpingtiang

req9rd%n§9{e shb& u@mas s 1088 t 31 PAREAL ugle gah tge %ﬁl%fvédﬂttasseél%rts 924 he

data conflict detection process conc rop location is in
m d- ai thatfo8?) tistyepe 1@02pcated Hedent i fi es t hat the two cell locations at Tier

2 and rther processing at step 1204. Accordingly, at ste
Tooe. Ty, FESH Mo HaePeates mentiot ead MEResut s h ety Bisst 485 one
For Ti @tedtigdot laae@ttxt%etmfeﬁfory | @fors}, pAERUISNS kR GPN6RIBR %fvuotlttlﬁe!i@uﬁ a
"Type of Contai ner but e set to invisible container"” for the two

neV\A y cpefatned Shhapmgr:@@@rhlsad(hh@l fa ﬁhdteq'mmptﬁt gwwant FigcBudles system further

d d
or obesIifich SHdamb by fnd BF PERRIRRGEE o E LA, 0k P oriaS a0 B0 BTG o
i ncl udil@g dahRrad0stdfed la s AGIRCH S hbod AL Or BaWbY sifgllcdbhPdeebraonfth desce

| evel (s), and exits to step 1216 to exam ne whether the HE is operating at
an i naceleesiiBrEd|tosave gk 2 SfuoDeimErati W@leﬁ%ﬁcw%cpagtb@pnstﬁl@ @ ffixeq docagions | f

t he dr I CE

for tnaeRentarPBetERulRin o (ol sl PE-ERE, GOt s T Shmb el
error ftypée posiciopedtbwlirdp desigattcd rareah@fsthecyaw raad 1t &in site potid2 Mithih heprdata
confl ict det eﬁ(&ﬂron process determ nes i | ocati on was al({lead

th
¢opi EeNASYN QBT AR FOYE 3t dligRBRICH thatlﬁbwpﬂ%\ﬁtlgﬁgj %? 48K nY hoa diauded qver they
ma-ke t Reheafit %fn %}8 pr@) R)deﬂtté%e Cc%ﬁfetdscﬂ(ﬁe&ﬁlclﬁdaﬁnthg WARftS %Ia;d hvd \RIYOVIde

det er mi nes ase crlter based on the drop location in"the ne
t hi s sempgds tothe Applmatlondﬂawbefs: Inteefacke 010 thowmeghitbaCamdiunivatioe NetwakdOB oTll(es)

above the dr l.ocation,is not _at the tier. The
ot conmptergRaRtr dRetet LSt B He a8 S b TredF pRerumeobOutolos,

the | n\’()ﬁﬁélp?i/oc&s%; khhombRd aBag@crhfific WheRE Qr ¥elldffcatid e ¢ betpRISAR gé&@atw th
t hese cel ocations specified in the search criterion. If the query yields

no3Pes mm\teymy-vpﬂe@ttonsiatamtp@rémghg The generetail meentory-vhlkdagioo glatags dichsantde tlteh e

| ocat i t %Lfo ation, the data onfli.ct.defecti race
concl udae Rt TohATof e B g Rt F o Th R o i BE LB R PHRES
error the Inventory Tracking Database 114 for error detection. The Application/Database Interface 110

may also display the images on a display for an operator to monitor operations and activities in

the yard.

27



15 checking step at step 1216. O herw se, the data conflict detection
process concludes that the drop |ocation was al ready occupi ed and therefore
an error wO220h@s8®2sror type has occurred. |In one enbodi FeEmMUS2tl084T3a0 a
confli t ecti on:prQc n.dir.ec S e .27 nd d

or oceed TS - ohfey 338 ACARRAEAPRGSE L pIERRRT, FEBRp S AR otR S
enbodi nmbges fidie thy @eesss Lo Thelp®ctn cah &pSetlid kdn angspkRift thet evey papceesi ng
to report the error at steP 1215. 20 [0096] At stef_ 1212, the data_conflict
det ect i#58 §5r GHBE P ay ePYRIF 8t ANBUEYE RYCHANE 1t EGbHES. PRIMeGURY VX Pedhf t
for funhlel pRI:OSERSUBEIc T804 HEBEh N FRARKYrflRlR AfifkaliQIDRADER IRl OP
event to Be correct, therefore the data retords I n the query results nust
be é&rrdnécmd,pracedsosi the imegessafor Thahines recbgition. h€amaw inrage pradeysit@atahaigded he
data records in the.query results could be wo hence, .both of them.are

ng;
treat ed" é)aa?%rﬁ&%t%t%hmawr 9. DerRpipxpd Sifknt GBEEELS Sr-pPbEEdLE hen
in 25 heminkAlds WRBksf begylidRrs (YPE rOf t4aRNEGHANRErs) Alifh §RUIR HRnenSRAS! these
Contai ner" in each of the data records derived fromthe query results. The
dat a cdéerhhiques dest wetlikoawpriochese platehen thoapuBysuangevehe thehnidessc éhd dwmege f or

each of, t he .da C s based on the confidence |evel of.t dr ev.ent ;
This nC Sy abRE PAOEeeAE e Sl (PG TlE o sinaTaNed P StiS s
or 1pepl(mersiddieigRabbeensend)ey e iBlabgividdré Yadhokition datha posi€ien d5the dastetlaf a
conflict detection process can also nark 30 the new data to reflect the

error arf@ntaéngrathedntage PracgspingpModalendif anpyfurtisyideniiie atributes ¢fhe gacggnized
fli . t st 2 t put i fi t

Fecor o ORIRRE Rt ERRAE ihHFISHE SonBhe S ERon® ilos RefeRl BaMIREL WpET e °

next ercbominehHoki ng step at 1216. [0097] Fig. 13B illustrates an exanple

where the drop | ocation is already occupied, As shown on the left, the
| nvent ¢P10%tr acRNeRyCsIIaga L6 %B%Zq%@ge@%waéhéh%r frslafivelopasaione i thy Weaged

35t 9ge ' oWlo4t § b 1 afi i Q. : ;
Caear e s PePRRELR, Sl oo 50 b ByBBS I KFAGHY) BB b e
has occontasd; shippingiyahd ansitindf04 dntaicrenbadsmeitathednaize Frercsdng Mdadude 1404
specific location, Accordingly, at step 1202, the a conflict detection
oF oces SetEREEM Ho R of et bRe Pority SOHUPT oh i Aare LitRevies i
locat i %ﬁ%]@%lﬁbe@ﬁﬁbr}'s QEarthir) £hofd At tRE BHRItBE imddeew sathRerC QRd tHcGllaB6E B6ditiGNof
process then queries the I'nventory Tracking Database for data records at

t he dr dlpe ¢anzindron tiid inmge. Mot specificalty, shnec spabicdaficea isa¢ atfixed Jocation tiggicldeD,

and,t he. gquer iLelds a data record.show ng, Contai.ner, A alread t the drop
ocht 1 i Bl ot St Brid BVBRTRRENZARE EiRIR LR A Ml SR BepliiPatd
pr ocesscHRiy uMbes Ahatesthea ticafod profld tHat Wasciaks Widd oBREwW v aRe Soiteinst €ps
1212 and 1214 to mark Container A as "CGhost Container” and to update its
conf i deh@eingeyasdl capfeepretdgtgrminet dorsec ewndry jak pnyspechic sernpingcede. rapsbra s
the err - S 1L i j ewk ed
confi déﬁ%goﬁ&rgﬁe 8%5%8?%%%5@‘ g(tigg{ %e{‘ﬁ%gélggl\rﬁr %éh\}ce %%‘ﬁ?ar\bé&s%% gl?é g? iélp "216
t 0o det epniainéngithe tchié lodatiensHe. g, Rope0 AtBayR 1, Slam i Tiachds shddhépping airdand the
[ 0Q98] Referring back . to FLg. 12, if_the drop |ocation was deBe-rm' ned to be
undecuptisy eluran ggontaing JhC £QIEPRPAINGC BRYHUY e sP&p PY26Rd 912) 1218 ¥Mgedat a
confli cl ol k " is
por at 1 g S PRI TRGES 0 Do P ol Byt P B (Al
subsequpatedss@psing 2hgles withRPthe acanngiguahgae of the tchimepr dbe smichy dfithesie\seahniing
steps 916 to, 921; therefore, the re not repeated here. [0100]Fig. 14
shows AACenoRsHG Ry ERUSKY g adhap Thehdgerariek S Ltk WonhnE ek Do gh iy
d:?t ect !{c@ﬁeétgf IS HIRC LdMGinbNVIAPHIAE YWald b9 SingP et oAl préfiRy EQESpbRUihOESHONS
of containers in a

30 closest pre-selected scanning angle. Before mapping an image taken at any scanning angle, the

Image Processing Module 1404 may rotate it so that the rotated image approximates an image
taken at the closest pre-selected scanning angle. Subsequently, the Image Processing Module
1404 determines the locations of containers in the container shipping yard based on the location

profiles.
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cont ai ner shipping yard. In addition to the conponents shown in Fig. 3,
this systemfurther 20 includes caneras 1402 and an | nage Processing Mdul e
1404. Thewoanare8728402 can be singl e-lens caneras, ster@OTABENASIIM t h two
or nor nses t n n h. ' to
o 0" Gal 2y, ok R 1AL FARTRIAE AT, ERR Bkl et

| ocat i als ifa®gedto dStQhﬁ@lbetﬂddogf&Epdhdir%SDOCHﬂibﬂ e tigoob@hiner sisiPpippi yrgd Vfar dactEach
canmera (or each set of caneras) can be positioned toward a desj gnat ed area
of t he 'ye9RRIZCG FeNtpine Ihe andgarks epndnelpdqiine Rarkers anthe eoundppgarbinlight petest o
cover apl Bt fix E&asuEltﬂgsnbﬁlf 1\%&3[& %evﬁéllfo Vil Sfhca R lgcaty@af ﬁil'e&tlrah&}ﬂe?]rﬁg V{ﬁver
t he container s |pp| ng yar oper | ese caneras can scan t

yar @ anict porovinceshipgige yatdocanhbe Ap@dieteratm@h/tﬁﬁb dhabearkntar bawsedl 40 rdftucocgh

t he Com*rum ation Net 108. The Appli.cation/ Database .Interface 110
O ot oL (RN B oAl A roaSElife OB ARSI E RS, ccesses ¢ he

I mages [pr4get eSd)"“féleatV\’S}% RebHs 502 1ahd [1804L i@ Nniage Pe&LRIIRY W&l&ﬁ@@féb%ﬁ

i nventory-val i dation data accordingly. The geRerated i hventory-validation
data i §0nﬂamﬁr85 enteactho lmaw En¢ cictcDainsdt thom lubatirine iB0the shhprohe cordafles Imhge

i nvent h data records entory. Tracki.n

Dat aba?é °fi54n$ °d8 %&8‘% Mﬁ%ﬁomﬁéﬁg B‘?rf%%tF ﬂben‘)oﬁllaat“éeﬂé%cé’g?{ﬁ‘%F?%lt%%f%
nmayoal seuldpieahayed ‘Jaﬁeﬂ BR0as comecr, di sRilay the &eo@/@m@@ﬁ r@duk fiodn Mk Qliken by
operations and activities in the yard. W 2011/028726PCT/ US2010/ 047370

[ 0101] mngtiplgspamsrag, fo chlﬁlﬁlamhs%men@nﬁﬁ@nm‘ O dxpsreppgriiaqreeasily o iapve aelieye
errors S ras 1402. The process can be set to run
at a shg@%fgccgpa kgﬁﬁl% COL{ag@E&Sg&?% al so be initiated by an operator at
any tie10s] ev&ibscguentlp aretab 1506Ethe $magpé PftgeésﬁngSMbldulJ:SD@4 deherategdgeentory-
Processi ngaﬁlvbdul e 1404 receives canera i mages fromt plicati on/ Dat abase

| nt er f é{élé loyf’@taabﬁa%%ef%@é@l&eﬁ ECCORRIGER apgth eéB‘f"ﬂ“&PhéE the é%‘@@ﬁiz’?ii EPNtANEIS| ous
? félegsﬁl&c Q%hqmr%gane%tc%&sr@ﬁ&%&&hﬂ&dt &L RYEF £ e h&g ge
oye tO recogni ze cont al ners, e. g. treati ng contal ners as cubes or
cyI i nddreceseng Modudr 14Gnkanclavcad pm@)ermmdd epptité far e mevvsicopspliddtioselata

t echni gues re wel | -known, to those skiJled in the arai%%lé%f1 usi n suc

t echni CRRCTaralls BPBLALS N NOUIPS a8 40 Oorlugh Bhions GufTan fisting,
image af wWeldelapchtts in(the! Rbightbd RES! hh@Mse bfhef IBRIMAKAYINARAERE \ﬁﬁ%@
ground) in the inmage, where each position is the position of the center of
a cont gbpfemer Ishﬂe:tdcmg?é tl&r@@@smnldglgl\mﬂd(b@tlmothagaﬁmh@mngdu\éwiuw Y404 fills

|but of th dcotaln such . ttrlb

copa fante eahb sORFHEBE0eF Ot Lol SEGMVEML S 3o tedlhst Rpiqnos
[ 0102] @a&ﬁnﬁﬁﬂb@hmlﬁlﬂme Tfh@%lﬂ@ %9 e leRpRidoe fo Mfctuhe tblRiins f6redtidriiN@)Imation
positions in the image, 15 the I mage Processi ng Modul e 1404 furt her
det er mishsay te atisbrtcs oh sadt racpgnizesheaiitzieersndrn e s &Ireeeh s spith T yhg d
at ste 0 e 4
det er mQanbég’ ?Auhcg ?6@% ftgﬁBo lngﬁ é;tct)l}let %?%eérhggcg)grg O%Eiﬁ%hlrﬂ%&l\:%? %jlé)%e%f Ofﬁel%l% ra
that prPesdesdsg MelulaTb4®, theh ecpaiahescsalsieannihrginangbg-alidaten ditawo tieEiramge
was t aken, and tae relative positiagn of ihe container in the i mage, Mre

spéei f iQesfation Modele 2t siepel06; s Optionalty, g Imsgs: Freressing sMopuledl4¢ san
vi ew (lgofibinel i€ 1€ 30C &R WaRflrd ﬂlt& he, 1hé[@g@c)le %ﬁ&‘ r%rﬂﬂfe%@l@%&bl@@&% Elqmt he

canera | ocation and scanni ng angl e. aresult, | ocation profil
associ Aaesctian Madude 332.vi ew with t he cont ai ner shi pping yard can be

Pocat aiHor 1 b Stear 08 HEprBae Rt Mg fof GRASSHUE S Sirodaenieion (b
one coldapnfeAntiRl thiig PRR&Ed MARAL 11908 tbeddeot ﬁ%té&lm&@ymalm Bhvehtofy

Tier 1) in the shipping yard and the 25 ot her colunn Contai ning the
coBPes HclsmnrggDp@ba&el birfs The . Egror I@&tectw M@ddlepw finst fherids rthgénvemﬂe&\r@qkmg
mul ti pl asath flles can_be bui rab sel ectin | £
Cequal 15 4BSE T el aihi Ean S adPoltthe vo (RE BLIRTRRG PUnBchErhoRe Dot
The spaatadgndihch ReGPaSS Uty AREkLWits fatindeheryrellidbtiotedata Soranly ds@retphﬁéy
i mages taken at any scanni ng angl e can be mapped correctly into the

cont ai heFveshithpiwey & arcgll Becafien Hepachricd gecording t‘bﬂ@ﬂﬂeé‘t%ﬂlah%@ﬁdiaﬁgb%téh@c he
any soainp e B PR ke L S R e P TR Bl R IRAES B
t h@Sr otragaeded aveg@isaipproontaimet esa aonthimegmvisike o ti Thveatal @Mngnbetabaleelqned
scanni ng angl e. Subsequently, the Image Processing Mdul e 1404 detern nes
the I ocations of containers in the container shipping yard based on the
| ocation profiles. WD 2011/ 028726PCT/ U22010/ 047370



[0103] I n anot her enbodi nent, the |Inmage Processing Mdul e 1404 identifies

| andmarks in the inage to determ ne the corresponding |ocation in the

cont ai nerwehloppizspéyard for each recogni zed cont ai ner. Ph@/Usandmurke can

i ncl ude. ] | ; he groun near { ght. L es, . Ot Lxtures
such a0 Bl TG S8 Toudloh APnftgRUiflea BERRG 10 AT PGS e B U it e

| andmargsryi asutstihdicato miiaaitiees issheqipding thaedthe abntamepisacgatiad a9 aadingtdids &

| andmar ks can be used as reference points for determ ning the |ocations of

d
the reddglivorianchiteldnadagbare t Herrshigipsingogaingr injtha Bafasescs Moregvehdhhbaeieps
1502 ang 704 gw%c‘ﬂﬁe '369%% P Qe o hipdr M WoRitallas aftﬁﬁﬁﬂiéé‘ﬁ&ﬂ{% fHOakSRRafidh

each i nage and determ ned their cations I n the shipping yar mage
Pr o6 es slatagvilio chrlt@ndrddiboes id thetqoery reanpdoecrandictotioe Fat exdnde.ab atcardieg to

recognition results from 10 ltiple ima k by one ca ,.as well as
e ecb R erER YLl oEds i T Haocsman Mg P e OBy Susf e
eval uatye ,tRR 16QMDh Yue MY Ry tORiILE SRR Mhdt 1RO chRSHEL atS@le 2811 IGaBBRIIEY QobHoaher
accuracy in the container recognition. [0105] Subsequently at step 1506, the

| mage PRenewssitheg Hutnd UDeteatindiMgdule riifetben dotents oy iscrgpdniciian i apmibutigs at zsedl on

t he cont ai.ner cognition.and the | ocations of . the recogni zed tai S.
15 For et el HEnciscL it s udial St Buar DN G ek Bl Rl TH
despgnabrpy) ar eat stepa st orege Briop qRSSdH08 NYbElé 801 464hce arcafaug odifies BRt@6A] ned
tenplate for the inventory-validation data for each canera. The tenpl ate

can be da% aspepding taghe crroioddentigmmMosbsnscifigablyy thoErrepPgtestion dMdduly 32 creates
cell | i 40t i t the. e - for~ 1 ndi catlng
et ne I B O 5 RS R0 e LB S PO SR e el
| mage PyodatissiMeduibadod elsd Adkd thk lcentdlhet Btttihiee seg.othd ‘agbu o Coasadroficldhé
container recognition at step 1502 and the | ocation determnation at step

1504. THE neybi €cifay dpé resqsdnerdd 2 olMViehlg dOnEdrainne noratg ki ihg AIFRER Ve
sugh asnyifi6lcab tld Rviﬁéﬂraaé}ﬁ DafbaRN 124 o CNLBLABhs 3 ea‘ghbﬁﬁcérﬁgiﬁprsfaper
each row entry of the table; Such a tine stanp can %e the tine the

cor r es pdandiifing, therdiger Wesectiak doduld802 meddicRrtbe esrsispgndvingl dite rdebdd it themuery
reports these tables as the inventory-validation data to the Errqr 25

Det ect ir%wﬁ%aiﬁeét YT SEopy TSENE e%tqoamaryroneﬁg 9 nEgast S VLRI ngoMsLI e
1404 caga6ondiwien thRnkaRke {tBbueAChnEamRsa Dd@ioR Moaglee 3pabls anshifyeRry t
the single table to the Error Detection Mdule 302. [0106] At step 1508, the

Error Detresponding Matiutegortld0a thy oewy sesilit tecaddrithe nttobytey & thgainvemonyatadidatiam

| ot o GOTH BRI RERTelrel B e ARl PGB Mot BrdiBerriay

quer i evddige 1307 egtnOfiythEF agdkingoddatcabasdcl td thordathatRoFeasihgsa ﬁ%—d&é{ﬁﬁﬂéﬁ ng
to the cell locations in the inventory-validation data, and then conpares

the quépyfidaselavs! pedatehwithihetmageProcesyioaMaghledktdd. f or any di screpancy
oo oSl Led 5P 015, DOEURLPARECHA 0Pk M v,
is at tdaatreardd addtbatiodifiedt daea wonidatdhe Iatentdre Trakaiy Database 354 agandgdatas a
T §si ng, fant aifler or, a container invisible tp the Inventory Tracking
used either alone or in conjunction with the cameras installed at fixed locations. Since these
cameras are mobile, the Image Processing Module 1404 determines the locations of the
recognized containers by recognizing landmarks and using landmark locations as references.
Alternatively, the Image Processing Module 1404 can use positions of the vehicle that carries the
30  camera for determining the locations of containers. Subsequently, the Error Detection Module
302 detects errors and creates or modifies inventory data as described with Fig. 15.
[0110] Fig. 16 shows an embodiment of a camera-based inventory error detection system
interfacing with an inventory tracking system for detecting errors in an inventory tracking

database associated with the inventory tracking system. The camera-based inventory error

35  detection system includes the cameras 1402, a separate wired and/or wireless communication

30



WD 2011/ 028726PCT/ US2010/ 047370 Sim larly, if a cell location is not

occupi ed according to the inventory-validation data while the query results
i ndi cat e wbhaviti2ene is a contai ner there, the container PCiluseeyamdBdo as

exi sti \; e e Tr t ner
' ¢ he Ear 002 FErimRE PO E RSO, RINE At Rlgson Bl ofETTRY
conpar eothtié@nbainesrort 1602 bditeedy idonhdres theveinicpdsy 1408 vatat the rim5g@I @tc&eymﬂgh
cont ai ner attrl butes in the query results for error detection. For exanple
i f accorfiuify 1l @hganm@mwg%gwa%t%hy&%ﬁ%ﬂtqﬁ@ g NI RS FiAg

1404 r o I

resul t o Shonehar FRahBEpEanRl AR Raifey saORRL ORAKE tﬁ@?“%#%ugh
confai nier ApplhetiEniDatabBet Bdrfaon lM)dsl lsleaov&()ﬁl Figei. détreet the aanibmetrasphinyyntory
attributes at the cell |ocation. t hree cases_.of di scr epanci es | (g(l cate

errors SR ARECHM, S 96@@%@%&%&%%8@4111 HECIg B e INYPRBIYL B4GKIng he
Error Rel&at WatthMadyle ﬁ’r@f%nfeé! lih *‘s%ﬁleca[p%ﬁkeﬁﬁm@rm@ fd‘cle%%lg ¥BREATY tHAtRage
according to the error detection. Mre specifica the Error Detectlon
Modul e pB@2ssr@arodslealf 0 rand rtho ﬁVOﬁéQt@ptmcm@@M ap2 esammﬂ@etd theqragsasp shavree  a
m SSi ng..c ai,ner is detifi d: .th Err Det ectj on 2 al.so marks
The> Cotig T AvE] wep S g1 gTore ety gt hecwgtowe}r%??% Fod o e
creat e(gygéﬁlan[:%cqnd (e g., as "Invisible Container") to indicate that the

container was 15 invisible to the Invent ory Tracking Database 114. For_ cell

| ocat i d0ELher Big: Jhokaws cblackailigerasm af an ingeretyrtrasingtand nmagemens spsemayith
Modul e d o] n r e S

ot | oot ﬁ{%ﬁaa‘%‘i@ We&t%gf Nrof &ét@csd%ﬁ Qh&‘giﬁgéh&?{t gﬁﬁ{e f'coh%ctﬁéh CQH%éMQHéi&g%lhdécp
Cont ai me¢ordingab eﬁ&iokhrh@ﬁs&bf ﬂi&Serehh inviesticat. ¢haddiaibh rto lﬂw a&npdﬂ&ﬁtsliﬁ raOfypical

Det ecti.on Modul e 302 can nodify the corr espondl nq data records in t hedélgpuery
resul t IRENEYY tRREngep m?aﬁ&nqnﬁ syiem;asvhow's it Figa i a94ithe o Dgtacon Madul ar e
t hesatt [

et 2t Pon R dol oS08 ARA LYl GTAAE TR AT ACk S brrofiE B8 Enions ¢
usi ng Er@nkmgjélam‘oaimém,cmnfsyd@nn@rﬂmahclad@om atredt GorrdrtipheMbdwlgel 702 that

Processi ng Modul e 1404. [0108] Supse st.e 5
Dot ot FHANEE €T Ao GsBR o Rl Eirde, Besr R AP 192 il coigests the
nodi fi edicdRbRrioRS DetSls o? b WERELIOY MEAGKI T Haf RPASEriddkalcp vititcyReat €.

25 [0109] In a separate enbodinent, caneras installed on HEsS or nonitoring
vehl cl é& Feanlbheo lli@c%eﬁlti@mghlwabmtwelﬁm $nett negessiyhing the asepmenozrsction

alled at fi oc camer
b o asdris nA AT CBRRlaR B LR RSy SRR i u TREa GrvebEfh hBHG:
cont al Refrectln precegifitid sytritaRATRIEK . and using landmark | ocations as
references. Alternativel the I mage Processi ng Modul e 1404 can use

posi t i dOLI2f tﬁl@ V&hisca dlopyehart chppines oph MBOdEagns rof e rerepst QHIRCHOT Graqess
| ocat i %Qécu?éd giitpc?rré rre%lﬁgﬁ 6% !l’YOZ.tIEﬁﬁaE}{ EI‘PFIg%% et(ﬁE %)[gé&ltlg %9(?06 S
detects error crea es or nodifies inventory daaas eseribed Wi th
Fig. 1%hedk@ MQ}heFa ®ewkoros hayisccanepaied dioffethic Krfor detaution Mdaages invsedpt ROP.

error detection systeminterfacing with an inventor cking_system for
detéct | eé?fﬂ Saflier it Figeh il @H@rrlaetﬁ?twgl Madulpalec %@i‘égﬁ%ﬁeﬂﬂ'&{ gl qefiets

I nvent Qfpgd Ktbﬁ%@(y Salnﬁmtheﬂb% 25%66' fﬁ\éﬁﬁ%oﬁtyl sf O8ne3R4RIRET (L),
system | ncI udes he caner as a sep rate wred and/or wreless
comuniccat idetecidd 242 1hOR8TRE PﬂTEﬂidSZﬂ L't Odb7B Eﬁnﬂnetszoks 116@&2 be¢rhdctiented.e For

process ul e 1404, d the error det ect on nodul e

T )
communic é%HqP]Sn STRETR 1 86D 16 BT FPoolReRrEbI NS Zo R 95@ t! } Hean

I mage RHGE QIS LG dRELEAAOE if 86 chbARSTHEkLI d&edté&aqlﬁf%teg%’l@r ﬁ{eeElrr&yDEﬂé@tlon
caneras to the image processing nodul e 1404; therefore, the i mage

pr 80 es Medyplersparte the4owr by @gtmmngrtbéd/am@blc é@ihﬁé thﬂheanuyrm@éss crehicd dgﬂa recardire
Appli cation/. abas | nt erface
caner oI aBd Tl GaT By e LRt oSS bt edtunt S aE e s om

i nt er f @aiangcwived il Reepl FORVBICH it rtBE khing @ﬁ/&ieemorwm aly oyt he pecal @iteqet)i n
sonme applications e processing involved in the |nag groce55|ng nodul e
1404 ardergireepy Sﬁafﬂ@#ltgcfthiedﬁ‘h’rﬁ)@ﬁi‘lhé vapgble ¢.gi. eimoardetestedndagr theteidicates e i n

andor Pt 3L RS TEARERoRRLRNE RS PRl gt ol TR by RAHLE0

di a§r anemirted byitihwBrrooDytetticnciiodgic802. managenent system w th
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automatic inventory error detection and inventory error correction
conponents included accordi ng to enbodi nents of the present invention. In
addi ti on wo zbhelzsnﬁponent sina typi cal inventory trackipag/isaaiomersagenent

system eﬁ[ﬁhomﬂtﬁ% elw 91@9 rﬁ Ig/olf_’{gat the Qﬁé? ecﬁowgo%l ? ejng glgcgwtapgl%or the

exanln e vali I nve a an ects errors in

t he | nwext plfoyes-ﬁngcdylcl‘egtoﬂ&tstaﬁaﬁ%tépl41802 teeclsys tagmnf whéther a ma@I aitte®) das bedror
Correction NMbdule 1702 that recejves the error, detection results fromthe
Error D8] Bihaue daneeroy 2enmigd dbs r Be dgror lstessipn Mednledstents an exgerdi the eger t he

Er ror Igg&gow N Blifhuty RPsth kol as Bld ettty WhILARRBR Lok e

18 to oug nanua intervention is ecessary I'n the error
cor6ecuhnﬁnﬂﬂEp&mUem$Amhm£3&2r@sd&hﬁbatbhﬁnrMbﬁqbélQﬂﬁ@rdawmmthMMﬁmemators

to manu rve in t error carrgct.i Jprocess if the ope ators so
st roropl iR ordcd FnGeruey T i g o s i O HE ErRb:
COfreC%bQ@n@ﬁ@Q@&@ﬂﬁ%@&@k@QmﬁMfEaeaﬁiﬁég geprrection Mdule 1702. In|t|aIIy
in Fig. 18, the error correction process checks whether a new error has

been r é1bb1r4ﬂ ed Sulsaquendy Bnrstep D8B4G dhé srroMedubaioBOproress steegymitB@ Bcazh oaeria
descri b d ear) i.er w ig. 6 he Error,.Petecti hecks dat a
Cont Tl ot it s Latt B b e, 10 ESh bR Rt NI o TSP e GEEs R e
at 1heasgtca@ideduéas it @adies G the 86timdtichedrechRehet ba@lionsndb@aihagbhginheing efic not
data conflicts/errors have been detected. For exanple, the process in step

606 s erpgmaoeeéﬂ@éwn@larg eiRmend); ghereferg; dic sach crigmartypigallyt @valve comtaingr ek
has b e ﬁsemgl}&bﬁgﬂ Qoﬂtém&o eﬁrléﬁartloﬁgﬁssgg g&d%%heﬁl%%gfor Id?tﬁ&‘ioqpre?l}i% F&he
e e error by outputting

Error ctlon € repor I's vari ab

t oget hes;amplbhlfamey eﬂ@t\l\ﬂqtednl’oﬁaéﬂﬂis diaina tHeelosrddetb &tion’ Mowils i 30D éficldni abmteihsy

any correc ed d ta records for "ghost" containers wel | as the new data
r ecei védVipiplestodpe pentopnleacking Priabesguldé acsfcoméleé'cﬁlﬁoqaﬂora&%%rrér Bay24peen

ct f Y/ r
detlgct ;ﬁgc)tfl?r ﬁhg@hgt%%faggygﬁéggbt ROV ldiay gtgae&ﬁ c&%{ %Pééh loatfhns: Ro&O!

etection o errors, error correction
procesd ld:alaa§dé4 ot AT whé), I(lléowdﬂj{ Bay &4, SiatsC bﬁe1n4)35Rm\midii,tlé@ 2134 SidteB, EFimor

o o1 ForFEp kot 2 STRHE Brt & O T Firg prist 844 Sdacmaiovil HS BRge T ne

next prooGeassTRY 3§mé&nhfhgr&§&%ra§ccmﬁc>§ be HlelﬁQ?tlotn(iathé}%&Jﬁl agaistur¥h ‘éﬁ{éﬁﬁ Ray1€W
error(s) has been reporteéd. ther€ is an error reported (i.e., the Error

Det ect icgpandod wloetad@t ecl b)catmorath@ira)re furiier ewpprsuclps Eavw dml ﬁiayc%% §1Qid3}tTlﬁlueS

te 4 t.0 e_correspon er.r,or,.de ts fro

£ 78r B Bogudiforkb tieh So58h ER BR8P eV e hiflEp et el Tt Skl b
er ror dedrelechi@fiar@epbhy inRehvedeniaw el Neaitiods dak ard 66 Ah¢lSarh®ficr b icStdl e
containers, data records for "ghost" containers, as wll as the new data

recei vé@patlﬁnsslglébe gmor detection results.

[0115] In step 1808, the error correction process queries the Inventory Tracking Database
114 using the search criteria determined in step 1806 and then determines error candidates from
25  the query results. In one embodiment, the error candidates include only previously-detected
errors or erroncous data records, and the purpose of step 1808 is to find whether there are any
“invisible” or “ghost” containers at the container cell locations specified in the search criteria
(c.g., by examining the container attributes [e.g, “Type of Container” field] in the query results).
If the Error Detection Module 302 creates tables in the Inventory Tracking Database 114 and
30 records the erroncous data records in the tables upon the detection of data errors (e.g., in step 612
of Fig. 6), the query can be conducted on these tables to find whether there are (previously
detected) erroneous data records at those container cell locations specified in the search criteria.
An example of this embodiment will be described later with Fig. 19. In another embodiment, the
error candidates also include regular data records and an example will be described together with

35  Fig. 20 to Fig. 23.
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[ 0114] Subsequently in step 1806, the error correction process determ nes
search criteria which will be used in the search for error candidates in
step 1808voTRypiwsizky the errors are 10 created due to i RETASEEOIERT0 N the
esti rrat of inear : I0QRS, (.S t .

The. natbfible SARCAINAL RARR F0°REPTF LhESiabhriRit FRimth hASHBOR: B Of
cont ai Regldcahy drde adandidstcs. Ul Aol rdion Geab Bidaee nirai foexd, Ctﬁblerfo@&&irte@ﬁ@l process
associated with the error detection results.. For exa if the error
det ect COPIFUSE (P tSEDF &2 OhSXCENIE Gy COERCcHeR |e€5ﬁeHVBHLHr@CQ§®glp t|kh1:5| tase the omeationer

i nvi si theptlgnbmetglgéﬁrt\tnogxxgt{ Igrte a%hﬁlﬁ‘&l@at 4th§ttth&9>£1$e iBels &€ It% nd eﬁt@{];on

(Row 111 Ti e e sear cri ter| can I ncl ude
diréct Icyndadlz;taz: énn‘stepdﬁﬂ!anhue rex capition Iﬂagatm drea:be(ddded tblthe dBaye@tds Slraspanding er
4), (Row Ba ot C, .Tier 4 Row 111, Bay 2 S| ot

(Row111° ﬂeaéetﬁee tertﬁféw%) an (é%mértectleaﬁoeﬁ §%fﬁescreaﬁ%t0 Ascoriﬁfef?

( Row 1httect%axén%flanoﬁh@texé’eptﬂ;h@ra 3The IRPROEI TYclORg mab@%mam @En bOGpdated
p05|t|on|ng gftent the search criteria my expan to contai ner cel
ing

| ocat i @nepr &r sonfiqpthbreembadampents,u€ i 1a,d,et(em~vwdtmt ncBalyorzzand@at@s ag, foTném 20
hei ght sensors are used to

o s ShELE R erigE B et el Ao ity B s o8 g R SEEY eBELH o

thap areg; OBytiMEluTRFE corit@iher@Sell NBcARNE LABSE! ARG frdintihe &nkffierded|P¢ddaibns
results. [0115]1n step 1808, the error correction process queries the

| nvent 6PYCSPoadRENg thatdsinsied artar, @ail g sondueeanogier seaichrin asterot 89% Fead cirer

tep 1
Th e COAR AR il PO 6L A P AR R BT ubgAT) B IRGEIRE Ut BRI b
errors (by a gi¢-deeaniacd abadifier bagl seenaﬁﬂt (eh@ puha@ﬁ@ldot‘or slicegrald@OBinps hto bf:d:tfld

whet her there are any "invisible" or "ghost" containers at t he cont aj ner

cel | | 6eDPONK YpdRintareass o HEor SRHPEIPNANPES? Fantiaicy o stey | Ehlatfidrn e tater
Co%a' R&Le, ?r#eterri]opl&)ﬁéct{oﬁ rSecss Eﬁéﬁ%of?t‘i %&%ﬁ‘@gzo fol &'e&llt H% éo?r%c &xteption
results) e Error tectlon I\/b 302 creates ta les in e Inventory
Tr acki rpgodaaﬁtabhsmbbﬂi@adnd 30 records the erroneous data recor ds in the

t abl es Q7nth %tectlon of data errors in ste 612 of Fi%. 6?1, t he
boory AP BRSO R SrBpisccios Einflitts dud o Shae o rotess then
(previ Qustintcd ate sRY) 100N BNRGH I8 HRTA Y LEAE @§clﬁ5rr(t)thé)§ﬁlcfé%‘ﬁl?d N8 poSEbility of

| ocations specified in the search criteria. An exanple of this enbodi'nment

wi || béecagsibeimaidh [thateranvitet hselitg. corgct the Wﬁme@m@doﬁmnﬁ he temaluatignoean
Cagglr Idgrté\g) aéél?lﬁl%t?f%g?wn%@%tca?cog@w% Jnqex SOR orrge?;tc §laz* #0P Ieach erronebo%s data
2011/ 028626 RChc L5k HelcBdoBrilulls) ﬂ@&r@t%ﬁ@m IbrY)césB c6in®Bted Blconfiden Rl ih&Ex

correction process exani nes whet her the query %I el ds any error candi dates.

1 f no &f il creeinerindisdhates thatecofisenad to e datp gecaid ﬁeétqrbﬂle;m@ﬁé@@edarﬂl ol to
step 1gaf) 1%90r8>i€s8h*t Fe2ofiREdREILRT oFﬁfeeéHdroc’An&tHthf Atﬁhcte*lt ﬁ%sﬁtg}

correction exception process sets an exceptlon o a va ue |
t hat t hiec éa;taeectdrd)mo tl& chreaiher getl lecation & t!ham:dlodaﬁlﬁﬁdatd: Janglt thp didade frdm She

exception flag can then be added to the data records correspondi ng to t he
detéct #QSIEPR oqgf thy pEeThseRdidats thWee?Q%%ln%foP$IEé??a8ﬁnl ofg the dafaciqone Tay e ed

to rec%ﬁ%o&fﬂ?en@'%@%ﬁﬁd 5% d&ﬁﬁla%ews@k'&@otj;%gmd];&e xlaygnt ory di TiRfki ng

Dat abase 114 wl |l then e up accordingly. I'n sone other’e ment s,
if it |®nﬂetretnma}aemm Qentf/inC..e4 rsotrheaamﬂddu:belsvdrcef metﬁmbrlqanéltiap ah@1he dakee

error correction. ack to.step 1806 t and t he, sear ch

o e PR pSa B OGT AR (TR B RER feah Ry Bk 17 Sl B BRRG bs S8 M g om
the conrfigdmeey neahbnédoya%ort%r%@ﬁ%epqmmgltxout) h@heRtigchkare QAlskAte fRIM RO
conduct anot her search in step 18 The error correctlon process my

i t éPat @obEpvet hegtagprecardoe thaocen8t ©f tirvt ¢antaingr cell denatiomatithdatrios canrdeddte d?a@ls or

(b) a det ersmn d|t| has be f t hreshol d

Sohr oh TSGERFLAbBat: SRR e R AR BTl ehuar of plelloBRIBY Yol PealifFs

pr ocesshe @4th irfdoes, dnd IS P plBdaterdiiled ﬂurhm fbﬁhbl@fﬁahzatlon purposes. For example, L
can be defined as the square of one container width. Thus, the shorter those two distances are, the

higher the weighting factor k is and the higher the confidence index is.

33



15 <case, the error correction process then continues to step 1820 to
execute the correction exception process as described earlier. [0117]1f the
guery reswbte1/m8mae or nore error candi dates, the erroPCTArSR@ONITIN pr ocess
then c ues P 0 814 e r date
and i ¢ OHSTer oovhEPeBh B’ 1A ThF By i oY o 1 S eflht f e

curr entcbi;(rpd&ti&fdnﬁder&fel’mdexe-ﬂtff ﬁs/abrm&tpb@dhng adtroz GCahdidaley are oofped wind) tiee error
confidence/conflict index for each candi date. For each erroneous dat

recor d PRAifae(sh £PBFsPARYIBE P dhe h@a&tt@nﬁéﬁeeémier (¥dns ere(let Cﬁpﬂeéé%dex) is
conput n r t

t he da’? gleétgggg fL))ase %At?ﬂg&cglfraﬁ ngr{gée& e{/fgﬁp% gﬁ]fgﬁ%tgtg % rreg@gié i tsgﬂ’r £

t he5conticdgnr sty die mfmlidiof ermooramiadatisdhiteyicltl hige blightsaroefidanoenitder 1spms»ret ion
of the data record to the contalner %4 | ocati.on of he error candldate

and t hdl4 Q0% ARWtipleoPRteHil FRAERSS; 4rF JRURSt fRrhence 3ty reeaif findathe qrpr(qeerection
cont ai RefcecEbdnnbPaAke %nd&fsrérhé‘vhf&ﬁt&rerm&% pdtBntRN enLEHRI Lo IRINGo thTehrﬁatch for
confidence index is calculated as k x Conf error candi date X COnf dat a

r ecor d crpheprecaBonf by thosy casartbié dapecaragtiGo pfapest mearde thradmptsh tah endegafiidethoe

| evel errpr_can he data. record r.espe I in the error
vt oot Nisa O SERE B Btk Rt ST U RHTE 183 E Ko Tab s 4R oo
nmendi orefealRVicedtivh R¥IPk&s the excbptiohlilag &2 valvb @t{cﬁcallhgltﬁattd%ﬂtlﬁll Sfoddieial
fromthe 30 position of the data record to the center of the container cel
| ocat i aRatelics e beandpurdaridicaos correetios progessithsn @mf@eql&f@rﬁtqphb?%?ﬁd@ iupegn thst

t he err.or n of the
data r ec On%ﬁlg %%E§Iré§‘g tﬂ% % gor?'lqﬁ] damﬁl}ﬁggéaq or nor ma %ngﬁt[% pur poses.
For exdopio, LRé:fafrnigebadBftd) @teﬁ 18%6,tihenlsgua petedtialonstck dnfoand €sr sackibhtheTdaus,

t he shorter those t wo dlstances are, the higher the weig htlng factor k is
and t héc®rghiy thengmerodgisdionciesylisadie prgor m%r&/mmeem%s o PO LT b9

[0338] %%Qﬁﬁﬂl%ef)ﬁet}{eﬂ ﬂ‘ Séo‘ir‘r%s%rﬁﬂdér %?eﬁ%ﬁqgﬂ RGOS Eftnt B SELRY is high
detection resu , the conpute I dence I n exes of Its correspondin
error caouihdgatpesllarby ®orpredg andith hereedetctminmﬁhrﬂhbkd( H)focmyr afstho ﬂdﬂaﬂngTdE t he
hi ghest. conflde ce I ndex %or th snall t co fllct ndex d as a

pot ent BT EHFEHOf HEIatha HEhest onfinecsmaghys Hill foteh b eRoRE S he

error Qhéﬂleih%cﬂrb-@@tehﬁﬁiéhttﬁresﬁ@@) riHédé%r QBrr@crtfoﬁrprG@é%g'g@@ﬁ & sfeBaItSZY)' @l gt e

hi ghest confidence index is nore than one, i pl e potential matches are

f ound feaecptine fdgtta ar‘@h@rlddla@mlg tthet félr: rpeten@@irmetch idoes lmtqmeeée & anfiotenfipibecha
? S|on |ch on g @% es_coul etthqrggtch np rror

ect? GHF% IP%‘? 8“°‘E sRTEs 1°8r pr°8?%5e eno?%"%f‘re&“: SR g4 ffad

undet ercRoNeshsi aatstre@orwl@rtnn@hepérwép@@lﬁ flag bhe BOupREs ithe @¥Fepdrt@iioRr mgess

in step 1820. Accordingly, the 10 correction exception process sets the

except iAdiernatiglys Berips CoEeGting PERCH Y BaDagh fotstqp &Oéd@ émqnéﬁhrrmatqh@t%we

been f The: reec c

update%yﬂgu%ﬁﬁbwggag{fg éﬁﬁég%gﬂ?qﬁﬁ’ﬁﬁ%ﬁéggg%gﬁgﬁgggﬁF&g’ o upébte t he

error eofre@ini ereptag. prptdst IThRefrer corregtib@pkoctes sineppdds o rterfatronn luyitilogag the

potential matc s found for. each of the data records in the error

detect indgheptesentidsnce ulex is Jgh snpugh 05 {bhrorEsstapHicIneRiditan & Bist 1888 & o
15 det %r%ygﬁd M}%@ﬁeraréhhen s8RPP P%'CH&R PR $dnfeP eéged&re%?ror ReELHHR Hr&ERE
data record 1s hig enoug typi call y conparing It with a pre-d gternlned
t hr eshebutinuef té step dR92 afid uth‘éledamta cass thadsromedrivetiar pmlcessehem:d:mmmucsewwtetps

t he hi confidence i dex is.still not  hi h (i.e., larger than
the pr g%@% BPIFHE ghet “rﬂf@g O E5CePHHLPIGPEss A3 Q?ﬁcggf&f é]fpr ocess goes to step
1820 t (eroﬁﬁi] t hg 8X 4Rk O bl dRBed Mdaxdsador @1l d¥ding afatnbcbRBLin 1thE cROE ABfet@dn

mat ch does not provide a sufficiently high 20 confidence index. The error

copp ectfiiS@HS preovélgenthehighy tlj@ getintiplomsich rf011®2h of theugpdarasordsds drangrgaded aat a

record t exceptio and he error.correction laq

A tor i Dl o T ERRbh e p2E ARk [P sHBERIRD Sy Bk fREPER B Sy
expand cbhectmqm&s@ tHeh@bh@mando Steprs2ar péredrat the Acfub DEBrEkcaen w@r&rgmg shép
1818 |nstead of going directly to stgf 1820 for the correction exceptjon

proces#®!f thndatgyiegords s rtbe chpRltproteaed caAr Mefetic date reqost &F |1'E§nCQHWtSP(Pnd€%%

t he 25 t i h I r

condi t MRl a7 F YHSoFREE hfBfed ofMel bty L 0beds Mol SRR el o)

| n36 he récrdethatdasdye tineistie oor igbmst’eodntmﬂerpbme@&r@rmahdrdues thaemeepadl&%r and
in the latter case, the error correction process then continues to step
1820 to execute the correction exceptigg process as described earlier.



[0120] 1 f the highest confidence indexes for all of the data records in the
error detection 30 results are sufficiently high, the potential match for
each of twedatesmecords is then regarded as the natch @®CTiuseo0nu13e¢6pondi ng
data r rd..f rpect t. rrentl y-.get « error.

cor rect gty Shaf hf T8 i Be R B G B S5 e E il P TR Eofiger and
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container and the correction involves rgi an 'invisihle" containe ith
SO po o o e POl e I by QR ei e B aLiset parnd Sonfiart Baeal ol
recor d 3byRPY bidatBe and MdatdblR’ c&picatdatva@ng bhaRe ARANGE TohiGeneONhadner

information and the container cell location in the duplicate data record to
5 t hoseletsfmingd in grepsi&14c dhe anateficd Tipdiceter data eevord deh discpmes tsscorgetel afata
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recor d T8 ilfcUE ST FYTEIORINRETS BYNT PR O HERTEOGF QrregiRgine to” the
conpai nafvisible” eafiaher dndeheaiokdebiRinee¥LbbsbRtd dxbRedli ghest confi dence

i ndex determned in step 1814. The nodified duplicate data record then
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corrected data record; the error correction process also records the
successSFOr hasdierepiresied n both the error detection Iog and the error
COnEect | OQR; liept h
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of t he cerrcaioncooe@stin dig. d8oeeks. Fig. F4y.shd8s weoksincFidgp-dfApshovs aatime tl.
cont ai ner. drop-off. operation, at.ti i. Before tine.ti, the |Inventor
Tracki 5 (DGt HbaCe o CVFRIEY dE iR HEORARS Gofrdl HEranadhat ASTaiE AL Bcupy
Tier 13h@ AR &dcufy er Raw i3 oBRYWAA 1 §£F2994,A3161€§Hé‘sﬁkbt‘i’\%hyatﬁﬂébn@ﬁﬂér@m,elé.i Bl ,
B2, and B3 occupy Tier 1 to Tier 3 of Row 111, Bay 24, Slot B respectively.
For desodiBt ooeup0Tisurlptesdtsr I hé Roabdll$, Bax R4aslotl Barspeageay .t Borddeseriptian

bo t he _cont ai ner such ,as in ntai ner Al ..and the contai ney. cell

Poel | B8R, Me8tds s RS AToart R ARG vl e AdnchiaSrsr Rh 35 PGl )t om
det ect sind it corbicricBiE locAdotasichesih bcaneed 10At tilne tLasatnvent 024‘[1‘&&@% sktkm Bay
24, Slot A Tier 4), right on top of Container A3. If the HE (Handlin

Equi pmsktepsithatdpantdiperniyd his basnatrernediadf to Loration o (Reve hi ks RayakipiSiot A pler
t . . . . i 7
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si nce tdetidn aptiaf txdmyslat tho rripk de@t ticnprddyssitBemn@desi throtiphl tlad coranpondingvsspsnot
occupi ed before the drop off aqperation. Accordingl ){1 the error correctifon
pr dé es $heR &t Rign8sFighdrnd §isrllandiisierpinss that perareg hahougisd sige thedrop-of

i mredi : i ts i rih F i ntly
e o phin B o LML hof A mld0fe BEH DAORARRLAACEKALR, (e M b REAE

a cont dAagerdidglprth¢ ccart ¢Govrecsn priowss HetermBay tiad no Strot hd8, ben eapodpd asstsh 089 i n
Fig. 19B. How&v%ti tFﬁ erah:}r et ectti on ?roce S identifies that there is no
cont ai ABY TPMSTIAETY SrIHR WV B S Py ARTAG ¥t -abase 114 that coul d have
been pijgisy UPS@sckiRefY aPAMBA ithe BhveRoBPPra@kinkiSysteR deRIRCHBal A8 HE FitRed up
contai ners (Bl, B2, and B3) occupying all the container cell |ocations

beRBat # cohwisi dleaploetian Bdr{Rovhkl le Bep 24 ddpeBi Tigh4 pasobews i dentl PBi Bewetrit
the pickup |location is the enpty.location in 35st 904... Accordin .t he
error ot Bt SR sy sl ARl Rt TG D il
2011/ OZ5t2RRCT1 4520 0104439 Been picked up at Location B4 in step 902 of Fig. 9. Since there

are containers (B1, B2, and B3) occupying all the container cell locations beneath the pickup
location, the error detection process identifies that the pickup location is the empty location in

35  step 904. Accordingly, the error detection process creates a container Inv._B4 at Location B4,
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assigns the container an attribute (e.g., "invisible" container) to
indicate that it was invisible to the | nventory Tracki ng Dat abase 114
before (ewg.201esmetting the "Type of Container” field POT/USaMOBUIE

cont ai : ca h ti step
06, [ 0o EatnAREr i 2Bt (R MG, il ¥ iR G B R BRI O 2
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as an "invisible" cqntainer, that is, the confidence |evel that Container
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not ha jcor pan g t el e e 19 IS
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bei 0 and fid I b Ih
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[ 0185] bSItAE GordicaEd 6f thlégfvs%ﬁrdafae RAEIneGvely,NBe GAICAIatiIE® bt GirthHeR ifdoRRRS the
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resul t sonfigrnep levisl phihe pigkw PYF@F gl &onténcsdoy Bt rle dhisFxample. iteis samatiotithg

t hat f I »h 0 e
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| ocations surroundi ng Location B4, 20 the container cell |ocation
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this exa Ie Si it.is.,assuned that there are.no,containers.in th
adj acentedqdotade gfﬁardb%wm& At Cplsingh Bt oA “Tepie o Formiger e the oy ata
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f ound am:tclt hleteea p@n b@@tmeum:d)t@ ipelodeihs confatnichcallot timms sme@mﬂarglqcetl@t B,
r Progess 1820 t he exc S _marks an

exedpt (st Iodadt BSFRe0 nd B hibe gy RS b RhRFoTme T 1S T
st ep 13341 I)thﬁteeMaﬁUh ﬁteﬁt@@tFSOS] IPRO ERFSpradidasly hddntiee @plonesus! dAg ré@rdNe. dat a
record corresponding to the "invisible" 30 container B4, and/or record the
det ect éeFosdy @@thanmtsmée exeEpEBnatd Aghess” sAnteiesy iBotheceantaper eyl floqagonsand

then u e 9 T kij ceo
[ 0126] S, BE ey e athikert Sl RS BRARAC HAREROS Ul that there are o
Cont ai rentaidrsain the lmigeeﬁnt siotsAdditags;) thiatis,eén St ekad Sipt BAgaay, 24t dre oecupded

detection process conmpares this pick operation with the existing data
recdr ddn KeW hEl 1HH0NE FIORsoRe ptige Hél@é‘éf‘e{’ﬁeﬂ Iecictneths spHOWAGRE Caypinery
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t hat Cont al ner A4 is WO 2011/028726PCT/ US2010/ 047370 occupyl ng Location A4
on topswh 1816 tpisthoulB20doatlicorceptomaproorss AB) stert h¥2lethe axceigtoagiroanss pradcess

determ nes th | ck | ocation oca 3). sh .have an

e oSSTaIa P ToRCF b Gk CAMERAI Gohiey HOVRAn i Sp TATRaFTHG an
error RREcAGF Prdces: addl rthﬁsé%‘é@ﬁidﬁgﬂé’g k1Rt @R 9dcdrd 89 PR Q@tﬂ‘i‘&tin‘?{%lble”
process identifies there is only one occupied contai ner ce% | ocati on
5(B0e. contemar Bdnapdyr rwaondope geterted pioe ko theoewepim ﬂtg)matm omoAg)recton lagn
step 9 err tectiaon ces di fi ata record
corres:)fg cima?h %%tﬁglg ﬁé’?ntﬂ@"](grac e {”% afnﬁlaﬁaor hn§ Xal ue of the 'Type of
cont ai nere|fi et;to;tasb@en@p @s timeaB] fk rlﬁten)or_ty Q"rhdkﬁli§8§@erh liateccanital digdin A BXf St S
only in the Inventory Tracking Database 114 (j.e., a ghost in the Inventory
Tr acki Agctiiananadsy Just beoy pisked upnAgpiapthg aror (dgteckipn Procat CBrNH thisoriky

cal cul

o SoSRbRS AL LAGTEA Pl e 1 GROL IS B 11808 gy o iy
eqabvalétefifantd®. If dtefON0,(sArkk the InherteryDméKiAg Datadbatchid 4dnditatdethaeCoewiabr Al ad
Container AA is |located at Location A4. Conf(A4) was determned at tine ti
based on the confidence | evel of the position data fromthe positioning
systemas well as the confidence |evel 30f the drop-off operation of

Cont ai ner A4 as shown in Fig. 19A. In another enbodi ment, the determ nation
of 15 Conf(Ghost A4) further i ncor porat es the confi dence of the p| ckup
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20Conf (A4 is NOT ghost) = (Conf(A4) x (1 - Confpickv(A3)), Therefore,
Conf (ghost A4) =1 - Conf(A4 is NOT ghost) =1 - Conf(A4) x (1 -
Conf pi ckwyB2piIo2126t hi s exanple, it is assunmed that ConPCEUS3M10A47)370i s 70%

Th t
or v cc RS TGEReOn PLOEERD A DRGSR ERARod R3) TS Bhor Sul i Ty
t he er rdeferaiics eledtithd pukap dsctioanlotatd ABphdil®palddbeent s $rtaeaesii$(b41dc®tlon

recei ve the error detection results, which in this case include the nemAy

cr eat edVitherh Coaiaiien Adhbring dnavid dirsto indigatisg apserias hgs ogewead: Cogisprangaighatn
Local | QAo ) BoPRerk B pbbEsFARAR fickd RIdnf; 6RO pRELERAINELel] Rchil ude
the container cell locations Surroun i ng Locat’i on one enbodi nent

t he5godi.c.poLotdt®mnsad)y oh top Etthp plEOP losatiom ﬂtomalthmr ABi),oarsl yn stepi dn tthd Bﬁdr
erroneous data r records with "invisible" t ai.ners and

ecord
" ghost" det?smlapm?%s)chﬁﬁé%%gé HUSTHGFOREINPIIBE 10 (ORGINGD &% (Fited™; ShapHaE dear ch
Criteriv@e e ﬁfﬁétcﬁf'ceﬁtralﬂef'vﬁgﬂ tYBEhI8 (BBl S0 MUicatdWMaPCBhBIncE ABLAIRLT
at tinme t2 (which'is earlier than tine t3), the search will yield one error
candi danly mttbwrwgnttoneTfaplmg Hatdbaese tldn{-ais hghostmlvtlﬁzlnmnm@&a@qkmg B4tabgse29] I n

step 1 t he nf| ex for the error ca t.ai ner In )
can be GBI cufbel S8 S MEotire ol BB FARAR for) SHHRIET 1 Chehe
weilght iqu@tdinkrcid R ‘@asaT b&ﬁﬁllnMDIIZQﬂelérﬁ&&ﬂ&alﬁcﬁﬁweﬁ%@ﬁMz&d Ocea{GrBE A h
Fig. 18. This exanple assunes that k is calculated to be 1.5, therefore,

the conf paeelent Wddk-Gog/(143), wigoodenfiode 45 gmsorioene) KvelcthabRloptagise At ivor

di d
Conl Gy Ll AL (ORI ATFRRIA IR RN AN RN L LR,
t he er pokitibn clatd €ohi e Posicesiag pyseaeds wal at ehe J:81116deamd leved roft te 1&b§ offThi s
exanpl e assunes that the hlqpest confidence index is higher than th

pr e- defPHEHOR Rf SORBINST (¢ ¢ Shogmg Fign Bl ngmothsy P@é?iilawnb rtBe é%@“t“ﬁéfhon of
contin ) KdRr E@iﬁ' or
co??ecgﬁéntg?%%ggs crea?@?ﬁgﬂgggﬁﬁ% ggédﬁihg 1d£@d§kgﬁpé§§%%n?%§et >

pi ckup pdiGEs0A4DE f@nﬂa’t@e@oﬂfﬁ&up%)at Fori mntpzc stige divafiagti that (t?tbtﬁamemAaumer

i nformation _and, the. contai cel | ocatLon the 10 i cate ta record
Lo thatobt e arsireaimtt e dir-olSCRRURn a5 Conbitad ol geetem Al rgs! 6
i1l ust rakaddi® thé gick %ngé’i’@ﬂl&ho in&t A8 'af@oéa%oﬁ he rﬁhﬁlﬂégvﬁﬁ%gﬁé t&Tidence

actually occurred to ntai ner A4 at Location A4 instead of ntai ner 1|nv
B4 at L@@ét@@ﬂMSM@Tnﬂeﬂsf)tmbmiwlaé@i@upl i cate data record becomes the

cetbally occur bt s SCHRE shRd) R A DB e RNE e ror oorrect i an

procesghREhel5 marks both the erroneous data records corresponding to the
pi ckup of Cont ai ner Inv B4 and the Container Ghost A4 as obsolete. In step

1824, the derigbestaath™ ﬂeé@WﬁAéﬁﬂAKH%ﬁﬁﬁﬁftle@bﬂ@ﬁé)¥ébo@@@%aw@*@bdated to
the | b The

rodi 11 o8 HosRbEe R Ps LR chifend Bt B, G B B0k il TEA
time tZunmﬂdqﬂhetM@ﬁhﬁnedkﬂ%h&(h&&mndshaﬂmkhheﬁmbﬁdlete erroneous data

records show ng. that bot C%ntainer , ,
25  10128] ince an error has been reported, the error correction process continues from step

1802 to step 1804 to receive the error detection results, which in this case include the newly
created data record showing that container A4 is a “ghost” container at Location A4. In step
1806, the search criteria can be determined to include the container cell locations surrounding
Location A4. In one embodiment, the goal of the search in step 1808 is to find previously-
30 identified erroncous data records (e.g., records with “invisible” containers and “ghost”
containers) in the container cell locations specified in the search criteria. Since Container Inv_B4
was detected as an “invisible” container at time t2 (which is earlier than time t3), the search will
yield one error candidate showing the “invisible” container Inv_B4 at Location B4.
[0129] In step 1812, the confidence index for the error candidate (Container Inv_B4) can be
35  calculated as: £ x Conf(Inv_B4) x Conf(Ghost A4), where k is the weighting function described
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20 Ghost A4 and Container Inv B4 are obsolete. Thus, the data record
corresponding to the drop off of Container A4 at ti and the data record
corr esporipregitast2he pi ckup of Contai ner A3 at t3 remai RCUfuSk@0ye;70 t hat
is, th $ Ve d u ror ipn.th nvent. or riacki 4.
[o1a1] B g Rkt ThR bR D o alhal R R b Ytk bE PhRRRSS, e
cor r ectcoafidgace ariss i£X & &W0CHx bgod-he4®%rror Correction Mdule 1702. The
enbodi nent _of Fig. 20 builds upon the 25 enbodi nent described with

ref eren®BW o FPigCe ey \pre cEOf sridicateos foundaityeqressponding ernfiggnge index computed
Previ o4z pdplieck e Bl B heOhighld QBRRUSEFhdbx FCALS81ZNRAHRAM b
Fig. 20 esxetpeﬁédls %sﬁtgeaeeﬁdr o% ceanl(%?%fa%gs #%Cgl Sgexl nc%glgegnevxﬁgfl co g ct edeaﬁrd
r egbil arcodatteonr pooesdsproceeds ,to diextpal$ lec andd shenhtmt 181kE. nidtis eparhple mssumes that the

previ oysly-detected .errors, .as _opposed t err ous_ data records of
Pl i <Pt Gt andercs Mt RBTEe Fie-didiard Rumnofh e ahbbif it carggion
i nvol vesoRsyMkR MRS RERSH Y 82 BRLXARARE 1D B QGRASIAScYe 12, tRDIRAA] doRictticd | Y
in Fig. 20, the error correction process checks whether a new error(s) has

been r epecsedrehicora néve rEpdifed Depleetd dataMsderdefo8ale iprekep eperoion. of] €onthiwere i s

no new.err S er,ror. correcti.on process en and, wai ts,,f.or the next
0 et I8t (e ) o REnE B S55H85 BERRRNSH And Bt it R SR G B2
report eidphvatd lAgtaBlcted foethet bf @aniathil GhaR0 A4 LhE 1Rk AA! F&PERRIPIMEE S
35reads the error detection results fromthe Error Detection Mdule 302. As

descri bbeptrated| ineFig. nl ARD vehogh sboey 26 PO 15209 aridarp3Tieeratianp aguly oreureads iy
det ecticQflfig3ul s it L%%g&? ANEkYa G §8‘ﬁt§91ﬁ9 BUSY %QaiJnOM"ﬁéh‘é'F Sth@ ln?"drilﬁed
nodi fie a or ghos 1 as

cont ai ner's, [ a records —containers, as We € hew
dat a r elaplicueddats rédoed beddzneswhd chrrdceddia recril vehicleindtiategnhfthd prekey bpdrition-or
description purposes, the new data is also referred to as the first data

recor d 2t HAY ' 6Ye Iy ReHTHHL eivBra* BhbrCHione’ br B BRI Pricrié Rigogy then
MogsT! ahkYboth oG EbuDEIR ELAN MU0 I Fkflof ComtinsPRRNA4 AN

records. T% , € error correction process irst data record and
a set dfonsenwnchaat/sd reobsadgei n st 8200he cpOt@adForeccoxhamd ¢het modifjet alam a

first data,record and econd ta.record, given,the case show.in Fiqg.
Lot Reordy &F Saatial o naveiory e it DatBhsedl ot P AR Rt Moriets
and a seqpidh _Qﬁ’ﬁl%a{ee&ﬁé %d@?@ skdeiak Etﬁ'atWoﬂtEﬁﬁerEAﬂ%asDﬁiEEé‘& hﬁ rat MQ_RLUﬂz,e ah@ tiRhow

that an invisible 10 container, Container Inv B4, was at Location B4 prior
t o t he nmdikes dat@i rgeerds lvee dlas ebsohgorerione@isgdata ggordh ehdwingtthefabethr €emriger s

e o e a4t PlaBiy Y, bR pRER oy ARG GRS B BER | ©

that i Rl cCeRahhand Gont aidyde dAd reord cogbgphdingantiad 1|5:16Kup &ff C&iihed A8Tat 2

i nstead of Container A3 was picked up at tine t3 in Fig. 19C, there would
be two remesndchagad itbatay. dhey ssrvevalidovitheyt cser iaitheinvegornaTtaeking Dytbase114.
cont ai nd the,gt:her 1 tal " " i:ner

[0134] 113 chBodt i AR ol SRR boBlindhe o 1R iof BHRLBE process,

t hat t kecdutedsby diat Broe@idction dodutd&709eWhdadrabodeaentvedFign 26 thepld6Aadn cloul d
be wong itself. Thus, the error detected by the Error Detectian dul
i ndP cartBodmgnt tdessrebedy @ﬂtgorﬁifqr%qest% iFig 18 jhesndhs teéfﬁﬁfﬁn@)‘éﬁ%éﬂdt'\l%e onfy st

data recoroANdeltdes SRERNG dA ol €805 dReord® BRY GRESIMBE ff FR 20 tREn@E RS

correctl on process
error candidates to also include newly collected and regular data records (i.c., data records that

do not contain previously-detected errors, as opposed to the erroneous data records of “invisible”

or “ghost” containers). In addition, this embodiment also involves a more comprehensive
30  exception process as well.

[0132] Initially in Fig. 20, the error correction process checks whether a new error(s) has

been reported from the Error Detection Module 302 in step 2002. If there is no new error(s), the

error correction process ends and waits for the next process cycle to start with step 2002 again. If

a new error(s) has been reported by the Error Detection Module 302, the error correction process

35  reads the error detection results from the Error Detection Module 302. As described earlier in
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20 needs to first identify which one of the two (the first data record and
the set of second data records) is corrupted with the error and needs to be
correct edwo[2038372ar ni ng now to step 2006, the error coOPCEAS2@0/0PTOCESS
next s i h. 5 -
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and so on. For exanple, the search criteria co I'n e near
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ot i n RS SRR R PRy &Y B R R A, Sdus, & RhoRatd Aftn bl

t 0 1pWo ceainat, Eintsih&einv| B4,0Res anhadiisme sy, prtdaeo i giek®s. diiken ﬂeacrabé' s ai ner
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= f(positionfirst data, 10Cati Oncandzdate) 10For exanple, the weighting
factor k can be defined as: (dl1/2)/d2, where dl is the distance between the
cel | centwo 20fr/m2Bme6first data record (locationfirst dat a)jTarsdommmsc@I I

center B{ sihpOSI Oéxcg]gt%o%tﬁl%s ar% {g?e?’da %%%9@9&9% 8) Srl ({%909 tn f)gg) %tgé %)?f‘?ot he

bet weer{ 1 on ta record p
cel | cebiceminefertdr@atdidats bapdiodahe qﬁér?@@dullt@ Nigadidi diﬂicﬁl)mer{tpﬂlé%}ﬂar @andldatshows
an exanple to illustrate how the weighting factor can be cal cul ated, 15 The

fi gur e 2EheRiRMip fo5gach & Breotdie the, P@éf desentign mesulte dTirst. the st SHer eandidaiesn A,
Locat i QR. Ei? @rﬁq Jaﬁ&laaﬂe%fb(r Elrstt Iagtasr dta{rg 'Eiete ind§ lo%)sea% tﬁ@ ﬁ? @;ﬁlériyetgsults

position Cont al ner Igure) provid
posbti dhithg faytstiam retdrdi sidassy medird)maff bﬂmaﬂonr st rdfa\teanane(nvent itheifostt esoan

operati t Locatjion B based on position PB fr the |on| ng. system
o eheShifte BEReh Goopraee SOrR i fhuting el bstion® Lih Shime sk KR 5

i ts er Rt dancdddes heRelins @ecorrén ﬁlda’&dté@ed ﬁ@kwq)pfe?a%ﬁrthfe Pfrsttd®r @i Rdates
candi date, Location A, is (a 1/2)/a2 and e weighting factor for the error

candi danadydd eld axccericd, surreur(da@ zwtamer IC¢|11 tlh@a@Opré@,tI ﬂluecsaer)cattm es thehéirgpokia i on

hat *t RSV SRROls BT TR B et aF % tefSuffn s%H) B Rlertined Yo

weilght ise@nllatkDfechRY ist 3o ité® mﬁlaaﬁvlﬂaisﬂﬂe&e ¢cﬁ1tahﬁ’é’r§(ﬁ{at tif)ane TRy dhidkig
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Conffirst data in this exanple). [0141]Simlarly, the confidence |index of
an err dYoré%rfii}SdalPélS¥bé? SO wBeh A atndesde LERIAY 165 Ot (lpcationghyte ficofnventory
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rror candi 30a weighting factor si'm used in computing
the co rpbisidem detal Hvelecofid data esccromd 1&:wsd¢1wtad avifhoz “ghvst’f gonstinatdthat rse dwr bcorkor
exanp [2)/d2, where he d| tance fr the ent er. of

| e, d |
the er rdma reeqrdli SHaR arghtarer @k e 00&8&? i?flt B fiedaty rerod | te@&#at tﬁ%&fﬁﬂl}l@f
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to the cell center of i nvi si bl e' g host") container. Therefore,
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location specified in its data record. There are also cases where a second data record shares the
same container cell location with the first data record but the second data record shows a
container at the cell location while the first data record shows a different container at the cell
location. Their difference could be in their container ID and container properties such as length,
25  type, shape, and so on. For example, a second data record show a short container at Location A
but the first data record shows a long container at Location A. In such cases, the error candidates
for the second data record include occupied surrounding container cell locations whose
occupying containers shares the same container ID or container properties as those specified in
the first data record. In another simplified embodiment, the error candidates may only include
30  erroncous data records that include either “invisible” containers or “ghost” containers as
described with Fig. 18.
[0139] In step 2014, the error correction process computes a confidence index (or a conflict
index) for each error candidate based on pre-determined formulae to evaluate how likely the
candidate could be the source of the error reported from the Error Detection Module 302. As

35  described earlier in step 2012, the error candidates are determined for each data record in the
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the data record containing either an "invisible" or a "ghost" container),
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distance from the position of the error candidate to the cell center of the “invisible” (or “ghost™)
container. Therefore, the lower the confidence of the error candidate is and the closer the

35  position of the error candidate to the cell location of the corresponding second data record (e.g,
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whet her there are multiple first matches if the first data record needs to
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is also up ate e confidence I ndex. Wth t % anges

dupl i ca¢ detdiatiacd bg epohbinsngthw dohfdewe riedrxesl ofi &teapatmtmt dseodndt) lnmatcphes fasgd on
operati on. Subs(gnﬁntl the error, coLrectio ocess narks t he, origj nal

first @RECIPRUBE HhpseigpEgatd coptidengr ears Fper B oieceshtAFercs at

Locat i gpyeR) TAS (REIIORARMSd (Bled-coullybS RhédsiHE: the” FRUIRSPESHIRIChYE ide®! thel Bean
"error") and makes it obsolete (e.g., by changing the value in a "status"

f| eld fvrablm 0 uh¢ emediurp gof' éwmmé‘mienw fitdekere of the @ntentiblrésesend) hmatghiesi ae the

) n ot od| the erropr rrecti,on C ca di f the
71 2P asiRelhd Sho s B e The oGt oG SR B FR it 2 R ioh fof
dupl i cabefigata heeQs dthangtémiat MGecoh@®) Mat@ichal3)f Theter@t @riceEOt qar@ébwltﬂérﬁ
Regarding all the "invisible" containers in the second data records, the

error EeMpaEs ithenfiist ekl S@@mdef@tlﬁd@rr?@nvwem dsterning aetist thedisiedata Fecord
subm tt Ly i t

rogar doh gt PRI d-0fs AN MLl ALK T BT Id by Ryl
er ror c@hlrghert tl&r’ertﬁ’r&bﬂ@&lcﬁﬂlﬁﬁ@es corivdudes ttta]ple: fifst daxatradon®is inedrtact batd sholnblc k

"normal " with tPe-current inme as tre time s ag¥ alterpatively, the

er .26r O6r $EeCiedn Wi ok SQTesHANing LpntsTtiat &fikshle Matchy (theryisce thp STIOR £9§ES10mNd
then Mardi2sd BfcRigbOHARINCARES AR HRLIE hoO (PO ARcfed, [4) THNREREDO} BRB S
if these secon ata records were not nodif y the rror de tion
modul e cotrbaicmbay ehelmihtefrnnmdl loscdray tho tlecdeomaf desdacysionl B[ t0 ]od:ﬁ]ettr the Higst data
deci si on i 0 correc data r cord t.h rraor c ction
br ot es i PO b S EHatgaes (i dortrist "Bl B GDe o Ryt adhe | ¢
nmekes %@&hﬁﬂh&&ﬁ@mbﬂc&%%@eRﬁnﬁﬂ&iéﬁﬁ@&%oﬂ@hﬁmﬂ@§0rdS based on its
correspondlng second match. If a second data record is associated with an

'i Qi sil®143] cohn stem@P18.tthe caor |cgtrmt10ne1:smsess h:a@mtn@e vdutitcaithe highss owifatcact
with the uI the I |on with,the nvi si hl e
cont ai e GV B s oeftiidd Bl R FRIRRAD b sk M (Y sk,
dupl i calirestddd. df heg @Hiedethkyr RO fd&essdrﬁﬁya eﬁmartﬂe @éar&lh@ntléﬁﬁ @0 thdttthé B&ich
changes the location in the dupllcate data record to the location .
associ £Peld iFlr tapeer sptnef aras) eendidaise:dhprsroranttic GPREFRECAtNg NERits aeHBwCt Bvel
to its C h ] a
becommd P HY oasr oarmy” Shrh AP RE SehRl Thuork b WP kAR R4S IRARE e Sefen
pr 86 es sritcHaalendyomectobr exddedda prooge amxiran ldmtlbﬁ rdrige, gatianune dorediuedtionher
mat ch, as wel |
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20 as the data record of the "invisible" container created by the error
detecti on process, as erroneous and obsolete with the current tine as the
t| me starwozpﬂMS]zSi mlarly, if a second data record i sPasdscoianes7si th a

"ghost" IDC ?ﬂ% gt Qﬁ tsea?%e gr?t%frlg .2 bg%% %d&tl] at}le eﬁgli ﬁ%ﬁ%?g%,gfoc{%gsaﬁ% 1nu¢ Sto ste

actual lI'y 'ocation assocrdted w erefore,
error Qo006 actipdare @f@p@@cﬁth%lséa&th ciireéib @8d gortiaks withehdlad:@ iteRcion drobystep)D(W&wg
the data 25 record of th ghost" container; it then changes the | ocation

and t hdo 86RZDERME &S sraEk qrﬁertahenaatpl?q eaerdgaths W&Pﬁe%tb)ntﬂﬁcqséé%tﬁ’é‘ﬁs fhd
the CO@fegdﬁﬂQ%'eElQ&%e %S&Qfe%ﬁg E EFOCQ?St it ESRREEALY Rla¥on TR Bt e
correction process further no Fi t contai ner properties in the

duplS| c avefidatra laveliomdt lhlghemar@l ng its type of container” attribute from

" ghost ntainer to cont ai t hese nodificat
doptt cd0 Bt allib SlsP oS T isa o HACHSS 166! FALTBR e enll oy b g {gen
error Gy bFeC&ét&Hui?écpﬁﬁesﬁode R 8folMBE K& tibh Gi)r&rekg 'c&ﬁinu@!ﬁft@ sfeﬁcﬂfzd Bssafiad ed
with the "ghost" container as erroneous and obsol et e. ere are nultiple
" ghost 'Wlwﬁmr dhate prs Mpltipkeemetches lddetnféfzsit fopane é@talrt:@rdt(ﬁélaelsr gep 2022 exanhipes

pr ocess r ts the Qv roce r th on

P05 o] rifelRE e b8 m ARl LATERR £ e GRF B esb el Bhbe o b are
regor d&ndlﬂbl@\é@d‘btndtrﬂat&m fobarBt ¢ihihe WhtbAd dhta Gbloa@sif dat @cds&cwtslﬁecbmtneed ® be
associ ated w th subsequent operations that occurred WO

2011/ 0287 98ROty g3 7@ Techon Hased wnathpemaighes: iveurdstarainedr ardefthe error

| ocat i r S r e
mat e oytish WialRS SBERLs 1SR S b e ARk o PRUep O p RIS Wi A0
enbodi rREdpSion trédoh ibeiig ldﬁ{b&rmﬁredre@kof icoectiohhtn s@ie dabadiheasi| uﬂ'ﬁiratm)nSdoam
602) is input to the Error Detecftion Mydule 302 in real tinme; therefore,
the pr é’éé%g it cReRss P2BatRN | from dhe arddRlamptehasyfor £rrgr £oIECHR] &i vh the gy
€05 ECleohBRichGONG: Btk SRADES (SidHERuEIT @GP0z, the Tirst data record will
not have t hance to propagate yet escription here assunes that
t he fi[8t45lat alr e 226, shd aport cdrectibie p’rﬁces:srpraearecdat@medmihﬂoe ¢BOR comeatiea]

time. ILn other . .enbodi nents, the firs at car,d | d be historical data
that weS@URMSEES PRDFBIEIE! it é%,cpr%rb of Be3BHHEEHSA(ED) AR CUNEROE he

oper at 'r&ﬁoifenmk&?ecft Hﬁtﬁtre&)@&saTh@ﬁ%ﬂed)ﬁ%Uésﬁ Qelpenidd oh RARBrcE BRQR cisloR8s By QfRSE 1S
needed even if the 10 decision is to correct the first data record and
t hose ghd fitsedath rﬁcph?eorath@ deasiorsttendrrediehaiesend gnti teotdére rel ativel y easily

corPectTR pr ot BEaTe BRI et Mhntt0atb ob Hadorl Bt AR b, BBy o

the Se%@ﬂ@ctﬂﬁhﬁoéd@@@i dsp 20b6 ﬂleﬁ%@ﬂ%@tsdﬁé ardt Qe A Khséd oR OB IsBhREhMrdvaliddtes
"invisible" container, 1ts match is occupied before the correction;

t her ef éhe. INyIvbIST Gapfaipesp i areridstastion syt Hpearknetthemas pepised ohgelpting
drop-o0 per t e t e

| ast picC lgﬁ(n?}pﬁlgglg]?ua |S§Iﬁe a?ﬁ %Sﬁejsécne% &? "933{3 i dofrr}co%lta%e{ﬁ%&%}%@? g‘l) bF&Iﬁacl:on Igffuﬁéljrg (as
def i nedor exdrhge si€ clonfirsd dita re@ediicatdsfa piok-ugrappradibh of i@nedindB acCodarien B

bef ore the pi ckup operation, (which indicates that the drop-off |location is
actal 13)d the erge BB oF (G ROtAINGT & it Hhontiat 4 getnyingd @s 2% BraichoheerPion

g: Ofﬁ: %(o%r@fffbn%ﬂ’@éés@ Sopibe tﬂeanr‘:s‘{‘HQE ¥ecBE@g\J§h1EE hBehiRbeSRai V\,%AHj QF CRRMIRPEH &id on

l'ocation of i nvi si bl e” container occurred after
the ti e ofll bhaiar ammaflomﬁen@alwpllc% date acdordiat thenebangbsitine ¢dngaigereyand

results, the er or _corre Cess i fi &s t he on |ner info tion

(oo Somhier Fl Brelin T SeRs EEetR ton Combten Raat hofeion | keCHReeR |1 1
the dr opaf foqReh L, 'ré&'j}eétﬁzeﬁf L5313 cbﬁl?de@b&l%%@l iHREE @ﬁﬁlféﬁt,e &Me@é’rdh@&i’s&ﬁf)@a‘%ed hat
t he pickup operation actually occurred at the cell location in the match,)

t héOer moth theraoabdénsa ipdase d¥ish thesn changch.ctbe dhpligate date apgord is now the corrected

data record of the pick-up operation. Subsequently, the error correction process marks the

original first data record (which represents the pick-up operation of Container B at Location B)
as erroneous (e.g., by setting a “data property” field to “error”) and makes it obsolete (e.g., by
changing the value in a “status” field from “current” to “expired” with the current time as the

35  time stamp). In other embodiments, the error correction process can modify the first data directly
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25 Tracki ng Dat abase 114 for any operation that involves the "invisible"
container after the tinme of the pickup operation. For each data record in
t he querwwoesumnsn6the error correction process nodifi epCriuS2ciontBIner

i nf or ”%llth%ut cpeaﬁﬁ' t 81\1/8 {cht% &?Q tr@éo?& rand SIQE é %{1§m[ap ﬁ%t] (!1ata ?’ecso?&: %golgt%t a
record 1S assocl i'S uhoccu

bef or e Rdagrdirgy aile&iel @ﬂﬂvlsbl&él’oeﬁﬁfr&rs inhtﬁe Sédo(ﬁﬂ deear fe€®ridb,0hc RFOE eSS ctibe Pprepdsy | es
t he Inventoré}Trackln 30 Dat abase 114 for any operatjon_ at the cel
| ocat i GATTSPR e By masking dhern g KXpifkgh OToRBTHEE 2agonupandye thg daveatasy Tspgking

oper at ']ﬁa!?a‘tﬁl% ¢ t8eleR! theﬂlof(ggérﬁﬂlﬁoill fhe- hgg{e%tontaﬁ{%ﬁt B BR" secdilf deﬁ?q‘&og@st Fhe

record In the query resu e error correction process nodifies
confai reor toypaioaf procms ahagyel tlatit Fiypeio€ comainket atoibutd backgtoostotrmelnval migr

mhile mai nt ai ni ng .t he cont ai ner as "normal " cont ai ner in ead of
"ghost CUEEHtt e &y yhe ips SED; 358798 /'%%fﬁ?b%‘ﬁe?‘él?é P[r%féé é*fl@‘&%%m t he

error gRL @edkk ofle RhAEESS aﬁkPQI@éneﬁlaIfﬁketh'en(Yﬁglﬁﬁré(neIra%C&lﬁ"IQd Dot shdkec. 4okt h
the nodified data records, including the torrected data record generated by

the er rcorbodimrandss i fbnsep&eo@eis@tarﬁstordﬁewjamat medidied Dy (the grror ddtession gartudd, thang
"invisi alners expired by the error correction process.

The er@/?V]3P¢£8%@%Hm%¥B%: SIEER P ur t her update rel evant 5history files,

Sugh agot4y@ errfahc dedisiohiiof togecrMik $di6n®@UE@rcERls,ah¢ bABr tagctidR préd s of
"invisible® or "ghost” containers in the Inventory Tracklng Dat abase 114.

[ 0153] PSP Z%gn%kaﬁ aotshongene the figyt detsriceerd; brtepd.oé Bwkeseyeqciipeyin WCFloé thep
k
Do 22 RS R sfoord B 0G| Qubthaife SREn AN T UG soop il pocklP T

i nstan taSsocB&ﬂ‘dO‘Wﬁh tahe 1fﬁ\h$1b‘le” epetadiet, (Ihe albcfmbﬁﬁnéalns tiidiehe cateinad s8acyted Qvigeven
cont ai ners, occupyi ng. cont aj ner cel

| ocat | cslil&m&gchs%hem li’*“natF'ihﬁ 10%211&5 aA%OCﬁ%Wﬂth theomvaﬁl%r coraingls gy thip cate: $hs  at
CO'T ai RBbHr %S%ect 0RGAbLR ﬁr%t%@att o4 ?%c‘a{% mﬁt%%é‘m %éym%ltﬁé déta rddcRd o@the

a con ence eve e confi dence | evel
of t he npodi; tltl thm dainges thohocahen pnthe tiuplmatﬁgdaetglsetcem torthealocatrrm aseatigehivitt élnc e

| evel base bot h the confi dence I of the position,.data

cont| denveTIEyEPTgRet el dPBHEoRT Cardva voAcBor BRTEIYOniNG CoHUEAED e

Tr acki ﬁguss)dﬁfal?d@tec He@t @2o@d MW ls&bﬁﬁeé ROt &ed Qﬁfae%’caléd %@ﬁ‘er@t@@ ret kRN errbhi S
new data record wll include at |east Contai ner and attri butes,

t he compui¢ion peddss.| ldearion noqrtqﬁmamrmsmeatma(ﬂﬁ&)ﬂwe lim,re@usi of the 18htgh, a@ weli er
3) t he op ratlo ) confidence |evel

T e e e
oper at |aﬁ§lob%l@é‘Wlﬁh&ﬁ@@lﬁ‘ﬁdnbhﬁleb@@l@éﬂuﬁé\staﬁﬁbe Error Detection Mdul e detects
20 no error since the drop-off location was not occupied before the

dr op- of[914§ﬂ)er abinglarlant a ygeonft dnsa sgcprd atackicd with ¢t ghastiicentaingr, (dtm@eqsem he

exi st engen 0l Cont NSk Sl C2PEACH ol iy EoNGEo LSRN U3 dd Sk

was ad ventory Tracking ase out any nodifica |on
or cor ri¢etdf@n, thaator dbrrgdtion prbeess |ﬁ1‘m e eatds al d@ﬂicauegdaﬁateabalsley tdpyimmthicsdatahe
preV|ous data records aSSQC|ate h Cont ai ner s expired with tl as
t he” expreoat PANS i Bhost ocaniindattetnemghangse theatqcplien Cand TheCntldEhee tndcx in dhe

duplicate data record to the locatlon and the confidence index associated with the match,
respectively. The error correction process further modifies the container properties in the
duplicate data record by changing its “type of container” attribute from “ghost” container to
“normal” container. With these modifications, the duplicate data record now becomes the
30  corrected data record and the error correction process further marks the original data record
associated with the “ghost” container as erroncous and obsolete. If there are multiple “ghost”
containers in the error detection results, the error correction process repeats the above process for
cach of the “ghost” containers.
[0149] In step 2028, the error correction process searches and updates records relevant to the

35  match, which includes data records that are associated with subsequent operations that occurred
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25| ocations and operations relevant to Container C3 are now obsol ete.

[0154] Sim larly, as shown in Fig. 22B, Container B3 was picked up at tine
t2 with awoanfivideneée | evel of Conft2(B3), and a corresp@ﬂﬂtmsgommwwmta
record t r erhoy,

Dt abads TG H Gpa QuPnd el oG Rb R SR RRCHEDT ThTYRRS Bit R M
was dr eppedn ahé ndtch(eainbphahd I{rﬁimgaﬂealnhrw ﬂiése §hl§3;bq1&,nt Bpelratl&)s Viint $onge 30
confidence | evel of Conft3( AS% at tinme t3; ag no error. was detected and

its corefreesmf%a@h%éw 6%@5@% &rr he §e%(d1féﬁjrq061VF¢1§1 HRR SR lotsynnt 4@ e fyrror
Dat aba t r t

111 arsson g, foz R RS i e R TS VL Eee) S efloun

i n Fi g.th@a&isiée cotodéargicl/ the sweandldita recocdy @invasrorsent thd firetr ddtd lrezoubemlzhmmn

and re o the Error n Module for its ex at Slncethere
oae nomgis i chendcll pEegtis TR on RO Ere GaymsyhTaPa N dofh ispord s mppt

s | mragliatistor ABGRAMbAR 09r Lf iHO 130Uk QRBLAARET) M@pda@élze%m could

| ocation, the error detection process determ nes that the drop-off |ocation
is in edigpmcal dagttey WA Anuido ctlneeEtrersDamcﬂornM@imlﬁ 02 moeh &terethan @dﬂnn ghaner

| B3, at .lLocat t nd 1206. The t ect.i
or 0coS OPEUR AbBITBE 4L P RERCE bl CPor o e RVFST i1 @i anribae |
oneg(enfeeikizrns to tditdet eRNMidd@AL eecbRY @ld 1hesS flilldPind@e it ecat @RTchE EREC eseBp@dn Of
the 5 operatlon or event that |eads to the identification of the
"i nvi siherearelagigely gpyibrto argprimedadadwsepdgh in Fig. 22D, the confidence |evel
f Cont f t f
or ocesdt 15, Rleciobf, ISEF 08, A€ eriod eIt se LB PUILpARMEN O

t oget hesconds ﬂéletvbﬁ taeu&lyof:ﬂheaé@ﬂddiataareecﬁdgrlﬁafseafonctmﬂataaiea&d is ﬁssoaat,edtvh&l zdﬁt a
record for the drop-of f operation of Container B4 (which is the new data
recei vedVisiblgt epntginsr. dfsdnaeists qogupigdbaforsBie qoeaem dharpfare; the ErreOticirof
th i t ry
I A L S i B R
Dat abasxmeldﬂthé tastsplelplpm;&rat{o@% Hie calltlbcatibe oéthed‘nnmeblei’ tedainer (sas dpﬁlﬁa@l()ﬁ thiar om

the Error ection e 302, ..the error cor process recelv
oads. SHOETOH Terrdedl G ARBIT SPFRUSY QS bSiote sy PORH pERETbr TuGL t
i ncl udeydibge@W the ArGRéBbodaba iy a%‘ﬁgl'll? thOTockadHt &t A 1n|V'[be1@30(§7Htalh&()%hé eRoB3

as the first 15 data record and the data record for the drop-off "operation
of COntcarrnemnthomss then quéres tBa Invsntone Trskivgdatdtase | Ettor dny hwhtiatnatdhe edbr d

ope) at rontpr o i IEL RO FuRE kRS bGind [ TR fpoafFoGredp Pl

t he "I RudtsidelaereceRN iitRe Iqub RV rd3dita nde Gardrt &(rﬁ@loﬁ ProdRtrdddifes B coﬂtéhnélt ep
2006, the error correction process determnes the search criteria that wll

be usednfoEmefendes menisics D eadarapsrtusto ol deaeaitiainer ip dhq mateh. Edha dropmwéi f v
t he di Q r e ror
dot ect oG if ey o btRG U ARAT CFfh, pOEREL S AP ARLRRC Gohddh biIGuIE] 21
on t he ocourteisp ohedéahigocviohiinl érecratclRy elescron cotrégion prafeabihkn tycrimakeingsntoty. €.
Conft4(lny BS%) Qd Conft4(B4) in thlls exanpl e. The_search criteria coul

al €6 éfé%qkﬁg Aabasentd 4 doir 2y nsrationdhat; lmqlvqsrfee sigxpsEie’t et Aftep s thpe o
events tﬁ@?fckﬁ?%%@faﬁgn.aﬁoﬂ ERNCORE AR iCehd GhAEFELMS il Ledifeib PRtk ndow
from25 tinme (t4-T) to (t4) eretd is me associated wth the error.
Al t er nanadriéé¢sithe tdreaiseanimmetion trthat afelye eqnﬁunéryntﬁwnmlmber of operations or

event s occu red to the specifi.ed cantainer _cel].location In this
exanpl 4“5{1 Festhndmirorhs ssaciFied WO § eios Satainerdt Tl FER i e ance
range tb@fo‘?@tlf%%r&@t%rﬁ'tﬁ@éfo?é 7R @tortdBeeS®Mprbt&S tHASRIALN e IR NERP T &L

| evel of the gmit measurenent is suffici ently high) and the nunber of

opéPat |Dﬁmdoa6ﬁr 1134/ tagy ppertaeom) netheeel\k@qatlols&)qcrfadeﬁdlneemat@aée@ oenurmdeaffqr et
data 1 Geotho SRGpbiafish aPARIEN 1SLLLETION. SBREH IFR FOMEA Aeh (A8l koL 8GR
at Tier fipaett QpEraiinay| gtg acen GOt ai ner 8 8%

( Locat igasryB4gulisnthe fwroi bbﬁ&ct@atpaodeemlbdxﬁebalsee@bxwdinérhey@&qw@dtadﬁ’aaﬂtm th
the second search criterion is determned to jinclude container cell

| ocat i dip$ ohtherighpst] confancpvhile magHpiaing the senptaiaenis a grormal”contatich éinstead pf

| ocati gn. F ?&1% 3) in the second data record. Furthernore, both search
criteria i e search to the 35npst recent operation or event that
occurred at each of those adjacent container cell |ocations.

IlleOI’lS
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WO 2011/ 028726PCT/ US2010/ 047370 [0156] I n step 2008, the error correction
process determ nes the error candi dates by querying the Inventory Tracking
Dat abase wo20w/2B726he search criteria determned in st emCZIIIS&)lOmaﬂssli nplify
this e 4 I c
L A o D T

have odcdrwigdihatmbdifisé deanteirdsrincleding 5hd osaddt@ngateirédoed geﬁléhﬁé@be) rtkg ctrbie
guery returns three data records corresponding to; the drop-off operation
of ContaitRgionagogass end theyftaieepidp (e tioss G?nntéml%oﬂtl‘étﬁlﬁ@r gl&‘tStt SONtRRYSY he

dr op- of gi @&Fﬁ}atﬂe%o‘? ﬁ@&\toﬁ eﬂt‘g{] sé3r Lerfo?- coﬁ@ctﬁ)&t o t]gl)gan hﬁlﬁle{a{l &t reslevant

correction process rea ree ata recor e query results, each
of ®hi distongdllesdeschi 4sshe erroredpantidh hep awinthaicrrer cdri2ctiod gy tind tables of “tnkiesible”

operation type, the ti ta nd, t he cqanfi ce level. 10[0157]In step
2010, Pﬁegﬁ%PdPn@ﬂF?%Et ) ‘ﬁggE%i§w5§§ﬁWﬁ%%‘%ﬁg ‘her any exception rule has
been sapisyfi edro FRESIHIS BURFYr &b p%l‘éw JHIOGELh 940 | DCREIQ NS example
surrounding the drop-off location in the first data record and occupi ed

| ocat i angroyidedonnden?2he2Di md Eigsl @3AE5Hht ElgﬁetZZA@ZDBQthSh@ur pp@aﬁcbnsctheht

data exception' satisfie th| e t ha

Ot o SeerE iR plCat Bl e 426 o8Biney Boln EROHIT S it s B ik rhabretdhe
conpai RevenC@htaid@gatl,oms Bt BRSBROWI 1dnl @mbcaépﬁﬁgecmztmtﬁbeﬁ 16@&tohs gf gibval ea;
t heref ore, neither the "restricted area" exception nor the "no qualified

resul t 81 Feg@pt iAgrime ths £fansginas 3 Ags slrenpst(off aty epataingr siell dogationt F-ottipn ddes s

continy ﬁéwtﬂls%%g 20550 1@ ﬂ&I gé%{he E{S‘r?rrc?e%é)[ev‘éla&fjtg AN Lx%c%s%duld %%?IPG

2012, e error cortectiaodn ess de M nes error ca ates for t
first dahfideneeovel @fittle p&en@redam trottadha posidonidg sydiem e b ebmbdardicdafidmicé tsvel he
first data record (whi gh shows the 20 dr.op -off 0 aﬁgtlon of contai ner

F

r epr es @AtcdaP Pttlathie\ﬁ@n fesederel | dthe |P8ﬁ§10%f o pdepoe Lyl plthendrop-off )
dr o] o] Y. i

Thal, el RBLABRLERRE hRknioly TRRKARSHIA AR PSS RAT dHlhcB6id, BUBBRRAL the,
unoccuppadnmmnmatnaw ¢ﬂthe&m¢aﬁﬂbnmhdnzﬂmemﬁaanumnerc3$|Hbamﬂhandwamyﬂm
results corres din the fj.rst _search criter te that both
Looati cRalree Rl Rsaleh brpcalion 3" G BR8 A bl inda e Si ot Tt S8 T iataiit éaps hen
i ncl ude; Logasy-ofr cﬁfbreﬁ%nﬁnﬂlel—&ﬁﬁd’eﬁ& (el @nﬁL(QWB" hil FhO cogfg@oﬁdﬁﬂéﬁhﬁe t23C.

Slntlarly, the second error candi dates for the second data recor which is
associ dsegmuigtthe Hifas npineficedtingan ae arcedspible lpeatioB3the iBrxoir @t@eca@@ Mndelbt: detects

contai ner _cell cations. at t he saime tier 0 ocat i

Choha! H8'oeRE bingt, BRARASBIT 18Lasio 3RO ol chBley UeRfE e hap BB A ok &Br 05
t wo se@m@lca{omg n@t&ﬁdﬂlﬂ%ﬁﬁﬁ?u@fcﬁth% QKREEncARIUC bligineet Beid? ®efidith BRWcdcdehe
resolved with any one of them (1) Container B4 was 30 actually drogged of f

at Locaevahtasoars warowded fo thiednvearsmy TragkimpRetabarsr] 1B4vifest aex wadifiatoopiped
of f at cbf%%@{o!no Bed dlﬁ Sth% vhdlo ﬁracégg l?aﬁta;t)asé [1‘:24 (h?aﬁ‘fzsa{h%i@eflgﬁ{ ﬁ%ﬁ'r&o‘?&s

Locatlon I'$ ac oca ntai ner
"invis IabdoelatddanitlaCbﬂfalﬂen @3&3 eaﬁlrsd“lwwh tl as the@xpizdidn tanel td thlichteethataht aarhier
currently at Locatlon C3 is actually at Location BS i.e., Container C3 is

t hé>" i MGeEPRY W QPSRN HEHCVERLIOBP AN H ol C AW DO lets3E W
2011/ 0%61@%%&%@1 O/a%ﬁﬁ\z{i’ &%g%ﬁybésﬂtamt B3 gfa 339 2%% titheCONGIHENCE
of th dates. Ac

i ndex i's conputed r eac four error can cording to the
descrlpbnﬁmﬁM£ﬂ&mFo@Com&ﬂiDnmmhecenhq@ndmgumwtﬁﬂa&mnﬂid@mceamddeﬂlnoenor
detected and the Inventory Tracking Database 114 was updated accordingly. As shown in Fig.
22C, Container A3 was dropped off at Location A3 (Row 111, Bay 24, Slot A, Tier 3) with a
30  confidence level of Confiz(A3) at time t3; again, no error was detected and its corresponding new
data record was added to the Inventory Tracking Database. At time t4, Container B4 was
dropped off at the Location B4 (Row 111, Bay 24, Slot B, Tier 4) with a confidence level of
Confu(B4) as shown in Fig. 22D. Accordingly a new data record was created for this operation

and reported to the Error Detection Module for its examination. Since there was no container at

35 Location B3 (Row 111, Bay 24, Slot B, Tier 3), which is immediately beneath the drop-off
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of a candidate for the first data record (the drop-off operation of
Container B4 in this exanple) is set to be: k x (1 - Conffirst data), where
Conf fi rstwoabua/i28726he confi dence | evel of the first dat&craserdos73(mhi ch is
Conft4 -] i X e = f i.thonfi e

Tocat | Vil b e FRATRE bR el RS R IR s iy ichais i e e
cont ai Ne02 aed trehw@s an FoNisfsle” Bhtaiadd CBBtainas Ime B3, asLddagop8Sithioaph efeps h204
Contai ner B4 (marked as PB4 in the figure) provided by theépositLoniﬁg,,
syst ema@shZNg The FEF Hstestion PLoqess ABP/ PPPUtgse? weNIFRICR deYeh dpbthe oinvisHe
error IRt Ak Libodithehl, 2hts adnRAchdNey Sk 4Bt ige fRC Lok AALe IRl BF f
candidg?@géﬁ iS: a%?sgéaﬁ.’Insﬁﬁ?sagg%c?¥¥§kg€gﬁgﬁg,ﬁfhgg%% %%gsg}gn]%%4

i s 6l owperation bhevanelthat deds er thofidéifichidon ofotht Wenvisble” certbieer; of thedzasgshosm

that the_di nces between the. cell. cent , al and a3, are S , the
wer ght 1R 5 SePoferartades brrbrt Careingans i Ger&rgst 1 hak SeheSHe TR brig
factor jbRetiddBroBEdsAirsCRPEHIRE @rief in ﬁ%plénlﬁ s ’Eh’engiﬁor@ciﬁé bH6NoGetheV&ith iRy
the error candidate A4, (al/2/a2) x (1 - Conft4(B4)), is larger than the
confi dewody Feie datw rocors for (ontaeadinddBd 02 dataade@iainy the drop-ofCopdratiqral ) .

15[ 016Q] Si m | t he confidence index.of a rrqr capdi date for an

P hvi st TP SRR PR o g R i Pt B e e
condi deeetibre¥LihcOinVidiBleBLbMbineANM B33, @ndnke K}f)daﬁélf e UbAbR hisoryics 1608

wei ghting factor. Conferror candidate is: Conft3(A3) and Confti (C3) for the
two er tlst Egainderaeatios Modsd EEA2 apd|the Inventgmy Tracking pagabass | kdhe staprad -

correcty r S I I P! || st
mat ch fOFY e "RRSE SEbEbBRef L2062 sl B RR IS AROF RS 3y i bl

r ecor d.cofregtion@oddss sdcedat and 2ads the drroe detettih @aililes iheegr 2 0ds deair@k ddtcwtidm
the drop-off operation_ of Container the errar correction proces

B4
conpar &85Uthanclisy thaaiiedy riraled ekt gicorchior &angring dpyi BhpeLagatign B3 ﬁ%t@rfﬁr&
candi dahg Chy@Rdd $&! &84 RecbREroR !trg{@{pp.%poﬁatfoﬁ%(ffddn%n&%ﬁ 1AERGEoA BIASX the

Since there 1s only one "invisi contai ner (Container Inv B3), the error
cor r ectst@mdplatcessdc baqhadats radchel inohfledercast fife donthéner feolt 104A8tiam dh<CB8marod the

sel ects the higher one. as the secon onf | dence ind T rror correction
o1 065 STPRER EGHBE B8 i Retdht HEh R FRF 0% e o ST A B3} FRIGRE Ui ect s
the hi ghehiRkPenaB3t iRl QbaNESS) BPTohAERSE BA)NHEXep LH0&Ithd8Frof BET@EBRDrocess
candi date A4 or 'the error candidate C4 achi eves this highest confidence

i ndex, detsemames dre ssaichectdrorthprodidssused he Hetdwsing huor ¢dndidates sThalsgarchrasderad i s
i ngQrrect,.and .needs,;.t o be carrected, .ot herw s the errar..correction ..

pr 68 es Soug T BEEE ' hod Forfi3d 'S Enaifler 80 03 Pan R lenhit Bt aBletiome.
shoul d rORIt9CEUPYILAE&OTY 200 Bdcalibn €B4 gl thieexihilef Masal BET that cdarﬁb@?dﬂdﬂf% A3
or the container at Location C3 should be occupying Location B3). [0162] In
step 2628fidange Ipyalhes othes AFrplpbility mprptsesi &cedrpan@a 3 nd Gerfuddt) in this

t hresh hig .e | e. t i.0 t Af | ce. | X A.5.40, 8
and th%%gP%%'gigf%e tﬁpg§%gp§®iép égégghg%e€§§é?ﬁ éfgfgbgnggﬁgb%%ﬁghw

pr ocesopeatibnnoesvehe thhteEecdB2@ at the domtdingrtdeBrio@sisngredthimgic tirhewéndsv Bdanl y
one error candi date Ehat achi eves the hjghest configence i ndex; thus, the

erfor B Etd) %@bv o'g 14 @éger?mc‘m% 3816110 et pf SRV Loribs MFEd FHCTE ep
2026. 1, SERRiF¢ RO nuﬁliasrhsf ggérat?&{sr&céde%f RLO6ES RN AR %ﬁeﬁﬁé@c&ﬁ&iﬁéﬂéelf or

error correction. For the npl et eness o escriptioh, four cases are
pr ovi déecasong. hathieagdmple, it eassomed drat dre cardicddidtraisspealiks thae thehdstengeaange

candi date that achieves th i ghest .confidence .i ndex.|n one of e cases.
ST 016317 b e BRbiRRcSA gl Skt Hontu T Rsoy St da Dyt i BFRGS
candi dai@s@bmbRCARt dufcifttly THa5 eh®higs nhikiBeesf fcrafns &t dveRtsRb ARESR: FORLAS
the first data record (which has the Container ID as Container B4) to a

dupfi cdhaescigeg, hased worthe first dath egrord pharsssaarmd aisenian speeifieetdntdingraelldecatiang he

duplicate.d ecord fr Locat i.on to _Laocation A4 and dates the

cont i aahaise0al SEAbRnBRY ARERF TR FRchDrnSs & RS AR UTERT ™ I 1

0.8). Haf.redod®, RENEN the second data record, the second search criterion is determined to include
container cell locations at Tier 4 that are immediately adjacent to the container cell location
(Location B3) in the second data record. Furthermore, both search criteria limit the search to the

35  most recent operation or event that occurred at each of those adjacent container cell locations.
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10 the effect of these changes, which noves Container B4 from Location B4
to Location A4. The error correction process may further mark this newy
created dwDaoriesrd to indicate that it is generated byPCHaSerwou7370

correcty proge a . cor t [- {.St.I i Pt fr . he
dat o r QUBE" CaS, e ey e R A ode R o PhE LR Al b REM
t he oritigd M@lenfory Skraclai@ Daeabase 11 havith e ssach 2ritdta detominéd i0RexpaLdo®mn Tf
Cont ai ner B4 at Location B4, the error correction 15 process marks it as

er r onedURPI{fE this exginpieett iSpdpsemed ghah ngr GPEIRSYS OF§upY conirings Gelrlogationy) indiices

it obs : jpfga ' 0 A ofi r - nt"
to " exgllhjtr%l g%t%\%’ %ﬁ'ef’%a cur %ginitgg}f ?@n):an\égﬁdtjﬁ%érﬁ%g h?%%rBrp . eiliﬁglﬂg)rsé Sgﬂgglr%féeercltpl on
pr o6esdoatisns omtrcksThdrefodatte neagrrdtuafs @omt dutar excotdsvcoB8samdoigstot @teedroprofSone
enbodi nents, t error correction. process.na irectly make th

modi 1 GRERBHS Of Gomurcr; Sal {5 ¢ PeBlr APritiolt CEPGRET 15 8 Guprs i wometh
recor d oEralieR ®F CodRihe APG {31 &flstbh BDS, At rrbLeRFEtiBR prilRsCRAAE MO rdalat
record. [0164]In case #2, the error candidate of Location C4 achieved the

hi ghestreaodf indehgeery rasalts, cadieolofibicl includes gs coresponding torsanpr bt askatgbutss,
through a simlar process as in se #1. Th nly difference is that the
correct edolzféépﬁmﬁ&%m? tﬁggs%%lga?ngtﬁefﬂnédsenﬁ VC)locati on and the confidence

i ndex, [GBs¥ 2/ arh) st¥p 0810, thOBfrbr EdRdctioh \Whdcehs bxtanting) whsthért snyconrbpalanage hadex.
Fig. 22C shows the 25effect of these changes, which noves Container B4 from
Locat i ®scBaatisgicloHick dhe @aerysiesbltashgy unescunied focgiense srradpgotie sdropmik s
the origi g gorgl «[ Q3 » |

v, EndaBh ih SN KRR BhE B A QLRI S DrBIRANE e A FEREF, e
second InatBd) tisd rasuffiticacditevesptibe” Rirghesisfieontt idenomed ndexs ctdmyse itnditieat es
that the drop-off o(grar ation of A3 npst likely occur r@% at Locatjion B3

i nst eadhige da8 recprdy dor it bave Hdtigenthy high cepfigeage prshthat Be seutainer el lopationgat o
dupki c tBad i i &d » - d
O TEor Pt faf ¥ Bt ERRAGL L nERR0S S, e AR ERE
dat a r ¢lootmd fuabfied ssalts’ercdBionaos tatishtd. v aBB3sun theupdatcesedttion roctss derinecs

level to it r r espondi confidence index. Fig. 23D shows the effect of
t hese (‘E‘Plétﬁﬁzgf&ﬂrffe@ﬁ“ﬂlﬂf\/tgge’&%‘fagg‘rﬁi@?esAS from Location A3 to Location B3.
Thi s dypjsgiat erdadod12¢ He@rioh 86 rREBA TR b @A GRIIF QR cAlRti dtdsee P first data

35generated by the error correction process. The error correction process
t hen naedesd aiethgseegind allatawer @rd.1 hicozreor zamiintitessio 11ey srdrorasardwhich showstthge

da r ecor d..of nt ai ner A3 erroneo and obsaol ._The errar, .
corPec g B o A B By Nk RECH e s 0P st RS CPaings
recor d spéulll e diopifSideht@on €&pbie PEthe fRMoAineystehV 103Bhe Mce@E@ATRYS, tHRefS I Or
detection process) obsolete with the expiration tine as the current tine.
5[ 0166]crar easadages for flee Brst drtadgeraf sheddanclodnhprgosepicdgortainepeelt jasatias 9ns

i denti fj S, t.he: si i 1 iLev. ' t. [

ndox. 0 RER SR AR TRR A Ao ol B S [ BT n GO AR
whi ch iI®chédnoA4¢ ahdBopitiok (P apanadcupied othe GasteabnendBataathdn ineluti@Lo¢dtien A4
drgp-of f |l ocation of C3 could not have been at Location B3, which. jndicates
that t #84 pEiN operabP¥h &Rt PaBrind & isctr PeI#0Y- ChESPR brrgeanideiador
Cont ai pRr (B3nd THE! ?écghg %(wléfgﬁtﬁra[s%ciétg’d GRIH %L"ﬁ@isﬁﬂ@c @&ﬁaiﬁéﬁﬁ{foM? include

duplicate data recor ntai ner B3, and the error correctiom process

t hen r eptiguabcanomiaicak lodafomsed thor @perticr dsodanon A8 add plocatatneC Has ahovec orkigwi t h
t hose Cont ai n and change he contajner cell |ocation in,the

dupl | c9PB ik e 2t SETLRam oA Ton e el bt aLBieg e
becomegoidie af@rRE ot HREBr LGRS EICE Widl £RI &R dhdbmt Q&Qbﬁt‘éfﬁ@r @aeya 1 on

at tinme t2 actually occurred to Container C3 at Location Subsequent |y,
t hé0er raptually dropped off at Location A4 as shown in Fig. 23B, (2) Container B4 was actually

dropped off at Location C4 as shown in Fig. 23C, (3) the container currently at Location A3 is
actually at Location B3, i.e., Container A3 is the “invisible” container Inv_B3 as shown in Fig.
23D, and (4) the container currently at Location C3 is actually at Location B3, i.e., Container C3

is the “invisible” container Inv_B3 as shown in Fig. 23E.
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15 correction process marks the second data record (i.e., the data record
of Container Inv B3) as obsolete and changes the data record correspondi ng
to the drwp-20fifo28per ati on of B3 from obsol ete (or expiredy/useowalido (or

current hus he | nv C | |
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cor r ectof 8sprdidate forithe ér%%tﬁﬁwrd (the deopef§ apsratiqthed Coniaingdhit Huthis ermple) 1y he
first e eRr ctjo ror
et oot PR A Dol gl Phork Lo O, e QBRI fooPBPfsited fuud REokT
casé #Iwhnﬁ1sdkeﬁﬂB4$mmdﬁsm@mnpb)and®n=ﬂ@uhdmhﬁm&mdoaUKmaﬁm&Q1kaoahghmnﬁA
or Loctlon In both.case #3 and cas tch' a match for
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continues to step 2030. In 30 case #4, the drop-off of C3 is earlier than
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Cont ai i e e he
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i nclude the correspondi ng exception rule (i.e., the reason for the current
exception), all the data records in the error correction results, as well
as the data records in the query resul 8¢. If the exception is due to
in-determned match or solution, the instructions wll also include all the
potential matches
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confirm Thus xception correction process nmay not require the inputs
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35detecplon results. Alternatively, if valid operator inputs have been

r ed8i vedrrogtioni proedse fisstecrcan 2duplicesdate Patrddy 0Dy g BB0sccond match (i.e., the

data record of Container A3); it then changes the drop-off location in the duplicate data record
from Location A3 to Location B3 and updates the confidence level to its corresponding
confidence index. Fig. 23D shows the effect of these changes, which moves Container A3 from
Location A3 to Location B3. This duplicate data record then becomes the corrected data record

35  generated by the error correction process. The error correction process then marks the original
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determned tinme threshold, the correction exception process continues from
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in_the query results and difying the first data record pased on _the match
WO2301 PETETD EPETFUSPON 0200 APPBIGTRR Sciorts GBe t HESRCHERY; #1t HE 40 OF teiafest
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det er m nes e matc Identifying error candidates for the first data
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30  case #4, the drop-off of C3 is carlier than the pickup of B3, thus, the pickup at time t2 actually
occurred to Container C3 at Location C3. The error correction process then queries the Inventory
Tracking Database for all operations that occurred to Container B3 after the pickup operation at
time t2. Those operations actually occurred to Container C3 instead of Container B3; therefore,

for each data record in the query results, the error correction process changes the container

35 information from that of Container B3 to that of Container C3. By doing so, the error correction
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potential match(es) in step 2016. [0179]In step 2018, the error correction
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records rein a | ct as
error correction results to indicate that a correction exception has occurred. For example, the

correction exception process could add to those data records an exception flag, whose value was
set in previous steps (e.g., steps 1810, 1816, and 1818 in Fig. 18 and steps 2010, 2020, and 2022
in Fig. 20) to represent the corresponding exception rules. The correction exception process can

20  also write the exception rule and time stamp to the error correction log. (As described carlier, the

2 (13 2 (13 2 (15

exception rules can include “no sufficient data”, “no qualified results”, “restricted area”, “in-
determined match or solution”, “low confidence index”, and so on.)
[0170] If the manual support is enabled or turned on, the correction exception process then
continues to steps 2406 through step 2414 to engage the operator in the correction exception

25  process to correct the error. In step 2406, the exception correction process prepares instructions
for the operator’s manual correction or wvalidation; these instructions can include the
corresponding exception rule (i.e., the reason for the current exception), all the data records in
the error correction results, as well as the data records in the query results. If the exception is due
to in-determined match or solution, the instructions will also include all the potential matches

30  that achieve the highest confidence index; if the exception is due to a low confidence index, the
instructions will include the match that achieves the highest confidence index. The purpose of
these instructions is to provide the operator adequate information related to the error detected and
to facilitate the operator’s manual correction of the error.

[0171] In step 2408, the correction exception process outputs these manual correction

35 instructions to the operator, ¢.g., through a display. Graphic display or schematic drawings (such
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[0173] In step 2410, the exception correction process examines whether any input has been

20  entered by the operator, ¢.g., by monitoring cursor movements or inputs from keyboards. The
exception correction process also checks whether the inputs are valid and complete by examining
(1) whether the inputs provide a match for the first data record or the inputs provide a match for
cach of the second data records or (2) whether the inputs correct the first data record or correct
cach of the second data records. If not, the exception correction process keeps waiting and

25  receiving inputs from the operator until it has waited for a sufficiently long time period (e.g., if
the waiting time since the display of the instructions is longer than a pre-determined threshold)
as determined in step 2412. In some embodiments, the exception correction process could
incorporate the inputs from the operator with the existing information regarding the first and
second data records as well as the error candidates to generate possible correction solutions and

30  output those solutions for the operator to select and/or confirm. Thus, the exception correction
process may not require the inputs to be complete.
[0174] If the correction exception process has waited for a sufficiently long time period
without receiving valid inputs from the operator, the correction exception process continues from
step 2412 to step 2404 to write the exception rule and modify the data records in the error

35  detection results. Alternatively, if valid operator inputs have been received within the pre-
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I nventory dat abase, 30 upon .identification of the container pickup event
the |i SPITBFHOBMTEFesE GHERE BSHR @@gdenﬁe?&f@rﬁr%ﬂr Hetecmproges Of thyy E‘iﬁ%ﬁﬁ ction
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T(?H%J] 1?1 step %2, the error correction process examines whether an error has been

reported (from either the Error Detection Module or other modules such as a user interface); if

so, the error correction process continues to step 2004 to receive the erroncous data record

20  (which could be error detection results that only include a first data record or a data record input
from other modules such as the user interface). This first data record includes at least one of the
following information: a container ID, container properties, a position, and a container cell
location, and it has been determined to have at least one error in any of the information by either
a processor for detecting errors or an operator of the inventory tracking system.

25 [0177] In step 2006, the error correction process sets a search criterion based on the first data
record; the search criterion specifies information such as container IDs, container properties,
container cell locations, time duration, and the number of operations or events. The error
correction process then queries the Inventory Tracking Database 114 using the search criterion
and obtains the query results. In step 2010, the error correction examines whether any exception

30 rules are satisfied; if so, the error correction process continues to step 2024 to execute the
correction exception process. The exception rules, the examination, and the correction exception
process are similar to those described earlier.

[0178] If no exception rules are met, the error correction process continues to steps 2012
through 2022 to evaluate the query results and to determine a match for the first data record. The

35  match is a data record in the query results and modifying the first data record based on the match
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35 WD 2011/ 028726PCT/ US2010/ 047370 5. The nethod in Caim1l, wherein
each of the search criteria specifies at |east one of the follow ng:
cont ai nerWODml/(Izsm'ﬁai ner properties, container cell | oc&Ciransgioass7a ti me
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| ocation and a position relative to a contai ner, 6. The nethod in ¢ aim
1, wher@Pi§Pt29e2.ePampsing srotebabilify megsuke, gge ra)ﬁqn@éfﬁlllﬂ%exdﬁoﬁ sdidspcomde et y

f .esu' t%aéﬁj&itﬁgérrgp%gﬂ (%FC% 'in @ Q?Féf T nBIhd &Jn'ilﬁct‘?ﬁc{e‘ilrto B%@lﬁgﬂést toMrdcR&

first data recor on th Irst qliery results an secon error

candi dahdex a‘ndridemfynngfthet bheosendititaddt carrcegpodag tbabe Highosttdoefidewo nad eoyussray
results; at i ngzﬁ) g fi rst error candidates to determine the first
mat ch fI’BFenflﬁlén‘I‘tFl?gf 194t°R 204@0r d; eval uating the second error candidates for

each Of[()i’b? Seﬁpﬁ% Q@IE@ tﬁ@‘éf%fjéoﬁ&tlgﬁtp%d&sﬂ@xa%@h&ewﬁ@tﬁ@rnﬂlesfﬁ%hé@f coEtdhEs -
7. The nethod in aim6, wherein he first data record further

conpr i sedexan heghepnoughe gt Hatger thapreprstsct Heeshold) ewil regntimucs datstapn2Opircitem
event, nt ai,ner drop event, and, a hi.cl.e nt eyent d 20t h
first 0PsAChalintoat L ePason Folt el Be lCs RACaSr RIS {5 M ER SAOVSPe 4 ¢ st
queny fpetutihiSmateh@k eisnidentified dshBie fndtH(eBr Frahere 39 dhadRSMERANE] SQc@EiGePied
container cell locations in the first query results if the event type is

the conteai #&2).pihe leuiipr epeagtionapigeess modifies they fiest dptesiecerdrpscd andhaaraseh to
T he SEuRnRg SReP R SER 220 T G5 201 0T el B s AR AR
vehi cl elanoeesrdntclexanto the first data record or the match as described before. In step 2030, the
error correction process updates the Inventory Tracking Database 114 with the corrected data
15  records and writes relevant historic log or error correction log accordingly.
[0180] Although the present invention has been described above with particularity, this was
merely to teach one of ordinary skill in the art how to make and use the invention. Specific terms
such as “invisible” containers and “ghost” containers are used for description purposes; other
terms or values could be used to represent containers that may (or may not) be at certain cell
20  locations although the Inventory Tracking Database shows they are not (or are) at those cell

locations. Many additional modifications will fall within the scope of the invention, as that scope

is defined by the following claims.
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to the first data records and second query results corresponding to the set of second data records;
evaluating the first query results to determine a first match for the first data record,
wherein the first match is a data record in the first query results, and wherein modifying the first
15  data record based on the first match can resolve the data conflict;
evaluating the second query results to determine a set of second matches, wherein the set
of second matches comprises one second match for each of the second data records, and wherein
modifying each of the second data records based on its corresponding second match can resolve
the data conflict;
20 deciding whether the first data record or the set of second data records should be
corrected by comparing the first match with the set of second matches;
modifying at least one of the following data records: the first data record, the first match,
the set of second data records, and the set of second matches, based on the decision; and

reporting the modified data records to the container inventory database.

25
2. The data conflict in Claim 1 is an inconsistency detected by an error detection method
that compares the first data record with data records in the container inventory database to detect
the data conflicts and to identify the set of the second data records, wherein the error detection
method comprises:

30 obtaining the first data record, wherein the first data record is provided by at least one of

the following data sources comprising: the container inventory tracking system, an inventory

management system associated with the inventory tracking mechanism, an input device for
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20 the first data record comprises at least one of the following: a position of handling
equipment, a position of a container, and a container cell location in the container storage
facility, and

the pre-defined list of events comprises: a container pickup event, a container drop event,
and a vehicle movement event.

25
4, The error detection method in Claim 2, wherein

upon identification of the vehicle movement event, the list of error types comprises a
movement violation error indicating movement of the container handling equipment across
locations occupied with containers according to the container inventory database,

30 upon identification of the container pickup event, the list of error types comprises: no
container available for pickup, inaccessible pickup location, and inaccessible operating location,
and

upon identification of the container drop event, the list of error types comprises: drop

location in mid-air, occupied drop location, and inaccessible operating location.

35
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the first data record further comprises an event type that is one of the following: a
container pickup event, a container drop event, and a vehicle movement event; and
20 the first error candidates are determined based on the event type and the first query
results, wherein
the first error candidates comprise occupied container cell locations in the first
query results if the event type is the container pickup event, and
the first error candidates comprise unoccupied container cell locations in the first
25 query results if the event type is one of the following: the container drop event and the

vehicle movement event.

8. The method in Claim 6, wherein each of the second data records falls into one of three
categories and the second error candidates for a second data record are determined based on
30  which of the three categories the second data record falls into, wherein the three categories
comprise:
a first category if the second data record shows no container at a location but the first data
record indicates that a container should be at the location,
a second category if the second data record shows a container at a location but the first

35  data record indicates that no container should not be at the location, and
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corresponding second error candidates.

10. The method in Claim 9, wherein
25 the probability measure for ecach of the first error candidate and the second error
candidates is determined based on information recorded in the respective error candidate and
information in the corresponding data record, wherein the information comprises at least one of
the following: a position data, a container cell location, and a confidence level; and
the decision is made by comparing the probability measure of the first match and an

30  aggregated probability measure based on the probability measures of the second matches.

11. The method in Claim 1, wherein
if the decision is to correct the first data record, the modification comprises at least one of
the following: replacing information in the first data record with corresponding information in

35  the first match, replacing information in the first match with corresponding information in the
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if the decision is to correct the second data records, the modification comprises at least
one of the following for each of the second data records: replacing information in the second data
5  record with corresponding information in its corresponding second match, replacing information
in its corresponding second match with corresponding information in the second data record, and

creating a new data record by using information in the second data record and information in its

corresponding second match.

10 12, The method in Claim 1, wherein
the decision further comprises exceptions for at least one of the following situations:
cither the first query results or the second query results are empty, the first match cannot be
determined, and any of the second matches cannot be determined,
the method further comprises an exception process before the modification, wherein the
15  exception process prepares and outputs instructions to an operator, accepts and validates inputs
from the operator, and determines corrections that need to be made based on the inputs, and
the method modifies at least one of the following data records: the first data record, the
first match, the set of second data records, and the set of second matches, based on the
corrections determined by the exception process.
20
13. The method in Claim 6,
wherein the first data record further comprises an event type that is one of the following:
a container pickup event, a container drop event, and a vehicle movement event;
wherein the first error candidates are determined based on the event type and the first
25  query results, wherein
the first error candidates comprise occupied container cell locations in the first
query results if the event type is the container pickup event, and
the first error candidates comprise unoccupied container cell locations in the first
query results if the event type is one of the following: the container drop event and the
30 vehicle movement event,
wherein each of the second data records falls into one of three categories and the second
error candidates for a second data record are determined based on which of the three categories
the second data record falls into, wherein the three categories comprise:
a first category if the second data record shows no container at a location but the

35  first data record indicates that a container should be at the location,
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a second category if the second data record shows a container at a location but the
first data record indicates that no container should not be at the location, and

a third category if the second data record shows a first container at a location but
the first data record indicates that a second container at the location, wherein the first container
and the second container differ in at least one of the following: container ID and container
properties,

and wherein the second error candidates comprise:

occupied container cell locations in the second query results if the second data
record falls into the first category,

unoccupied container cell locations in the second query results if the second data
record falls into the second category, and

occupied container cell locations in the second query results where the occupying
containers share the second container’s container ID and container properties if the second data

record falls into the third category.

14, The method in Claim 13, wherein

the evaluation of the first error candidates comprises computing a probability measure for
cach of the first error candidates based on the corresponding first error candidate and the first
data record, and the first match is determined based on the probability measures of the first error
candidates,

the evaluation of the second error candidates for each of the second data records
comprises computing a probability measure of how likely each of the second error candidates
based on the second error candidate and its corresponding second data record, and the second
match for each of the second data records is determined based on the probability measures of the
corresponding second error candidates, and

the probability measure for ecach of the first error candidate and the second error
candidates is determined based on information recorded in the respective error candidate and
information in the corresponding data record, wherein the information comprises at least one of

the following: a position data, a container cell location, and a confidence level.

15. A container inventory tracking and error correction system, comprising
a container inventory tracking system that tracks containers in a container storage facility,
provides inventory data associated with the containers and container handling equipment, and

stores the inventory data in an inventory tracking database,
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an error detection module provided in a processor that obtains at least one first data
record from the container inventory tracking system, identifies an event associated with the first
inventory data, provides a list of error types based on the identified event, determines whether an
error of any of the error types has occurred, and upon the detection of the error identifies second
data records that are related to the error, and

an error correction module provided in the processor that, upon the detection of the error,
obtains the first data record and the second data records, sets search criteria based on the first
data record and the second data records, queries the inventory tracking database with the search
criteria, obtains query results, determines a first match for the first data record and second
matches for the second data records from the query results, makes decision regarding whether
the first data record or the second data records need to be corrected by comparing the first match
with the second matches, modifies at least one of the first data record and the second data records

based on the decision, and reports the modified data records to the inventory tracking database.
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