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technology (such as Global Positioning System (GPS) and Real-time Locating System (RTLS))

15 and wireless communications to track locations of containers by actively tracking the movement
and locations of container handling equipment (HEs) that pick up, move, and set down the
containers. The inventory tracking system then records the tracking information to an inventory
tracking database and interfaces with a Terminal Operating System (TOS) to update container
locations whenever a HE picks up or sets down a container. Such inventory tracking systems are

20 designed to improve the accuracy of the container yard inventory and thereby reduce lost
containers, maximize TOS performance, and improve the efficiency of HEs.

[0004] HEs can be categorized into two broad types: (1) lift equipment — 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, and (2) transport equipment — any type of HE that is capable

25 of moving a container from one location to another but is not capable of lifting the container and
setting it down. Typical lift equipment includes top picks (also referred to as top lifts or top
loaders), side picks (also referred to as side lifts, side loaders or empty handlers), reach stackers,
straddle carriers, rubber tired gantries (RTGs), rail mounted gantries (RMGs), and quay cranes.
Typical transport equipment includes over-the-road (OTR) trucks and tractors (also referred to as

30 yard tractor, tug, UTR (Universal Tractor Ross), jockey truck, hustler, yard hustler, etc.). Both
1
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transactions on Container C1. Thus, erroncous tracking and location information has been
generated due to incorrect associations between containers and HEs.

25 [0008] To ensure correct association between containers and HEs, the inventory tracking
system needs to correctly identify the HEs involved in each container inventory transaction.
Typically, the inventory tracking system recognizes a container transaction based on information
from sensors such as the twistlock sensors/switches. Twistlocks are mechanisms installed at the
four corners of a CHE’s spreader bar to secure containers in transit on the CHEs. Twistlock

30 systems include electronic components (e.g., motors, control circuits, and sensors/switches) to
enable remote operation of the mechanical components. Two types of sensors/switches are
typically used to facilitate the operation of an electronic twistlock. For the convenience of
description, these two types of sensors/switches are referred to herein as twistlock contact

sensors and twistlock engagement switches. When a CHE picks up or sets down a container,
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[0010] Other prior art inventory tracking systems install bar codes on tractors and scanners (or
cameras) on CHEs. Similar to transponder-reader-based mechanisms, the scanners (or cameras)
on a CHE read the bar codes on the tractor and the tractor is identified based on the bar codes.
The drawbacks of such mechanisms include the line-of-sight requirement, performance
30 degradation due to bad weather (especially if cameras are used) as well as damage to or soiling
of the bar code (making it unreadable). In addition, the location of the bar codes can also be a
problem. For example, a bar code on the side of a tractor can be difficult for a crane, which is

much taller than a tractor, to read. Also a bar code on top of a tractor is difficult for a top pick,

which is not much higher than a tractor, to read. To solve this problem scanners or cameras can
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container-operation-related events occurring to tractors in a container yard. In one embodiment,
the event detection apparatus includes a vibration detector for measuring vibrations of the tractor

15 and a processor for receiving information from the vibration detector and detecting container-
operation-related events occurring to the tractor.
[0013] The container-operation-related events detected by the processor of the event detection
apparatus can include two types of events: a container pick up from the chassis attached to the
tractor and a container drop off onto the chassis of the tractor. More specifically, the container-
20 operation-related events can include at least one of the following eight types of events: (1) a
container drop off in the middle of the chassis attached to the tractor, (2) a container drop off at
the front of the chassis, (3) a container drop off at the rear of the chassis, (4) a container pick up
in the middle of the chassis, (5) a container pick up at the front of the chassis, (6) a container
pick up at the rear of the chassis, (7) chassis engagement (i.c., attachment of a chassis to the
25 tractor), and (8) chassis disengagement (i.c., separation of a chassis from the tractor).
[0014] In one embodiment, the processor detects the occurrence of container-operation-related
events by collecting vibration measurements from the vibration detector when the vibration
measurements are relatively large (indicating a possible occurrence of a container-operation-
related event). The processor further maintains awareness of the loading status of the tractor
30 based on the detection of container-operation-related events. In a further embodiment, the event
detection apparatus also includes a speed detector for providing information pertaining to
whether the tractor is at near-zero speed including zero speed. Since container-operation-related
events do not occur unless the tractor is stopped or almost stopped, the event detection apparatus

only collects vibration measurements when the tractor is at near-zero speed including zero speed.
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the progesak detdbol 8P Iardt® 158t ROtheShORRoM 4s§bctiahﬁm0d%t][eai ineRideeh aRihoRNd

event detector, the processor detects an oOccurrence of a container
oper at ivor esavielE fag detsimang thenCoiaposition mot udcwygermans op evataingn opypsoand a

time of curyence ed on the..nformption fraoamthe operation. detector.
he: pr GBS BPEE CAP oo & 0ul et PRRLA Shclel X dFrdREE Hie BRGS P&
every afd Wiltion@s.gl, ShRMRNThd §YfsRiiRiiheninchdbd/sbRige@br RY @octaliRE catitinarstwifie Of
occurrence based on the information fromthe event

1 nfor W o
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det er m't@gg b‘f@ﬁ?&ﬁ{aﬁngcﬁﬁﬂéeai ner - operati on-event matches the container
operation aby conpari ng e“event type with the operation type and by
conpar i[0@1 9% hent thige eaibodiecut, r taaclrst afobileeurdy eni iméltide tahfrst ipweitiohingcanit rfence
for the operatjon. If a match is found, the processor further associates
t he comﬁl&@g faist gopPns, oA he GHE ethdnith roRsHEIons dgtprdor i@y Broyedngipforppigon
ot h ; ; t : t ;
Ve T e o R ed B R R LR P
provi dedn endlinder a isecond pjostioningnunai fdr firbra degesetordepexttiors arths epatoatas wWalloas i t
t he invenﬁ ry 335 Ci gt'on s%/ tem.incl%c&ifs a f.irat nobi | e uni.%. on % E for
det er mAMRGEREEHECS PosFTaEnPRHP B L F dAYEY PreRBh (Y REMIGpery FRsen
per f or pRAaiRihgt BEm&idn oRtIREERRH. TROIHrG 44Qi decY Fositi AL lnitOEandRERUAIIRT e t he
tractor's position 10 and notion (e.g., speed). The system further includes
a procesdops drPassaor.at itgspeoderaioner gmpiat devibe feEsientafythgaHEopasitrins at Tlon
Ii% bet ween tthe% fi.r% and secon m)tgi e units a(qld t he Jrocessor to er}abl e
i nfor matg o8 SeHgngk. e[é?ff&? RO AT 6ok AetheSd PREOF i F s ABBTI RGN (0 an
i ncl udeleRrhinisd kO $iato@Bi MBtieH)i Whichr capr BY ivdédgo fdet&imoai dik@fs Glont heldeHE
and an operation detector for providi n% information 15 indicating an
occur r disevasthyposisienayhearthe senfzdanes lqyelstarthe seagpd pReitiopsare Trlatisdy dowt Hisbi | e
unit o . : ‘D h 1 ons
of ¢ ho Prseps SP e ARRAT SRRk IO il derdo o Bl S EE ANPGRS
nmot i on bdetdesi the ifformgpioa\viahh tg dpefanbndticotor ped da@emiings the lovatioroaf e coilteiner
tractor. The first and second positioning units can include devjices such as
a GPS SBREHP basadromhi) oﬁirdteps)Sl%?nSaT_ P FFCERSOl duTtess c?e&mm&fé Y R§arge fgctor is
posi ti GRRlycih {0 Rl ofGLAGH B! M€ 1GEFBA biTBARLAiEn Ukl lopEAROR ik, SREC
sensor or an acceleroneter for determning the tractor's m)tpl on, ch can
be usedetomddesitions, red shadistaacx Fomrtbenlat tragtvotthy posibon hiythedsictarolf tiheactothe

confi dence | evel f the seco positions are relativel ow. The .processor
of "t he It AogrTgRY tadectr SR TS as PaRFIREADTaL S Be Howet Rt reibes T
cont ai REhtaMRE i tHcOfdnRASE bpefhtibh SvitMEidrahd OMHE bPMct ht@PRied bRhABp&eHSaT
and determ nes the |location of the container 25 operation based on the
fir¥t pupsitions. The processor further determnes whether the tractor is

involved in the contai i g;ﬁ} n of operation, the
operation type, the se%?%g%gggsﬁﬁgg?émF%ﬁm nce¢$)romthe | ast

trust wgoe2my pagihkt ddtailf of hke fpraeitoinvedtfont e dxpRetedr with tlehepndbmed itechel
involved in the container operation, the processor further associates the
cont ai E#Wings iHghignt ai ner operation with either the CHE or the tractor
based he red i . . ¢ . 0;

Fur ther Pt T op (RS 7 bR FEbRmne FERhOH PRt B SR EN (e
attached drawi ngs in which: [0021] Figs. 1 A and 1B illustrate a container
inventory transaction, where a CHE has just



WO 2011/ 006068PCT/ US2010/ 041526 picked up a container fromor is about to
drop a container off onto the chassis of a tractor. Conponents of a
GPS- basedwOroamoersg t racki ng system are al so shown i n treTfiSguo@s152¢ 0022]

Fig 2 é"kg 1P fd Ct%%neF%%%" g‘?ﬁbq%t éé"hrg"%”cton%?ﬁ @ Glek 8&0%8%?&&’55 f”st% 'ed

on a tp I'S Capa ng contal ner-operatl on- reI

events (quwnemt@ gf ] O}HShlﬁaséd aﬁb@tbqudlmstﬁni dre alsb Bh@th onthpdighesn of t h e
tractor, 0023 Fig. 3is a flowhart showi ng the process. inyvolved in one

enbodi A# ofFlg h% Sipent figd b Bienh pp an SY e drﬁt?fstl‘efém@{ffi%mstalled on a tractor,
cont ai t
' %ﬁclpﬂ%gérﬂ%@g% &et%%]czlhg%ﬁt\éﬁl%} -9 002&’1’ LR éx%nk*}?cﬁgﬁﬁlg g'ihebc?a% wakd e

vi bration patt ractor. FI gs 4C 11lustrate
t hr ée ¢hﬂmhmMGnpmmﬁn@fﬂmﬂﬁE&kated events correspondlng 10 to the foll ow ng

t hr ee a 40.ft .or 45 ft contai ner. s been dro d ont t he
Chnce: JORRT fipkador qwardl Jgnite forar e viteh BB pyameanp e ert ont
porti oraefetusrh@pﬁamﬁ det@aﬁlg(c%}ua%e%!agéﬁau&%a%@@cerﬁ@&chﬁrﬁ@ td PRt t he

rear portion of the chassis 0025 igs. 5A and 5B illustrate the
steadyogttm@lbtﬂﬁlan@ettﬁtmqflﬂ@tmcmrh angl e of a tractor after a container has

oot Do, By ot ciE aRB 2R i hes 1SR ChOEE ped Rid B puhy ertfondiing oy

on gt rt@ﬂ{e%llowoiﬂgtheé%hﬁﬁt@)%Ql(l)tf@bfl% fiofRtadidr @Bs b&Inadreph AV me%@sswcbm to
the tractor based on the gresence of a container (or containers) as wel

t he di dtagieed2beMEcontaier danbeeneeppgA @ntorac fiogtpasion of the chapip) ard (@) a?0§hows
] ' d nethod for 20
one ei ?gﬂaﬂlgphasogeﬁﬂﬂrdgggm&pﬁ@'_&% %ﬁf@%&g{l bg@aj%){%fs%m and et hod tor

associ at1 ng contal ner I's a flowhart showi ng the
pr ocesg0025fol Rigd SiAnaah$B ¢liadicnthosteady-sthe dhavgninahy pASs agilabi o rastys hien and
met hod, in whjch the association of containers and HEs is based on

i nf or mEPN@MEF hasrhesh PELAHIOP @& theqhaysis of the fragol] Figs. 9A and 9B show t hat

errgy s 0626?05&%% J IR 68 G SRHRE BRRRL ée¥§ Jefr‘;e{)o%%rr}gﬁ?t%g*&% hlgﬁratus

cont ai ers W t '0030] Fig. 10 shows anot
i nvent omsyalkdsoca artackon whish eieteatsdcammmebperanon\mlaﬂedtdventasuscm“nag itothofractor
cont ai ners anﬂ HEs is etern‘inef r%y ncorporah (;;e di stance of a tractor
from i 8594 the PERSens o mPOpBUIE (B opBmepy€s tiels Yhe qnpacehidy el pantainer
referredd i wgtdrhe di stance-to-last-trustworthy-position herein. 30 [0031]
Fig. 11 is a high-level block diagramshow ng a process for associating
cont ai 180%7|wiltip. FHEhokyy chqanyh@pntngf fhanventory association system and method for
d| s ance- t%-tlnastntgrul§t Fg position. [0032] Fig. 12 illustrates the

i Kély f)sé)gltl%ﬁ% R ractdr at the time of occurrence of a container

Oper at i[poRsgcaupd ﬂ@wélﬁt@tt Jhetviriine GirdBREN in0blvbd éh bivENbSiNicRSSTARE RibveMBry
syst emass\g(c]:{a%gn system and method, in which the association of containers and HEs is based on
information from an event detector.
[0029] Figs. 9A and 9B show that errors in position estimates could cause problems for
25 associating containers with HEs.
[0030] Fig. 10 shows another embodiment of the inventory association system and method, in
which the association of containers and HEs is determined by incorporating the distance of a
tractor from its last trustworthy position (or positions). This distance is referred to as the
distance-to-last-trustworthy-position herein.
30 [0031] Fig. 11 is a high-level block diagram showing a process for associating containers with
HEs by incorporating the distance-to-last-trustworthy-position.
[0032] Fig. 12 illustrates the likely positions of a tractor at the time of occurrence of a

container operation according to another embodiment of the inventory association system, which

incorporates both the distance-to-last-trustworthy-position and the profile of a container shipping



i ncorporates both the distance-to-last-trustworthy-position and the profile
of a container shipping WO 2011/ 006068PCT/ US2010/ 041526 yard i n associating
cont ai nerwowntinobiles. DETAI LED DESCRI PTI ON A. Syst em OveP¢irawn2¢10083p6 Fi gs.

| A and cont ai ner inventory transaction, where a 5
cont ai Jéi% agél C?‘glag\eéglﬁt}‘{ﬁlr%ren 9{@%) 102 has just lifted a contai ner 118 from
or is going to set down a COMETAELEDIBESCRIPTIONChassis 114 (i.e., the
terminal trailer or the bonb cart) of a tractor 116. Let's assune the CHE
102 (a-oystemcQVargew n thi s exanple) has just lifted the container 118.

Duri ng @33 _99B¢ af AGhdPIIS e BPFRBN AT ofNEORERE! Avebry RenGifort Ofndrb 1t
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operator then | owers_the ader 0 onto th op. o e container 118
o6 L R GPEHE 118 g B Shronddd 1o B (TRUMHOT Lo ePemBraihgl Srdter
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spreader bar 120 is firnmly seated on top of the cont a| ner. At this point,
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yet since the twistlock has not been engaged but the tw stlocks are placed
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o9 slaisan R IRLHER bierermaesireent of Moo QB ogtyr Brscdit th oL PPt BRI | ho
CHE 102rh@shd ithis@dcit Q@nﬁ@tnﬁéﬂs&%r tﬁe" @HE f& cil@lRSHII6 bd LidfoRel NB o, r@iﬁtépersjdltﬁ
the container 118 will be susp ended D% e twistlocks and thére will be a
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destination and sets it down, the spreader bar 1 will once again firmy

seat olacEpnigftwisHECk Byt raAngeIBeir wiTUSH c12r.i e F unangagadiite m@ged:dn&ﬁ@tall

sensor e tg nt.act
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Subsequent |y, the tw stlock engagengn
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container, which triggers the twistlock contact sensors to change their

st at us tlh;rac kwillob¢' desraadh edf beWﬂ@nOﬂdE ppadat bar { P&nndohedon o thq:)rcemdmer dag; 120

away, t tw stl ack, contact sens e e tat us as
oy me o ol e Py ATt skary AL R RSt R ERR B e e rhrastod pBUROS e
unti | tt@%tlﬂ&%&ng@@&ﬁéﬂt's%che[s%ﬁ@]:m&ingas “tbAvab&O shows a GPS-based |nventory
trackin stem in which the CHE is equipped with a GPS receiver 108, a

corgfunil Qﬁ oanlmm tthelﬁleaHHZ mopeo teseataing4l 1 8ThdtsGHBting R andf pts ﬁeio“élq@hlﬁpped
wlthtvmstlo |nstalled on hesr er bar 1 edded .i n
the bR e S0P o R nFfOfkal BR (BB P IAE ComBincd 305 nEFIEEESH chd

equi ppegisibeih c@ﬁtabm@éﬂsbﬂ to change from “detached” to “contacted”. Upon receiving this

information (e.g., via visual display), the CHE operator can then disengage the twistlocks,

typically via a button or switch in the driver’s cab. Subsequently, all of the twistlock engagement



10 neasurenent unit (1 MJ) 110. The processor 104 processes the nmeasurenents
fromthe GPS 108 and the | MJ 110 to provide position estimtes of the CHE
102; the wocoas®e68104 further conmuni cates the positiomrCediSeomaneszas wel |
as oth i.nf o “ 0 t Wi ok ght
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shown iup tbirglecaskAthe odﬁtamrfwhihheflggb"rm&s&astlo&koboata@f ealsbﬂaeto I’dhhﬁgeath%lr status
information into an inventory 15 tracking database (also not shown in Fig.

1A) . Sibak &y Tdptached’s WBMH%Omr@tor then mewes theyrenden s 129 avyi pisedt sty GPs
receiv i “ 3 and
he pr o bdioqDabhe hetor kEGTRIR WaLL AL Mgl ™ RS (LR Bt tn. 2

t he Mreasurckesenmginfas GstiggGP 2 theanedtt dpeeatidd) 132. The processor 122
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schenatlc structure of the tractor 116 with the chassis 114 and the top
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view of 25 Fi &Lﬁé% on the rear of the tractor 116. The fifth wheel sensor
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118), the weight of the container, and the | ocation of the container on the
chassi sstipaes wwl]basaoth@w@fos’mh@atodhc eyl srqcssspy@otshdwtl m@gtlB)ong whi ch
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different fromthat caused by setting down a 20 ft container onto the rear
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information such as the height of the coupling, the position of the king pin, and the status of the

lock on the king pin.

[0037] Since shipping containers usually are relatively heavy (even when they are empty),
30 there will be relatively significant impact to a chassis 114 when a CHE 102 lifts a container 118

from or sets a container down onto the chassis 114. Since the chassis 114 is attached to the

tractor 116 via a fifth wheel coupling, which does little to damp the impact, such an impact

causes the tractor 116 to vibrate (both vertically and in the pitch motion) for a short period of

time. Furthermore, the vibration patterns depend on the type of the operation (picking up or



whi ch is capabl e of detecting container-operation-related events occurring
to the tractor based on the vibration pattern of the tractor. In this
enbodi merwg 20hieoeos8nt det ecti on apparatus i ncl udes a l15Pp¢rhrsatioomisdet ect or
202 for £c |
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at t aché&d® r separated fromthe tractor, respectively. [0039] The

vi breat iREWetBat@ondRtehpr detecting and nmeasuring vibrations of the

tractor can be a sound detector that detects sounds caused by the inpact of
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determ ning whether the process is in a recording node at step 304. [0041]
Si nce @pbtam@r drep Qfémstedhebyhaaﬂs iMpeecipedibiealty the @@tﬂlmrmcra@perrdaﬁedm@mmam y

| asi, for S S 0

vi a5t e B IR St D Bt TG S e R iRy 4 Bgro
real - t icoBtaficPaRpSH At ee frbt@ ofi the @hdsom, @@S@h&ﬂﬁéﬁn&lﬁ@rﬂrbp offesitgd eghr 1o the
process each vibration neasurenent in each processing cycle w thout

r ecor dicAgsstshet)vi doniincs mickersinrtearadde of Wetchessis CoasSharReRRtainer pidk upt tlrehe
br at t 0, d di

\d“evi seg% r% or ?ﬁ#éﬁ%@? p%}sdgféind&%%g (ﬂgglﬁgrvgr I a pgt tﬁg.srgﬁ of. ercgg%isd :Iﬁ%n%

I s usednibodinnghit,¢ht evarnetpaecart fuetheemolude n@asms@ﬁga@n&ﬁt anLBCIQSSmdntseng'Egerﬁent

BooI ean v bIe s initialized to be O (nmeaning not in a recordi ng node)
éy@g rtﬁchér%w@elnm@a@]edrzépl‘erepﬁrr&drféorgr@pﬁw respectifelyBool ean

Va“ ab' [6039F OrdeSviBratioh %%thlr Qﬁz R4 din Eﬂ@nf%'éﬁﬁ’fﬁ%svﬂ)rﬁtl&%t fi R ﬁaﬁ@ﬁ@i@&é’g
node and the processor w t hen procee% to step , ?’n e process
det er manesundhd¢thaor dhateddeds ngumdsd eawshd Uiyd thxe impant@‘ijabemmdnﬂn opd:retlon an

magni t ude . of t 5 v tion measure e cu vi bration
Teasur dhiggtomb ity afatideity f8 il ahgfor SR EFotanhsinht SRR dngs ders 4
pr e- setycitthPebRb oStk ekRE bhas@Cudy B %ef%f\frﬂﬂmlb Mﬁhn@focﬁﬁ’é}{ t%' tA€ground,
operations), no events are determ ned ave occurred and the process ends

and3haiah gngeer mh@om sstsopihecéstgithiic pyich enationif dhg trrtq’c@rrpts te E\/Imafargalrudes ahe
Pr OcessaI er % er an(i/ Pé"}{ ar{ %lacr)cc {onatna f Cblr(:"ne(:g(01rt2 4 g’acq Ctl Q[nm%f a

vi brati 8?1 e pro 85 n Can" Ve set P ? %8 P?‘ran)
t he r atyehefer taheoﬂfmsﬂ,ldslﬁmamnslrefamnbwm heék ycatidren bd@ﬁe@ﬁ )1 (@ﬁca@@%ﬂg@laﬂ f
the rate of the nmeasurenents is 0.1s, the processor executes the process as

shown |Vrbrrﬁ1<§18rseaé\rréﬁpyohewb@rloadrﬁe@tpr%Ofr onger. [0043] If the current
br at {
! hr eahd Pt SR ol haf B el ot s Shclie oy hBOELss oM AR IR RAEOEE,

t he process determ nes
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25 that a recording node should be started and proceeds to step 308 to set
the Bool ean variable to 1 (e.g., to set recording node=1). The process then
stores thwocorrvmmicsvi br ati on nmeasurenent together w th eChars2emiersesat i on

i ncl udi rren e sur h Lr i 0.
subseadent] § crrurirh L BRI pLANERIRR R, THE et WOFa B FAER 15

pr ocessibigti@ydkasukandit difoin dgalibraddn gée@oB0®2 at3fel] O 4]d ddterdiinidpeyhedd4 thd he
process recogni zes that it is in_a recording node (e.g., based on recording
mode=1)PTOqHE i} BEweuding Bode 2k 4@ A rent vi brati on neasurenent together with
ot her B TS0 RRRINISAGYS SHEH 654 dnfaiftf iAo )ushlf) 1oes
current[méﬁleneéét&g#gp glg.cg%ﬁg roces %Srﬁ?hgr (g)lgtaélfem'ad 6s \I/O\,Eeqtsﬁée‘g’ taEe ord

vi brat isbort pasodeftihedt andctdesiratde tar dillegt tho dibratvauhcistremendan thet wisile peiddd .

In one enbodi ment, the determ nation.is sed, on the vibration urenents
VD 201 1H0DBOEBPeHERB e ALBTE RIUGAHEE 41 BV HORP R HIFEENS fan Begesiene
bet weeny hid®sy(dacd Mitridd MBasurentie e eatdhrf?oées&iﬁg P8 c GHMOBNccbidiR; MBI ibkadich t he

pre-defined duration. That is, if all of the vibration neasurenents
col | ectresdsiemgrieninttherpracesy shantin kg 8, dieevilrptions maddueamantaare aeqordeddatlithend

threshold (e..g., threshold end), th rocess considers the vibratjion has
ot 1 o st rREaToes S, i oo TR RS B PG i bR <
resgy tirb@rding Rod), @Aiscdas iiddit e Whethet kherecod@EOMING de8desPhot. IMhist BEolean

vi bration has not settled, the process will not end the recording node and
si npl y vaxphle ixigitighized tode & (Reap@gmopinorisselidig B9dd) avhep tha wstenplirss stags. 302
again. 5] i I . S ] \t\\S 4
and ¢ nd0 P e S o B AL IR PR § B b B0 0 PR Bt
det er migiest imaatdreding noietaat niey propasat widhthee baiceet @waapt 30K0 ihakich il pi@dss

based on the coll ected vibration measurenents at step 318. Further details
of t he dgtsraigs pdethsh aviiesqrdng medsctiogklbg at@@?(f QiR om; e napenjtpdepf igeqiirent

det £et Ghbrifiord hitRsuddfon:! NEHRIQARSyBAMhMESulthot} EPrel@f o LANE e 5t Shhafied to
report the event together with other relevant informatiorn i ncludfng the

t ype ofthdnhthreshehlt starida tpne-s¢ti theeshdld eleetetd rsedionettic thmirowe iembodofremdtainthe
process creatgs an event(%gble to record such information,,k and at. S%Fp 322,
the pr GBELEOR)1 1O PEH g delriminqd; RPAhOFHTRS didethgpeoticst Siiflse oV #iEsclor &g he
new y qgkeplbsssmysediicle 1o sthit Grdh %Fe%sﬁ)zdﬁ‘%aﬁ’ﬁ.rﬂ"l{be?rob&%ingt 1V {sDdedttd @BcibrSat Ot
caused by a container operation, it continues to step 324 to discard the
col | ectieduensadarassmatdeaidont hena vebeptian. t dhomracessorg cymde naxbe petdbessinpgs doe! e.
[ 0046] (Ref er.ri back .to step 318 ere the proces t erm nes.whet her.a
cort AQTEspUbal PsrBE B S0 L08R b PRy RS s s BB TSR 2
at | eashe meXsuketR@is B30. BY @Y Sroc&lorfd:@Buted redfroddst WS SHAAHLINtFIG. § V&l dhr@a i n
these six types: (1) a container drop off in the mddle of the chassis
(Fig. 4itfjelopggr. a (short) container drop off at the front of the chassis
(Fig. ( t): ' r.op: of f..af t r chassi.c

(Fig. @13 It % i éi%%f%f*%? ¢ &E%e‘?‘ﬁ&?ﬁelfe;%“g%’?’eﬂ%ﬁ G Blak g?%n “%?“eiset
(shor t threshlid), imglicaphg k likplikdodt dtea Eonediberafpetdiionablatdicsentathd fré6jcsadétsimainty
contai ner pick up at the rﬁgr of th& chassis. In _another enbodiment, the
eveht thg@decosding madsshoyld bestarigd and Reasesds te sigagofdn setihciBeplsan yariable to 1

di sengqggir,r? Lset E&%%&L%E}S{@(}%Lﬁ).ofhéj bgn{c?%seﬂfen E‘s‘{é?f_@{j they B&derft AHB BN hAShidmehP

vi brate erently, ulting I n erent vibration patterns that can be
used t doghhiee mribnetheranfoomition helwdoguthe encenteheanmeasaramdntitndthsecutest tippet of

oper at RBR 0 SHiGUS o r SRR s R eV TSy e QBeBars PR M a-GRE Fise oo
by a pit§kiaRAghiR at step 302.

30 [0044] If at step 304, the process recognizes that it is in a recording mode (e.g., based on
recording mode=1), the process stores the current vibration measurement together with other
information including the current speed (if available) and the current time at step 312. The
process further determines whether the vibration has settled and the recording mode should be

ended at step 314. In one embodiment, the determination is based on the vibration measurements
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30 operation are distinctively different fromthose induced by a dropping
of f operation. More specifically, a picking up operation requires the CHE
to first wendideosspr eader bar on the contai ner, then emgAIS2010041526
twistl o ) ifit t . wWhi

o 2585 AT | BRSNS B Byl L8R PR D8 Bl ime

c has Si and diis elm;ageieﬁhai duwkgon. dtlsis, Had dfhmlbtahlbn Tnlf@sﬁblﬁleﬁt@ ebllduaed bpwadd
As aresult, the difference in the act

2011/ 00BTesPerd tisEgroy alk i@?@ersté%fheﬁéf‘ed?ﬁ@étt@§5fml4 {eeg ethres8pldngiid)r B8 ProFephe
vi brat iga.at HR!ABratBHHLNGRIR G R FREBI 46! Siop 0G4 SR Yhe BESHIARTRIA0LP!
the vibrations depend on the weil ght sl ze O e contal ner an e

| ocat i eesctfngtthe B@Oh&'ﬁﬁlVBll&ﬁbltﬁ ta @ (i.c. tﬂeeondurgdhmdet())elffthemb;ratmn halselot satledfthd he
chassis). Thu ntnl t he sﬁgfatuges in the seﬁuence nltuq

fr equeﬁ&?ﬁesﬁ‘aﬂbtlﬁé’n GFOr gI%dn BRPlyFeEs 10 YR ok Sﬁe?ﬁa"tr?“é’rs g GrlS P i s
col I ectspek Aurchn@zagsigcordi ng node), the processor 202 on the tractor can
detect whether an event has occurred and determ ne which of the six events
occur r ¢804 0028 tha vanetienhwdictedt(as titernevedhet step ed4] anl e reccdmedmadenp oys
pattern reco ion ni gues |a At the first stage,
Phe vi rat o kST LACREoRGH: tef diretiiPeyRERert ETRRrmeParbiiE S o2hP

pr opes $186l obQurRXtBased o igNasiced s(ﬂgﬁn&e aledi@sheitthat si@p 8138 OFirer RIBRNE afitve of
the vibrations. Both tinme-domain and frequency-domai n anal ysis can be

appl i edeteimingrion el be dessuibed faserivith Figritt Han @yeptis detsictedvit aigp b ddk preesed
tinme-s I p i C e I a

speot r oonEsFyE: Y8 QP BGP SlentSTE RO RN ARE, SRR LSaRtoh oy B S Sfetevant

tr ansf @ﬂifm’rﬁﬁtﬂ)lﬂ incl@dingahel typo pif thrasaenisdnadt ths tinkahe eegit 86&ird. Ine@h:mnquﬁsment,

[ 0049] At the second stage Lhe extracted features re in ut %o a i

pr e- dedPGPIOECE| CARATS qnetave(lbtab togiccary syeh Myfgaagtione prg at %Fﬁ dhaggcess vilk

vi bLﬁt 'tl?é?ms RAL hefk Ef (f  §& %@%@gt &b 1BYiot REoAXMhE a@tﬁr}d doRRlr &%Iu I RtRe gﬂgcfeg)g‘

ei ght ses, inc ng Sl X asses corresponding to the six type
eventsde@nsmmeﬂmhﬂﬁia&sﬂmepsae@mﬂmmgbyhamnhumempﬂBUMastomﬁmmc@domanﬂlhn)
deci de" ion. In another enbodi nent ,

ei ghth class r ntin %

The ol sbeieitbr i fop@ et g Wttt e S HOSREnG R en o) asses.
i ncl udijpee hq{&‘eﬁiﬂ‘g BARS &L StdpENI S, O%QreaﬁféVﬁr&@@ H¥RriinaS SeRtf@r a tdogtalVe-
event types 20 chassis engagenent and chassis di sengagenent. In an

al ter n@pwéoemj@idd weent hap nequered. dh ook agdodipiang th¢re ayd Birlgast erx tpam efrqvenist o a

defini td. I i.fier determ.nes t.or

o Ao AR DuyshE B BRE bR In GRS HTARRS 8D s R e oo S0 g it of
cl asseshe thnsyie{FignoAReD) erdheet) FBithinct B@p 'oFAR the dR%mik dﬁthecdh@ﬁ@s @g 4®, (3) a

di scarded and only the remai ning seven classes are used. The design of the

cl assi f(short) jcontsines drem offi Hrthe irest efatha dhassisediisd?Ch (Ek peonieaigr igsupie the t he
associ ?ﬁlﬂﬁte%\f Shalf és(gj‘a’mortﬁ&ggﬁg u@céﬁ? Al Ih%aﬁd QR HRCHAL IV ERd @”a {%ﬁ? ; ks

for the classitier ign, ogl C, usterlng, neu

(NN), SGMtﬂmrg&knqughmEQSOfﬁﬁNmaamdIﬁmnmhafmhmﬁﬁhmmnﬂﬁasentg@escmﬂhm$a~
technlques and the processei for classifier design are well-known to those
ski4l ednglvda ¢hassit eneanemer and ARsss JRENEEEMERNe| uded in this description.

[ 0050] [bﬁhﬁn%\t&ﬁfs SRR ERNLvent RGp&RVERLe dEHEGH! 98 Vibraf! 8RR BlyC 3ultiy fh

dynam ¢ nodel
different Vlbratlon patterns that can be used to determine not only the occurrence of an event but

also the type of the event. Due to the fact that a picking up operation and a dropping off
operation go through different operation processes, the vibrations induced by a picking up
30 operation are distinctively different from those induced by a dropping off operation. More
specifically, a picking up operation requires the CHE to first land the spreader bar on the
container, then engage the twistlocks, and finally lift the container up, while a dropping off
operation requires the CHE to first set the container down onto the chassis, disengage the

twistlocks, and then pull the spreader bar up and away. As a result, the difference in the action
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30 represent vibrations associated with container-operation-rel ated events.
In one non-limting exanple, the nodel is of the form(t tt y ,inpact,
Lznpact y,wO-20ew@nié8 nnozsd where y is the vibration sigmal/ush@y/ours26

measur | S..t t.ti o :
vent veviehg Bl FEEETEvidp s I g plbionpanepy, Forigmgyey e pagniideng
nmode stiaqtiScy, dpaaiing 61 thee/ibrap@stdechoiden theevdighttang st-erif shan@ntaperaat iton
(or chassi.s engagenent/ di sengagenen act is the (equivalent

ent), ',
| ocat i 6PFagPn tHethf ngoataingt o €, the V@dét?)iih@é%ggswcﬁl‘mﬁzbfé/tbm@%l%n s by

repres - b ' : [ ; '

| nvol ves b aruTRARUARRRR L QulERe MRS, 0 g drtgRy i BRELn of

t r ack orn-vbagen patyss (vehnichindeadlldetad idfiying g revodbhg padadtegrrecdsss @d2 @n thatractor
col l ected . in experiments ere the eyent types.are knaown. Since the design
pr oces $3% B CH A Aot B QCuErY and el PRIDETLRS T SHentORHE ¢, 1t i s
not 5 qgey| ! badohd) cABb@inlenef@l Bvent QRRHioWak Ntdh8 19T &nsl6)LHak AR drecbBGEtion t he
event detection at step 318 then fits the vibration measurenents into the
nodel tiechngens iviay a Evgetgageniprocessadit Bhe sightvitags, tthe vitohtiawimegsuaeuertts eatlected

where yn(.trtevend is. the vibration negsurenent, at tine ti. bseguent |

the ev g oSHeeetrnh " frofs B 596 Toro M EL, Rt (br RHERSHURR e
cont(ri RegreRpeitiat i gMthceldtRbneVBbih hiak-@medihred ftqidieydopant ahay6e dani be" t
is larger than a pre-determ ned threshold, and the event type is further

det er maneliedy adueh wsludadus pgnnasflinmtedate hadoloreinRocredebhaset tirherserigsz@alysis,
¥ = o . OCHt . .
o v ¢ yriacipe RSy abalb P QCRA Sk B SPechrytibfhals3is, Bodiofl BEFN Mhalor,

of t he RefwissilFoutibetrawéorn dnddtchsardaiodlintdrshtigtical EEgaessiont@hnguedr op of f
onto the m ddl e of thg chassi s". {0052] Variations to the dynam c nodel as
¢

vel | ad0f4td ebehe seroneetpehbayEs driciies aimanTido soderceardsdsadicetariangl by
LhORe CLAGHeN Wilith Ablsiry TRE IR fRrtehd I EAYI BTG ORARLA €A:Ofinto

built, one ftor ®eac several event types, vent detection step
318 camntiof cight claskasainchnlime aisurlaventardsporalieg chthef sit gped yof arvents nodetesthand
conpar eclatsg ?ep&eesseilt?#ga‘lhag Lor %{fgn't h-!;g 800%?96?1! aIE(P a?i'{ eighth class representing a “can’t decide”
decision. In another embodiment, the classifier can classify the vibration pattern into one of ten
classes, including the eight classes mentioned above and two classes for the two event types:
20 chassis engagement and chassis disengagement. In an alternative embodiment, instead of
classifying the vibration pattern into a definitive class, the classifier determines a likelihood
vector which includes the likelihood that the vibration pattern belongs to each of the classes. In
yet another embodiment, the “can’t decide” class can be discarded and only the remaining seven
classes are used. The design of the classifier is based on vibration data collected in experiments
25 where the associated events are known. Various classification techniques can be used for the
classifier design, such as fuzzy logic, clustering, neural networks (NN), self-organizing maps
(SOM) and simple threshold-base logic. These techniques and the processes for classifier design
are well-known to those skilled in the art and are therefore not included in this description.
[0050] In another embodiment, the event detection at step 318 can use a dynamic model to
30 represent vibrations associated with container-operation-related events. In one non-limiting
example, the model is of the form: y(t-teven) =f(Fimpact: Limpact,, t-tevent Mnoise)y Where y 1is the
vibration signal that is measured, ¢ is the current time, Ze.. is the time the event first starts (i.e.,

the time of the recording mode starts), Fipac 15 the impact force due to the container operation

(or chassis engagement/disengagement), Liupac: 1S the (equivalent) location of the impact force,
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20 renders the snmallest residue error is identified as the nodel
representative of the detected vibrations. In sum if the inpact force F
wad correwpendicegoé8o this nodel is relatively |arge (i.ecCT/usangerisehan a
pre- det ] ne h hgl 0 i --Qpe Lonsrekha nt g ed
in st eﬁgé %O”éneoér? #gl%e@lgﬂ%watsﬁrpegnei%s %8§§ %rﬁn%néegg%lsggsfc;l} pgle%l Icl)?r?ﬁr{fés%géri\ ilﬁg&? gst
thi s paktdlopihgra model strdcruraddisdd om phosipabr elid trh oo gitistis astamdandd tiehtifying
mat chi ng techni ques, other nethods such as 25 infornmation-based al gor.ithm
cogni t iMsehpaaRcierysssd pvflata sollsctddn sxpaameniyvaeredhmesat ey 318 &80V8: AR yze
the vi bratians Ridst ordgiReti | R ARGHAN RNHoS! 3kifdd SHERE Sut, [iPOSRbt I n
one enbé%?%%%?, thggé%eﬁi é%ec?%%%ﬂgﬁﬁ evgﬁ%?&pggggt%gﬁinat%on’ég gtep
318 xanlesdribod imdadiVercmnf i rm ng the event detection by checking with

previ o ent .histories stored i n event table. For ex e, in.addition
Po L e Bohe Wikt et ogrl, BeSre" SatirPuret niep 48 THE hushe B s
st at us pfasbrchts 3b Ao mbM k& tHeRERL,, COMRINET , BNRAARE thedBRow ABLALMRIN: | N the
m ddl e, one container at the front, one contairer at the Sack, t wo
necat_tihe front [AGH, WO 2011/ Q0606BPCT/, US2010/P41526 the ot her
at the back)>?%i@1 I%W?ﬁ% cu n6 {"eve t%%éggeggcf%%¥a§%é%’otainer drop of f
in the niddl gretiandechadéis fg.@umcb ageani1hbeino ¥tagd processi ng
descri bed abpve), tihe pro¢es$ then checks the status of thel tractor as

recorded in ghe(gevent table, ich is, ;the status right befijofe the current
event. If the %&i&usthQEnpt f@ W§méVéHWFG@Igtt?@ﬁ“?é“ﬁﬁﬁt‘*r confirmed and

the process can add the 5 current.event to the event t e and, update the
trachor ot attEns griighercanti AORHIGT CHasHPBETIGa. (8 o BrNGrTHARE S he
stafus of tRetckliGiEhtodtep B14 R&cAMIBRY tHafRlcBntafer-Op@atiNEREOELEvedt hhh8cdubRatf |
the current event, which is detected as a contai ner droF off in the mddle
of the chasshsimpstfatcardimhavie ihrapgpbaed predabhrmaned tir¢shetd, pndithsatvest e her
t he previou vent or.t current .event,.has been det.ect wrong. ,The
brocess. can TP ks Spid iR 18 SR Feter i ECLEFHEERE RS RER Lomes Bt wo
10 events arfahplaFIRS fnpdeefdred VPSS, ibin thRQIiREAGESSehity &nd therlegidaidfehd he
detection decision, it may mark both events as "can't decide" or add a

conflict flagPtd both sRPPIREHatY the copigy of dhpuewssis.Abaieeent Hipmis Aetcrpied ey

opefat or or « . i i ndi yi ify the event types so as to
resgfve t he ggﬁ@%?%f&%FgﬁgﬁféPﬁrgwg%?¥ﬁ%$d%%§%dinent, the event detection
appar atj0@523 hoviariationftgthe2lynamicamsdeli asckeltles he @vestpdecttidetbasidosn fherdynamic
providi ng informati on pertaining to whether the tractor js at near-zero
speed FRReL BGF SerEnIais s thoss REHS] Hethe gy SPhetemype i fipls-dapatcerode it
typi callYoufiflote RECHEN YNE&RtNE chf BHEOand theSh@RRRLBbn @e?’@?g et APREdibrhiiéh
processor 204 can then collect vi'bration measurenents for event detectlon
when t mecasypementd entechdr of thdidyatres mbdkls artvkcdmpact dre resdedt] emess: The nwdshthed

i ncludi ng, zero s d, By,doing so,,Vviprations ocgcurrin en t tractor is
ovithg rodieh 1, SRERGH st tdd Solefithas 1S aheht "HreRnb e o B A e

road divgritidiNC@SsunAnietRXelpdetefrcd 78] ebYeorRemnidig bheiswabdd aaekiafvelhRirge
processor 204 and further enhancing the event detection accuracy. [0055]

The spéid, Hegesdhay a pandyernzingp duesholinsd conthiaer-eparatean-selathevane &8 détected in
tract Orste% ﬁ%ea%% {0 devent type is determined as a type corresponding to this particular model. In

cont ai ners (

addition to pattern recognition and model matching techniques, other methods such as
25 information-based algorithm, cognitive-based algorithm, and rule based logics can be utilized to

analyze the vibrations and to detect container-operation-related events.

[0053] In one embodiment, the event detection and event type determination of step 318 can

also involve confirming the event detection by checking with previous event histories stored in

an event table. For example, in addition to the event information, the event table can further
30 include the load status of the tractor, including no container onboard, one container in the

middle, one container at the front, one container at the back, two containers (one at the front and
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the processor 204 determnes that the tractor is stopped or al nost stopped
if the speed 25 neasurenent is at or near zero (i.e., smaller than a

t hr eshol dweueti/mso6®. 1nis). Alternatively, an average spe@e€u/usanoloel1526

cal cul at e Sur. n I i od
(o o HEOAR: O] e TRRERMERRVERTE RSt hoh ot B B8 EAR R kTEHERE
time pehd dpsiafch.! fisepowdrasorstpentdddany skatibéheboveReteqirotss ﬁieﬁrahecﬁksolﬁe

al nost stopped if this average speed is at or near zero. Alternatively, the

speed dBfusceloihe deator pairecorded wehe cyeitablenwhich 1p fe Hrlys aight hefoaf‘ether%fhets

the t

ot ect o PRIrEy ShAPRCLnbe,, hERuARYIBAS) b BhingroRHm AP RARERHhcel\Fn RATHE
nov ene rtirrerdt elvlemat tb Iﬂﬂﬁ:df\@:nt iahtumdsipdat altd tvadtyr sated {o “(coonp@nedr inahe heddlepdnt  of

cont ai ner ations) but sistent vibrations,. the measurerret of,, t he
accel erbneEr et JuBt staths S e FREOBAN die SRt RRR i Fans Pargr Fns duBheditr
at nearyABhtQveRe Shich st REdaldl 48] Yont@ferd Mop GaNinb@e Ysiadlel dF RE 3RHBsRT cdlle not
accel eroneter. WD 2011/ 006068PCT/ US2010/ 041526 B2. Event Detecti on Based On
Changedavqh@ipentd. Augh e copfdessididiaysithentha mecvimisi dvenisarrthe eunierd eeentélap bearh
rate s nfotr t hat n be used %s t he vi %at.ibon. detﬁct or to de ec ﬁ\}l ons
in the%ﬁ Pie YHEPE ol IIHOFR C41) RED SPTRACIAT YibEALoR PR{eiiy SO PR n%

bef oy e caads eﬁ& e-adsBe bR tAbdsOTfSthe PAgeN 610 t6 @SN HRI detcthioR/letisd, Rirhdier
alone, or in conjunction with a device that measures vibrations as

descri e JQP‘thrﬁVﬁ%ﬂe ¢ant tglopidg” onaddyy @Qﬂfhﬁﬁla@éﬁb@’@t(ﬁ thesmsuit manECqED dEsdor

206 on

Coveye IS BSAEr S LB S TR BAERE dARUTEARIR ot

based ol ¢difliqt eady- st ate change in the pi tch angl e of the tractor instead

of (or in addition to) the vibration patterns. Is%f 5A and 5B to ether
show t R0 eday-Brtaeremeegigenti the sy e KetgRtgmeanprtatys showgrip it ercan @l Sﬁé%C Ipdsen

ut 4N ,ty an
(- | Dadefiatcts B PRH AN ntbiflch 3elihing T4 el MR 1 LAAELHl Joid
cont ai merluding zénogpeatl. ShEe rtilejebreamér-dmeatmhasletesl evBute typocal lyeone deput wdikn ttie

container, the |tch Ie of h tractor .jncreases fter a.cont ai ner has
been. pUcR 1} SRS AHETGHAEBPet dhe PiEctPERYDFT 1 cobts) i Breuraent

posi ti v eb@lm%técﬂoﬁ fwneal the hsfp@éw lgtcafol hdibhes YidRItRE | 'tﬁ@t%r have Retidredpeed
i ndicates a container drop o operation while a 15 negative change

i ndi catietuding metaispesd. Jyc Idgmgowe rdbiatons P h@s‘rlnetwlmethestm:ton lrserrwrvmgesasg

i ntegrates,.the e col ecor

it QUER B By SR g B 38 diklo ha, i R0 PRuRRS s, e Wiist
pr e- detidrgbyneduting esd dlogklsQy 6eﬂiaqﬂd¢d@gortm4tahe fiirAENtHRaGEian g avenoat@tiey
operation could induce), a container-operation-related event has been
det ect @ﬁcufarfh’e operation is a container drop off operation if the angle
change o] t.ai
s mogdtfSR” TSPl g PR EREY alsGEpPHRRE HhosSlhel ine BRI B FURE
tot hetm)r}mﬁesmem%deﬂemﬁ]he thanthai trector \ihisalpped @ slarisi rs&aqbped fieahe Q;beéd”le
wei ght of the container and the | ocation of the container
mi del e MERPUIERENY I8 GHOT NEAT 2510 tife SRAET BN HBreshold spgh as Qdal/%)r éﬁtﬁmatwely, an
i nfor ”%%1‘3%% sﬁee'ae@cﬁ% Edl n%dlﬁteﬁ %agé?isbﬂ % %ﬁ%ea %éa@@trenie%%ftﬁlﬁ d Ql% A P0RY it of

t he cont ai I'n one enbodi nment max| mum val ue of vi bration
t oget heeriod (ehg t hewdﬂl maieteotnis dtic ¢1hrfenvt1meamd(bh 1s(bh/h|duntlom aif ﬁwttese pbreod) raaqmlefrlcy

and danpi ng of e Vi are used t det he | ocation of fhe
cont a, AErceiT cnbe el Eht FRoinsY Repteptment omlar ChauRrpenged dpal O
desi gnedar 988. f Alicrhfif cHoNHA §iRed Pd Gt cé&P%@iEét@@ RR poligioRt HRI tKOpHrddags
contai ner drop off operation; each of these two classifiers further

cl a¥ki fdﬁesrntmetlwﬁeacmrmﬁomﬂdof theraser pdsdtipds p@f(ﬁsrpesl@dnﬁhmg)e@cb d@thetmc baneadso

Bg.::hbla% ala.gaﬁ? g %:rﬁﬁllsete%f SSEa![TES H%’)@?O 58! ﬁmce et rlillgvé:mhgn f %he trac’[or c? ces e atltlev%hll on
small (compared to the impact of container operations) but persistent vibrations, the
measurements of the accelerometer allows a determination of whether the tractor is stopped or at

near-zero speed. Alternatively, an IMU can be used in place of the accelerometer.
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[0058] Figs. 6A-6C illustrate another enbodi nent of an event detection
apparatus installed on a tractor 116 to detect presence of a container on

t he chasswe 2asl/0md68 as cont ai ner position by providi ng acrassuoewesas of the
di st ance bet n nt ay ]| r tai ners 608, WO

2011/ 0060685 Q! g%‘i’éﬁigfg“ﬁg%fl??%% 116. In this enbodi ment,

the evgoosefetidgd.isonarppBrilisteatd ned oftke piteh ms@saefhapea&i bé aseddst e tvibratidh?
f or detecting t he presence. of a container 118 (or containers 608, 610) on
\4

the chdSErerie dsicrevibragons in hetritchanefianoef the Sipctr iy veellsisat gRange 1hths eﬁ% as
wel | agy, e%e?’&?r%ﬁﬁ DR WREN i BrBGorkONT AL gﬁEh l%@ s@f?sror CARR W{I}%Eiselélgﬁ alo‘ﬁé%r ﬁ{‘d
the | oca is container-positi etector ont tractor,

pr oces sonjub&ibnf with detcetkithy most@s véhratdparatdeserited vaitle cespaot ind § 1g)dc uWnuhrEg to

the tractor based n changes..in t e stat of .presence and the dista
bt or 6 PUHBTAT SaRok AR TRAngE 206 prehSiiat BlpS S g8 e R elp bis st dr g

I nst al edpacl e thd 86dnpdefbéfion ha¢icheht ?ﬁ&d’@tregﬁm@@&i/ 8t Llp ﬁ@%@'bﬁséﬁl&i the

exanpl es of this container-position detector 602 include a radar system a
LI DAR (teaghstaPettaogé on therdtcReanglanef) the dractor tingigrinofc(os émgdditiomte) the oametian  As

10 ill t f th t

tvo coltipbdenga +85 5 i shoy hhESude SRMG M Dlin AelbAlipt S50RaEEF
det gLt iha§ bBBAPS SHEtoPCIfStht RBaBRNSfahe @lactbL 8FiE OF AthEwS @it Bhdier wﬁmnain folged
front of the chassis) as a target and provides its distance to th

cont ai wBpssprasgehrdeodernkFigr SBoRove thy. tracker witle a centeingf siftie ltnrtaeeuiﬂdlmé)the
Techni gyes;f ‘Hue' B%‘e'&éﬁ Ft?of HIES RO tﬁé‘g%h aﬂg +]f°ﬁl% ﬂr&@ fﬁ%as o and
ultrasonic i mag as 1 nmge proce niques 15 use

pr ocessostaimer aas lmg@at 6@ top&bfh’hé aliaspi lof eiseetsacadraFige 5B Kihersfort.ca pdswtm dhlangd ed
in the art; therefore re not included in this description, [0059]

Since 4" #karitch @B&Iteéiftﬁbﬁhe &tcsa%&mthﬁée $Stibet Ingicaich a cepawsT arop oL gk w.ne«‘olelfﬁa t he
ConfSa' e atlvg%hﬂé %dfé%?ﬁtceﬁtaﬁ{epﬁ? g érhﬂgl tTfPﬁs R &R @qg fﬁfe p@occelékofnrt [grates
cont ai ner 608 at e rear, It cessary t'o require a CHE operator to
al ways tiupiteh sigde Eol(l@tégi dur@ 4 rgcoocing aader Ifathe mtmgnrtedﬁ obfhet ¢dhen@dirc hagdsiis
before putting a contajner at the front. and. t s pick up the cantai ner
ot the e Sire M8 Rerater (et gre dpieekingg bisShdly Dhtebraie B e REyR "5y
enf or CicRghRUg NedhtRR @t B8@htiort REulA ﬁﬁiﬁ@@)ora U8 thinBRdpdraticieRaRle eeéntd§5se%émg
all of the six container pickup and d iP of f events referenced earlier
based dlntertsd. thfanvgeratmn tihe coutapm deop eff, opstattonsif dlic prgle shewge sfposhiere or a
coné(jalnert Qs t %ﬂh For exaQ% { if the status of presence
changeso?%lr?{ P “Pé’P&%‘ﬁ"n% Q?%%J%%l%angféés 8 ¥he distance is small (e.qg.,
snal | enodsm@n Singuact @igrifudt E kRS engdleREiADe, refutdse@Uhamdriiéht fdrcadéd B thd )

contai ner has been dropped off in the mddle of the chassis. If the status
of preseneEcshuhighds frembingsl effecietthe aveighirqfehe cap@inehanditay Jasetion of the

relatlv e,: r f t he
Chagsi COMLPEE ip By BRde, SRR o A REDoFIIRAER JadMqn gh BRliaR
changesicédodnif @ iselesité¢dvel furthar gentifiysthaheatibo oﬁtl&rmjnltamhrs Iradﬁxﬁembodihﬁﬁﬁ, the
contalner has been dropped.30 off at.t ront of the chassis and.there are
%héra%xuew%@f 5% HﬂFﬁﬂ)notPg?tL@ %%Qﬁ @lra@nrﬁff the ngrattqve(s hstelndicpion the
corres r
ot oot TRAELRS 4 SRR e B FRELALS 8GRy e Bt ERhh i on e
appar atthsclassisldacmobied emibbfinfengIwox;lassificenate Glesigned, mak ddethorven@iner pick up

operation and the other for the container drop off operation; each of these two classifiers further

classifies the operation into three classes corresponding to the three possible locations of the
30 container on the chassis.

B3. Event Detection Based On Container Position Detection

[0058] Figs. 6A-6C illustrate another embodiment of an event detection apparatus installed on
a tractor 116 to detect presence of a container on the chassis as well as container position by

providing a measurement of the distance between the container 118 (or short containers 608,
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nore of many different types of container-presence detectors to inprove the
accuracy in WO 2011/ 006068PCT/ US2010/ 041526 det er m ni ng whet her the
cont ai nerwpreoalowe®si n the event is at the front or the Peamsedlobhs2€hassi s.

Afirs e, of - ne: ctor i1 et . OF.,
ot 0L B S ] DB SRR o oL R RIS AN,
a cont aokiaon pkrcwd 60D for dhasiigshé predaicerofianeniibdt 118S(opreseines @8do6dd)sérance
to cab. A second type of container-presence detector 5 can have a short

det ect it chaspigettasiied; tosa SaeiRhiRg for Pistdes rofrtahgl eresairems WRkIP & d5@B¢ect
a cont %'e&@erenmfi@%%ﬁﬁete‘f%“(érf cdnrtaigé?ﬁ%og',o(gl ang tﬁ%%cﬁﬁ&% kilif % &Em@ﬁﬁéﬁ'ﬁdmg
the distance froma container to the tractor cab. Exanples of 'such'a

contai netcetor esethcetraddre@ndra proickssde 684 dot det@oifez vbitniaseopaatterstita, cvadar ,

and LI DAR as wel.l as |l qwresol ution. caneras. This contaj ney-presence
dot ect OFYBRE b e Betar Rane bt B8P noth SHERGRh PTEYac Ak i Chistifocs DEiDfR &icher
when i ffbSthwichides aTHOcefiA @Lgdsiion lidReRr 602 Fan bONRAIRH bF (B trhdisr CHASRIS:

l ength) to the detector. That is, the container-presence detector can
det ect baclveyds abovsoicaihagsis bhS;t dxempleasei s eantdinerspashioncdstecaimed? meBideand a

short container a r.ont_of the ssi.s.(such as.the short containgr
or0). e oy, PRl RfsigPrangR et SRRt SS0AnH SRR IR
(sumh asusiedshdiss. 6AN6@] Mekicr®@B) cotthingr M8 (drethre &b 6vE HIAINBR GBI 6SENGE
detector can also be a notion detector that detects the novenent of a 15

cont ai i@t of dig ichigsia, Piccranriver-RirspCo Ketcetiammean; dfeets dhpcentgre ldd et thange
(e.g., c8ﬁt§1mtep'6pg af Ihetfli]cﬂ}t%t?"%ﬁes El?asLiSj‘Qst %{')cargétoang#%ro%&gyitymdfsﬁnge toog@ c%%{a%?e&-' on
range and a relatively l'arge scan angl e, “a cortal nér-presence detector by

i tsel f paayndtadctdreoradequgl, at the rédatfchd rgeteonteal Teshniopey fak iduntifgh@taegbtemant s
that involve a caontainer at the rear of the chassjs,. especially when there
is a cobtihlasaionstin rpdars MR oindop/traspmic iages Ay JLiy FHRPECIIEOSHSENE t1998NeYeY |

i f c ' - |.0fs C Jint :
conlai nar by BECARSRALHOME! M e RpORS o2 WA RNoRRD ARFRRIE I B et ¢ e
det er nitinatfoon tlafy andhedthecludedconhiaidaeription.t he i ddl e, at the front, or at the

rear 15 i1nvolyved. [0062] Accordingly,.for .an event tection apparatus with
= cont 00 E polothistuber 64 REmb et G2k Elon |45 5ah arencaR sopder

det ect RiEONLRIRE -BRERIdAAg TR BRhLVENS BH HRfBIME08 £3hMheLNRI canthd S a
pi ckup or drop-off event based on detectors such as a vibration detector or
a cont acersparpds raquan addile opartor td alwags peira shiontdc-gpr2dsitimontader et thereatef dlat s
no nt al ner,, -t he container invalved.in.the event should be. at the_.rear.of
e BB ver By b MY Pl e o Bl Bt SoPEit of S SPhe
event ity @hyes Eéﬂ)ﬂaepicﬁn%ew iy cempinad BElthd Peak hByndrdshcthgOkuch &h@btocol, the
container at the front. The event detection apparatus can further

di sti n@uesshsor hadeOMns apgide of getsatieg alh of tthe sikopitainegtniekugr andhdrop\pdhgvents
hi : I, i : ' ' .0 b
I stor fyr?fgf‘eng e&gl[%%clga%'éd oﬁotfle %ffﬁl@@ ift tlfé évlétgﬂt; {rl%ntsta{‘:lf‘Mseg'it pligr enqg);&? {Hgﬁ%gﬁtlﬁ)er- € a

drop of f "even € previ ous “even céntal ner op e rear
of t he pokiass idstectoh60Z: FHor exdmsly cifithertifttis dEprasctcophanbés BHma ns haptt” coltasieier

at the front of the chassis instead of a regular container in the mddle of
t he?xh&adithe distaegsap smAl (¢8ntBp rtﬁam S Ogﬁkeecélﬁms @%&fﬂb@ el (38 E‘b?re%ﬁ

into a'ht)iceﬂﬁﬁlte?hé(s 3 Qe et U 0N Hiddi10QP ARBIGII PP LU LA G S SL EMnbOs

hel p determ ne whet her the contalner operation is related to a regula
cont ai em j“no ttheti wditergef’ &tk thichdissines isarddtorty twgd, & mleort @onthiner heobten or

a short, container, at t rear.. Such inventory associatiqn syste an be
based SHOPARLHG ey Habbrssisgb R el g ey e SREe s Bl DU R fifues
that CaRalRs ¥%afa trQatlRiE 1drfy 8REaAEY 1076 §AEl AlstR0S -2 M6 &MRAsi:RBbe&f ddpp&t hod
30 off at the front of the chassis and there are two short containers on top of the chassis. Similarly,
the three events corresponding to container pickup operations can be detected.

B4. Event detection with container presence detection

[0060] The event detection apparatus as described with Figs. 2, 5, and 6 can include one or

more of many different types of container-presence detectors to improve the accuracy in
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5 for determning the | ocation of a container operation with respect to a
chassis includes the following steps. First, the inventory association
syst em dewvecos/me@8nt ai ner operation perforned by a CHEpamas2dentiské es a
tract Ordte%%n}nri]f%&hgtﬁ%rpﬁle tcg%ing{ 81\()0@%8 iRt KB X P thter}?on(f %Wﬂ%‘ A& of dtﬂ¥ %hé’sglg In
t he container “operati on. e I nventory associ atl on systemthen determ nes
t he | ocatfirentypt dfheontandragirahcOetcber,cleansd o pasttsh dacostiatiudenh pd@sence
provi ded by the container-presence 10 detector installed on the tractor.
That i é,IDiAﬁi theé cenmogs e e piskaeh ey atteetoscalde dctantangioplaggdngl 2 ghgesis to
cont ai i i . o] i i iS;
o her v e e e & 1PT o ot Yo, Dt Phachpacnee
For %an cemthodd aeshort afetdchen caoneaindeis gresiepoe detcact anglehat teasmmdt toddttectra ne
di stance, the contai ner - rig?ience det ec&lor can.have a short erri]%e t hat only
t

al | ows SPRAIST REPERE QCBothtiaffey ek N4V e FBRIDIY 9inmErRITAR dhF digince Hgom 2
cont ai REhtaindB oMk trabRr Lab ADRLRHA ALY _cBHﬁﬁl%r-?i‘éséﬂc% QeteBtdr Rc1@dd shoR-range
cont ai ner-position detector, which provides both a status of presence and a
di st ancédirdsenigsensorsh eadenrndildBARagrawelhes lomatsselptior eamerhs d hirecantakripgesence
determ n he | ocation of the container, operation with respect.to the
chassr $eh? o, Bifbhy o detrin o aF o SRt ChlupFoRRE &' Boifin «

Det REt icoiftaih MiGddceMieds., dnesthanasodie @akadidmei) tofthaeicBioeNTRdtYis 2GS Wohfline@n
system and nmethod for 20 associating containers with HEs that provide for

i nvent GFSpERS datretedi Gan dstophs Bl caripet potheothapsib(suele s the contamicnd 1 Hmng a
singl e l.her. ratl o V, j . i j on
tom IR et AR R0 R, SR Short OBk nb R By o REkeEld

t r act orsBort Ebgtainér ahehwsreanef GrdECHkOs @ndh airetht shert @onthiGr 608). | A lteusdtivalyi, ol
purposes. |In this enbodi ment, an operation detector 702 is installed gn the

CHE 1020MB3PSUPERHCi HeH s oalsP e @atiPfign sstestor JBetufstasie dhemeyveasat &f rer
opefati ] = Al _ j i u t
Ty sBhafRP QM e pRkubia? o IO FONAR oL ORERALY b NE L PR JERRE
Next f chassksdertlent, an event detector 704 is installed on the tractor 116

(i.e., h can _haye chassis attached.to jt for receiving.and

tr anspollihg G eBoming foeicrsan Faengny AR BFE Foh CSHIFrit P ORI B oo

of a copieiohely dRAr aﬁagp Aot @k %d%@ua%é@ﬂtde@é&tih%ecotda%fér%er]a@i@n-r@i%d events that
contai ner-operation- 30 related event includes at |east two types: a

cont ai mevolys & konipingrr grthe hear ohthwsihgssisl 6speatilla vowntth¢mas a doripinef 4t thationt be

tr or, chassi s, 116. .A processar 7 associates .containers wth HES hased
on tthe b BRTaIb e BT Re PR S ar Mon SRR AURT G SR E MRy SRF o
t he eveRtecrg! ed %ntaﬁfér-];&s@mabaai icah bd nkfed@E @Rd tlREalFIE OBE SHPorthidP thd Nks
the operation detector 702 and the event detector 704 with the processor

for trastsaninafipgof wheshera ¢apining i Hie 1piddiceaistbe fropypor at the rear is involved.

2011/0 P ) / 2 . . I he
proces 3@@0?%05 %g%l g’r goi%clea gl ?er? El gggﬁg‘%t Ollnga[ @Qﬁ%tédcgg‘fm% gg%ggagﬁgér%ﬂéa@%e g%% § c’t)lcl:e;tl
processoent] dattied apamashcddEfiandletecs epasradiatyopeottvhadliaceinevant apd ocdessiie

The_ enbadi nent . shown in Fjg. with an integrated processor wil] be

destY i BEWch Tkt %PICkEBt%éjd%ﬁgfl gronhBisd e, gf‘g?féor_é urh @8 4 ﬁg{faﬁ@n Aeteetupr o
easi |y LRGRGA 5&‘&&1{1&&6%{ > 14@s %Bhtgﬁfef’-pre%él{&esﬂi RR%r [¥tcPE RSk [Be DENiner
separ ated processors. [0066] The operation get ector 702 on a CHE 102 t hat
i s capaitodvadf inl fhttdvegt shombhbaianehe ser\ofsha chamist ifothe diohfagmemresenami¢tbeor
event defector 704 on_.a tractor 116 .that are capable of receiying an

movt ng SERESCOreAE o THETD SBIOMP o ME e BEGIET BRI dn HE 981G dotiort
cont ai REAtaRick kb PhcAREndrIoR Qlcht QRBERI AParAd) EAL et diyinktigh Gise kR4 ¥Rk e
the event detector 704 on the tractor 116 10 detects

contthi hesedopre thet logd-stathape theeoent distaw wirthadgractort Rer examtlerif ogirent ¢ysef at i on

Det ecti on _Bas Twi st zdLock S or._ | ndi cati,on 00671 The operati on
fot ot RtaBRE o BE o by <ORS, RS hrayfii &b Vs, d afibher UGy BRELHAG BB or
provi diti@classit,ahti SuRént@NeRaQIRMNMe 4 Mdb OIf bNY sBGYGHRBE atahdl fEdins 6NGRADABIN  Of
nmechani snms t hat o ) )

instead of a regular container in the middle of the chassis.

[0063] The container-presence detector can be incorporated into an inventory association
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secure a container to and rel ease a container fromthe CHE 102. In one
enbodi nent, the 15 operation detection neans includes tw stlock sensors,
such as twD20l10wkossont act sensors and twi stl ock engageneot/Gsedosge The
pr OCes%git rﬁ% hifCucni Ov%hﬂﬁéret% %o@taﬁat‘e%fér&%{ B'rgl‘é’féﬁ Q% 454 9Jnfta18&el1ﬁ §fd on
based 81 the seduénce of "¢ ahges Tnits Wi st 8¢k “sensdr'st For exanpl e,
dur i ng nadglendfathaechapiis ki ph@p ebatainen at tie filowt, Sdrl ©Gkors eos@iRr tay phe adadry Sach
through the followi nhg three-step sequence of changes: (1). the tw stlock
cont actNEBHEHRESCHARY SYFEBIM o2l e RAMed 0N TR NSRANEIRAERTS: DOSIHPREE SabteRy ke
spread : t i e
o ot | o R R T S Rty e PRI b g octndd!
(i ndi cdoi dgetrmeirtewihst locationi of h reoptaaee aprthtiongagie despiecteto, a lohedsesdincludan dhe

finally (3). the twi.stlock contact sensors change from "contacted" back fo
AR T RN S B A g A et St L SR S
bar i s ) tARGRA id@ftibdD thdtbMMhO RadBEHGOHLAIBEEr RBGVERE CORERENBKolvEd RET N

supportéd by the tw stlocks 25 of the spreader bar). Simlarly, when the
CHE 102hg eerdaidomppesateonn tlhi naventaryeassagiationowktege e rdstagamines rthel ddvaton okrithear

sequence of changes ,except in the seco step the tw stl ock engagenent

o't CneSnEREhdR T osHignudion do sEi g RyEhe MnaRL By B8 SRR aHE e o
t hel (CHiE 0% aRell R Oh thBYaRRIRBA iaNRFthdicsMBmae PrebéiR e dvleslol B&KctS 8 \¢ahi@inet, itiees
to ensure a secure ene%agerrent or di sg&gagenent, which results in nore

st eps. c8utaingpBsictermencgge batt By fenat et trothe Poddle @f theddessih ethapivise, the kontainer
engage nsor: hy, Ltor] h es. | f . Lthe tw ock
engagonparieaiiiEg e b0% TROkGEor 8. LRSS ARG bubdfgdt 8 it Shifildiliis
oper at idetectok lil@lt casnot idieter®ing distakisp thrp@haiinadprésendddetédtoratansiaat wsSshiost range
"engaged" and drop off operation if the final status is "di sengaged'. In
anot heth& ﬁﬁlydfilﬂ»m it R’t AECE FeFORtAIH af HedEqus or m)éiedawlﬂﬁq ofgle gotAneh s Wilkhe ock
engpge AN H1chRE o B ! BhkikEBbaR f, whi ‘ th a stat

50T CORDBSREH CetD O AR A RS RRb At RRERSE poielbroridseloantey
sensor of phange dndandiSteoct batved! theaohatcaehéd dic @idt@y carhaséd baakedctoadeyamime t he
tw stl ock engag nt switches is the tine en the pickup or drop off

oper at I BHIOSHI A 19 CROEAIPE! CPERin i TBACGHOMES BtTion Based On Vi br ati on

Det ect @ 19vdnRG AssRidtRMRLIUEBYsed (GHEOPRENSH RINEESE Belcefion’ 02 can include a
vibration detector simTar to that in an event detection apparatus which is
di scl od@@pddarliger . shvve ancherabodimenieoieon onvent@yi apsecistvas sirseamerand rofthod for

i brations. of 102, whi be. used. by t h f
Hecift Sieisthe hmabeh v HE AW idEE it MR LRRERRE LS, o et 6

those skplit@fh bBeurAfg @t a sifi@c @BAfadich:0ih GPLRGHA AMdDAS @l Fitki FdbidMS tiaf
CHE 102 is simlar to the event detection based on 10 vi brations of a

t r act olOPCRDOT OFMT iy § coptadned sbipPingeyBpethaici Ba adaineker of Cllke apd eeesoFig. of
OHE_ 102, 161 66 Serde CRA Al D18he REClOWP ! fTfiRlibn SREFELLOM, B Wabbaiifnt "
time the operation occurs. If a positioning sensor such as or a

t r anspepc@tion sdegacair! 20 eés amstilled CGhiEhe t GHEp i G epooidifOinfoHatldd? ifdidatingran
determ nes the |l ocation of the operati %g Eased on the position of E 102
pr ot dOCBIENER 8T B seniinshPpgatien cunlesied byHhe Sl ddssonteisT cpeatien ctat es

t he det i 1 j i - udi t ! - ,
he o nast b offes f EaMRAEIcRE obifhilf bitpa BRIPRAPLALIAGE NEAMP) -

706.  cvent, @2 evévedutecBet Bt isonstBAsk dn ghe Buent 1Det(ect GIE 2074} hahe aecheswis
detector, gn the tractar. 116 (or other HEs that are. capahle aof receivi ng and
20 mvgaﬁacheﬂeto b Y O 4 THEPTHE aa?%taﬂ’fl%{ﬁ’i %ﬂ“&&g@@?%ﬁwﬁa? iR Hy

vi br at ig@furRaké @F AScdniGasheRYioh8laANEVBhINGE 1IRPREASH P16 MElcalddthiRY &pkftiodNe
processor for the tractor 116 follows the process described in Fig. 3 to
det ¥kt reletet averdrindpdesat lcosi-tweltanasde eandaing ek wefrpmebe chvssis il i ardhal cofeiney pe
of the events. ternatiyely,  the event ctor. can include a

cont ai f&2 féf&n%oﬂélﬁ DY lolﬁ6' e?YSS?SF%rSﬁ DIPPUSHRYLIGFS 2D HES O Por
cont ai mies Hfor@iatibh €ro6hs Dhsratibit a&B&6r 102 dddahé irdetngitioh ¥onathd event detector 704.

A communication link 708 on the processor 706 links the operation detector 702 and the event

detector 704 with the processor for transmitting information to the processor.
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25 for providing a status of presence as well as a distance between the
container (or containers) and the location of this container-position
det ect or W0 20hi@o6068ct or. The processor for the tractor ®#eTaskel0/041526
cont ai QPeL Ak - c

changed 00637t o bt ERLA B ENREL AR e rBiRstch R3S hPRRET uRERER RN qcnl
c hange:procswms@ quintach, ldchie pucoses S6datdnoh hach MrREtad € aoparaicbalestet ocdnhral
central processor 706 the event. information, including the time, the 30
event tyRfEssornEhq grabedipnihewmia Fis drwithan intggratsd pf%essor will becdescibgch By

St eps fd%ff'aﬂ!isﬁﬁ h&{t}ﬁz ﬁ%@@&ér%ﬁeo&ﬂ'f&f gn Mt ugh o Q?@rréédeg%&eﬁﬁﬁr{& @@stcggﬁbﬁ)@an

[ 0072] e e., container-operation-r event tected, a
conﬁhlmmnbﬁ&&mbhah&ﬁawdeqmouedpﬁmamnmne HE to another. An event can al so be

? ﬁ? gﬁ;ﬁ&&é{s ZTlgeO%{qal %grgg%ac?oar 82 ggélngage@@ r{Fat 1wpag{eom tqngg ];fcontaﬁ/lel? sé[r\rféasca;[ or
2011/ 0GBRGRBREN SR OFEH Qi et u&@a@@’mmgn 8 tfaefdtk ai @%{at 'aébsca%%l@ P RALRGn ORI

fromone HE to another or it has been picked up fromor dropped off onto
the gr oumdngthetdogtaiisps. dfhcampstation detpatoai/fidron NEHE H&sddtects cordaiasispickut ih

Ther of QR COREREVRR G Bpevat o G14F B Sk BaReg s ERE- B B B it 1o

det Lt QEtcby cBntaliREbPEratid 148V SRn®Y dectifr@ kb iR tfaeedrem 5 needs to update the
correspondi 2191 cont al ner - HE associ ation. In one enbodi nent, upon receiving

t he detecti hopﬁﬁﬁﬂmEkﬁxnﬁmBﬂﬁHKMhTWHElﬂﬁkSﬁﬁoﬂhﬂhﬁmpﬁn of an event from
t t 7 t |
e o AL QLGSRSO TP USIES PR ESA TP SR 3|

associ @mx&mn@ ramoﬁé@agesn@t isdieping @agag@hehEaﬁdeagagerrﬂént pr ﬁ&eﬁmmgmac ks
10 whet her a new operation or event has been re(gﬁéted by a CHE or a
tract oPCCUE anEOTHURFTO e ABY iTelRassr 2 epBiatner drang ibs ¢ ke 13 Q05 5mpqdimeny ditess

endgs ary gel’élﬁbﬁ HelLfioh MaR€XhcIIRCSAS é)rséﬁ LA € stugh Stsaistfcl SdoBPic mﬁgiahaﬂ;aa 3 1

yes, associ at1 on process procee to ste 04 to exam ne er t
r eport itwgptlbsk amgagpeest svarchper Fler predessgr for CthiECd’ﬁE 402 delents aocaoainedpitioupaor
tractor,. In_.one e gdlnent t he ass ci ation ﬁrocess makes the decj si.on

based S&H°R HE OBeFaTIHRHEd PRt seflpcs 8f BHEsY gl tyrstiagie pnsaiye Kor qxpmpigeduring

equi pMedontakhdr $ickilp Iopeﬁflo@ thdEvistift& REKRE HBidal) JBIRERSR tlﬁ‘eof‘(‘)@lb%ﬁgsthkée dt& an
operation reported by a E and Er oceeds t'o step 806; otherw se,

associ a@qwncmﬁclwge%dh):th@d@sstlop icon@apt £oNeeTs Ch@m@rﬁr@rd Idytaahetdf’atet“@pntacrtdd”

e 818. ano, dlnent ract or
baart s SigleifbdRs Abfadir o808 I SRR TR ey ibaeigoh uAf R BiirE (2L e
whet henrwisigck @papémehtdatitdhdsschafgoPemhaliseng@ed afn ‘%ﬁgz[ged” fihgicasmott aisasck
process therefore nmakes 20 the decision at step 804 based on that flag.

[ 0074] isimplacoandHmeagtd/(igededked)t ad fb@élar(ﬁ)eﬂ@éwwloak EOHBGi sARIOrpEhaRap frigm
drop of.{,0p (ﬁ&fudﬁa(eﬁ’to kfietd %8” B&w rg %hﬁﬂle}“ﬂ%t&%hl Eed%céﬁﬁ.tﬂé) O@ea&%’i’%@ﬂ ner
cnassli s a

from(or s con a|n he ground or t
t r act ofis nd apef esting fadnlgbe ph&ﬁﬁqamehemaslmmm&nm@ lis peing egpocted by Mertesstiobled her

| e 03 SoMBGHHBHY- STHG e vk 11 L SHA G ¢ FOLEHEH i el peors
measur 'gBchI-dﬁgh helighthy QJqquU% of changes except in the second step the twistlock engagement
switches change from “engaged” to “disengaged”. There are situations where the CHE 102
operator may engage and disengage the twistlock several times to ensure a secure engagement or
disengagement, which results in more steps.
30 [0068] The operation detector 702 includes the twistlock engagement sensor; by monitoring
the changes in the status of the twistlock engagement switches, the processor for CHE 102 can
determine the type of operation; that is, it is a pickup operation if the final status is “engaged”
and a drop off operation if the final status is “disengaged”. In another embodiment, the operation

detector 702 comprises both the twistlock engagement switches and the twistlock contact sensor,
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contai ner and the hei ght neasurenent at the tine the tw stlock engagenent
swi tches change their output. For exanple, when a CHE picks up a contai ner
from t he yoaondoerssf rom a cont ai ner stack, the neasur emeot/ustomielstei ght
sensor .af «f t?rng amh}cﬁqhé §ttléc%cc%n ot & %g(ﬁg%ﬁ r%%sﬁo% l“Xonce ?ecf*ftos‘?gt?i&%ﬁ” after
speci fic val ues corresp ond1 ah 1 one contai ner

cont ai niey fing dhangdia B t@fsﬂbﬂd):ngafg%@e@t%%ﬁihﬂ@fsﬁhé itfmd Waee theSpickg eodopiofier
beneath the container being picked up), three containers (if there are two
cont ai RBF@tIBRALHN Q9HScont ai ner being pi cked up), and so on. If on the
other hand, ¢heq Peleclisn BSIADOPVEE &'tﬁtbnl%&@&t Lhe chassis of a tractor,

t he masuremm_g‘%rﬁﬁe_h‘e‘i_g%{i_ﬁm stlock is engaged has a
val te ¢0069% s paitahatgyctyo thdepenaiogphtetafor #02 ean aichele aawibiratibe dbltrectgh sinofar & that
chassis. Thus, based on the i ght .included i .th | ocati.on

b he in
2011/ 00BIBSPErS JSB6HR) GRRLSES (Wit gl? i Sips ir?aﬁ atwlafﬁtlm &e@g@arpre\alﬂes
det er mn%sﬂi‘éﬁ%ﬂ@of@”&*aﬁ@r{s HECE: B2, vth'iéhCééﬁrBe h@d'Wﬂh'e‘{%’ce‘sibr%@CH@W%‘o“ on
(i.e., the operation is from (or to) the chassis of a‘tractor). es, the
pr ocesslefsroveedsrtneneist emt@08 apsrasioapss 84 belappreghtgdy thosd $1<nléled lhiet eertr ect
tractor, for asso on: i,f n the tr i on_does  not ctor
bnd t nens s BER R libR Risetpaftrabdf &' @08 36 B R0k hldShaiRn el or
thelmp&ﬁt&ﬁﬂl&fgdfat@cwrckup or a drop off. Alternatively, if the height
information is not avail able, the processor always assunes a tractor is

i nvol vée070h tHasopwsedondhe aﬁ@ramrbé@té@:tgr ttle ﬁt@wgefqrrﬁldﬁglmgwctq DOTBRINAY
t 8 {
heP i b ARAREBIR RLRSPR e AR At KOOl RS RN st

off, the qmmes&aﬁs!peﬁddf eymvagiablt foa tﬁ@ ChHEs olgd @bb@;@orbbt @EEN 100 ﬁlrﬂilelEdaeldmhéya
cont ai ner . at steg 810. In onpe enbodi nent, the assocjation process nmaintains

an assoks McrEen PhiheoPsatn based Har tei Roskionendt CYIEF KY2 gravicdEbyt Fg pesgtioning

cur n p c ins
SR T D o p 7O SRR Th o e SR EAE D RLhAY AR

assom &piekl upi drhirof-off),gkanplee and fhedoGitien Aashwsl! pi theelD upthectiiBitnehe Gotesaod i s

novi ngf'O%, the entry for CHE Ais [AL C1l, tl], where tl is the tine the

C2. Event Detection Based on Event Detector

[0071] The event detector on the tractor 116 (or other HEs that are capable of receiving and
20 moving the containers) can include a vibration detector for detecting vibration patterns induced
by the container-operation-related events. The processor for the tractor 116 follows the process
described in Fig. 3 to detect container-operation-related events as well as the time and the type of
the events. Alternatively, the event detector can include a container-position detector for
detecting the presence of a container (or containers) on the chassis attached to the tractor 116 and
25 for providing a status of presence as well as a distance between the container (or containers) and
the location of this container-position detector on the tractor. The processor for the tractor detects
container-operation-related events occurring to the tractor based on changes in the status of
presence and the distances before and after the changes. Subsequently, the processor on the
tractor communicates to the central processor 706 the event information, including the time, the
30 event type, the location and the ID of the tractor 116.

C3. Method Steps for Inventory Association Using Mutual Operation-Event Detection

[0072] If an event (i.e., container-operation-related event) is detected, a container has been
handed over from one HE to another. An event can also be detected if a container has been

“picked up” or “dropped off” by a tractor through chassis engagement or disengagement
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15 association is established. Wien CHE A sets down Container C 1 on the
ground, the association process renoves the association between CHE A and
Cont ai nerwQ@ 2011p6@Rangi ng the entry for CHE A to [A, nulPCT/usS2dip/oudsese t2 is
the ti . ssoci.af i | S, ved, SpGl at | DI OCEeSS
T A T e R
dat abag®ni or dtepaed eff odtd (he@r&@lndldr the prifainbtier portkidpr. dper @kulgnhda@sociation
occurred, the association process identifies the pickup_operation at step
808 (bRSBYFeBAhY sRNBIBH LR BiFethaneesrinieyfa) oPsHion 06 sV eY- dhereforeowheneyer an
cont ai t T Joatds j ;

cont ai nErefbn N Ry CORE A P e BLOP BT R SoPEE A RRRNER AR oty 1y
charfgi mgedshte updite yhecanresgpuing cogtdigertHle aGShiEation. [ICdie kbodiorwhaiupen rdcBiving
current tin%#.in t he assoc%atioggﬁﬁbl . 1f the jnventory associatjion system
25 1 ur CHefeIPoiioar 28E8SHHION TR F (UAPGRY deIoSHRY AL GUPEIO™ hEoHPH deEBitE an

i nqui T §rddagsok M6 RE@BNshES BF i iBesSUS LEBLMibR bl T811dVANE fantR& ctdion sk L ShdwrTe
of occurrence of the operation for the |ocation of the CHE (as the |ocation
of theiopwr&tion) as well as the ID of the container at the |ocation. Then

at ste , ot ciati.on process, updates e jnventor rackin
ot abadtT]" Jhdie ThaPEhRpURRPPRESS Sk S HER sh2uphdly T bbb B e e
or BXPiwiRtHeR@ nddtoperi60 bl et dh@has3le REPHStcl DG 2QOME B BeactdE. IF h& ndk ©pér@tion or
specified location. [0077] In the enbodi ment shown in Fig. 8, the event
type déEentiptepored.ibe awneigdenspserganetd wads Birsehoerd@resssing pealefoottert agn
event W llqml I | yes t i een
cuent  Uhia) UBYE 1rVGL NS g fiesy iBGL0L o TS0 o BRENENliRE e
306 doos | mvol ve a tractor the. VIO 201/ 0060BBPLT] L2010 041526, proceas |
i nvol v ( 0O¢ .
cont i nGEYORIMNtsthe AsSeIRINLPYGEH MBS fhﬁ&%}%WSﬁg e ther $PerBEnt ALl il an
eve ' r r
Fepoy ¢ GRTSREF Dy CRRPALER RMEFlon IDR FLPLEOSEDD. I RREO IREE Sl fludes,
event iitsises spatiiah Fopoeted bpe@dE and prooedshe step &06;a0thawiicethemesaviatioh pramss
enbodinenH, the.tractor detegfs six ty gs of vents,%ﬁp'ch hﬁve een
desor i BERFIRESTT b ansesGt IPPRShBE e tEgtoErld Procopdsy ot Wbt Becifigcamyripeyy:
descri RiH@and BESErsHdY dYRIBRIABENLEREHADLREABN Y vOht! @%‘&%iné,l&zhﬁh GRtabNer
drop off in the mddle of the chassis (Fig. 4A), (2) a short& cont ai ner
dr op ofwhegter tthpercppided dah is he opéraien or fFicgent4B)¢ ags@yiatzon glegess)theroforaimakes
dr of f at.the rear,qf t chassis (Fig. 4C), (4) a container pick up in
thgﬂ%i&%ﬁ%xg%n}%ég@ﬁgggﬁggﬁ¥€¥%§iﬁéhort) container pick up at the front of
the chaeisg, Sinet { EHRo1S letett tEOHIcRIBRde dfi aCdontiiinatpidk of &adp &f op&ietion, it
chassis. 10 [0078] Since events are caused by operations, the association
pr oces slogeaptcdistinguishr whethert it dicks athl & cpgring AEMJEr ScHsiomdr f sARAEET ntep tig g
when t e i . t] j r .
nainta%ﬁggﬁgé'?ﬁg%ggé%éfgﬁﬁ%ﬁgnggggé&?%%%%E%ﬁgtbggggabg?ﬁ5ﬁﬁ%gﬂg9%%wP§?ner
t r ansacthcdnrs thetopeeitiohlss. a Eamkacgibh riyiveIvinghendthanB&C {ilcontrhébt) eorc aot. dinnsnat
| east the following information; the 1D of the HE that provides the
contai sEtbodimat) Boof Hhe lsarcaiumerd WHk & beight psfion SpeiRather Beghy et tine
cont al RffeirRRGnd i hbidh: REGAGR 3 hORnRCGUI SristfoRk HYAMRIG: SWhBMsHL
pick (a type of CHE) picks up a contalner froma tractor, a conplete entry
f or t hitlseit owtprstaEon exantpédy méhes RdTHE piaks updeontagmel Broof tht lgeoundax tiom asonthiger
provi de f . the contain he, | D of e cont.ai ner he ID of, the to L ck
PS° he SPeBeht aiegiteinry H by hriRertnsiia ot fe Ditloch o bty g O
OCCUT S seldtalfpd6ific VALRS BREIPOAIBHEH tRe ﬁ&gﬂﬂ &1t Snceiintdner! (CHAIDARIRY iPBn the
process needs to go through steps 818 20 through 830. [0079] Initially in
st e}y 818ounds.empoctontainans tié these theansr gpintrandrfbengpsh deaatding beingepiekad was thseen
reported,.. Wen. HEs .are i.nval ved to.t.he del ays, in the detectors and
o pr soualSRNt o e ofp Sab i el (RGP SY R Rt B By,
t he cenlid athePhaRe #%0confmSdr ik bk@k hiflke@eott ShabhaRBHie it teiRtdrefe e i@nRAt 6Vent
report at different time instants, and therefore they are 25 processed one
by one thghejght sensest wheno esiisitpck yie Icagaged hias asedied erresnonstieg: &s ey gaght of a

search t I | @ 1 f j . rat Lon

dot er miegneitfr IR 0 Faldl, SRR, DA O FERIMP LI ORE A SRS Rken
can be based on the event type, the tinme, and the |ocation of the event.
[0080] In one exanple, a search is madeysn step 818 to find unmatched
contai ner pickup 30 operations (when the event indicates a pickup
operation) occurred within a pre-set time w ndow



([t event-T1l, t event+T2]), where t event is the tine of the event and Ti
and T2 are pre- determ ned thresholds. In another exanple, the search is
made in swepoBl®eisd fi nd unmat ched cont ai ner pi ckup opePaTiusSAE 0MIE3e

| ocat i W t hi : - i ned (di nc th cafd of .
report gﬁ%xg@ﬁetgo[n_, b a%)sgﬁ aﬁé\%tﬁg‘%@%@? a?rap éi,gteﬁﬁ%e s‘glalt%tgﬁr ﬁlgOtlrlrgrdgﬁ% gpes't é%E@%B Yo
find uniwetlvdied thd\@a¥adtldDQ 6 GBPEPrAlA0E Goddt {dr26) thethadsivesT apiradatp 10pey, alid ons
satisfying both the time window and the | ocation proximty requirenments. If
no candffabedroeseedss oA stepndltde oésrat § oh tipeale$30i te Epdghgnorigel Bpprnder

that t Q?so%{%'tEiBR;si@‘ﬁB?ih@?raﬁ&%ﬁ@ﬁ 4B AN PREBOF SRR cérEﬁng; ?81%53%

sinply creates a new transaction entry In the transaction ta step 822
to st oRe6thetcpBBRto datérmrinatvhother tBe pperatibn & M@vkyp aredibpd B Alltcansacly] dithe
entry only contains the ID.of the tractor that provides the.container and
The | DRI FROEBHIR APt TGRS Joce b MTe RpiEse: BALPY SO RHe T Bress
mar ks toRerafBh hid fdceddSREHES throiph RBEr nore, the association process
updates its association table in Step 822 to renobve the associati on between

t he conlf@ISherAtasieh 80t the asseantion] PoBdsk ckimiman tedsipesf theeptwting irdudsdap tig18,

the associ ation pr.oce in step 820 then.identifi a 10 mat.ch anong the
cand: anpeetay FedfitgS mp brikiRe SoueRERinc (e 8 daf aFrsh HFBoRapres tht

evaj (uateschRach beandh diad € HPFAERIhO BoihtaidkOhtSsté 18104 dh BHe EMBodiki¥at, JkPadiedivesan
the operation and the event, the proximty between the operation |ocation

and t h@resganmajnddng ppassogiaion tabde Bf whisd thergtiaiapnentry dagcach IR thathe currently

associ at| g SS,: L h . S i i f
fhe_ cauir alpELPRESHPAR R EH PhEREA LI, LORID: 3 LATRE TR Jrdhe SRENEY
cont ai niey ID of thecangimtatie: PE dKoprdbbly eparcaitdowith SFtQ@kbmplel Ifes CHE & haepioked he
container in the event is 20 ft (a short _container), the correspondi n%]éf‘s

t

|i kel | RBF@M A& W] 1sgBOYiRY ife g cnmysigr (CHLR Ay i§ [SniSdet Heivhereitd ig His g
I ke fa%glavlah &lseeéta‘ioé@ﬁ&@weéﬁ GAR 2 s %o%t@cfn@alﬁ'ﬁcb% ?ﬁ mgl?d,:tﬁhgassomanon

correspondi ng candidate is determ ned as a match;
associ gromss pnuoes sheconadiastdesbdtivatn QblbEat ol Gastalnee 01 lgucltingd@ tho@8RY fér

mat ch wj e lqcated in ste 24 after it is processed previously gt step
5221 n ek g R moe U gheE & &% 1% HEe 6 St SreRg ohe AbrBiF Radtbeen
repor t gkoRakibh ProcciRefen réfets BRE lochGord BEthe RBhAITRE 0 RicCkWhiSaiRkRg @idbag t he
event reporting is considered before the operation reporting, the

associ do1 undajsr ocess will not be able to find a match for the reported event

in e . +Fhe process. will then he direct to step 822 via.st 826 to
or et oMt LIE pPRRGERichld cqb PG e YA dnes s REof o ik S e
" unnat eR&dp -optheioR 0 CRPSSUBN@Asc@Xdrt theardfort@ dserdtih tyPe) ArRXErcREHERIDI @ tycCl e
to start at step 802. sum ‘rrv]ig after a few processing cycles

Py

t he
oper at ic8Rtafepalr eyl 2 dihe 85396 gracesstthen apesiatee e contincs veth the E587 ef siep

arrive ng..t L ati nr

304, ' and tagB. i AEpaEhE AR RARERS B ERr bRty ol iR AReEIRE 1o

af or engGHIE0IME doeimpt 1D Whireht tink] intthe assbeatiat @blel Habe ascatorpissbeiaion3@seihep
824, Subsequent|y, the association process will associate the container

wi t4 t Aerthguenierfaggsepyith 2. inyentelyetraghiied PYrEsTR:, the HITCessoTaeaR; iBGWIAC BiF HYEMAY t he
cont ai : : I h I S Rt

bl o R S S I B P e e LR ad T 8P the

cor r es pondongf theabblfctas dire rttron ofhthe lopeafionhes CHIE aasha He ofHEhet tvataineceithee s

2851788‘%‘%%§§a€%d5§g%{a%; ghé,gtg%tags%glsa 1(03;[1 ip?oncegss uﬂ&?ésct%gqﬁve(n?orry"t%a%ﬂgllge&a?;‘t)a'se toV\D
show the container has been picked up by the CHE and to remove or expire the data record that
30 shows the container at its previous specified location.
[0077] In the embodiment shown in Fig. 8§, the event type does not include chassis engagement
and disengagement; therefore, an event will always involves a CHE and a tractor. Thus, if an
event has been reported (as determined at step 804), the association process continues to steps

818 through 830 for association. Similarly if the operation in step 806 does involve a tractor the
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D. Inventory Association Based On Position Sensor And Mdtion Sensor For
Determ ning Distance To Last Trustworthy Position [0083] Figs. 9A and 9B

i |1 ustratwoanligweispl e where errors in position estinate®Ctaskaonaize

pr obl egﬁ cgg%contﬁﬂésa\%th A ?§§§)§lr8ﬁ5% 8. "ﬁ?e f%l%v' §} n&e%cﬁ 1& gssullngs %&gvent has
backgr oun erein, I nvent ocCl at 1 on base 1'on ésti nates can

suf f er bkerorepertedt®wicher sl furb@sl@sﬁg tf@mk&whélb\t\l&)/lfbportehyopdﬂzﬁﬁfnpﬁfl(ﬂwngtractor
information related to tractors' notion accurate transacti on associ ati on
can be Ingiilaydts dragibeddiciyssan sVsRt s stschtislbsanprasdinn feRmuitpirarde: ¥ WEWdIeeM i ¢ h

det ect 95 Sng UhfboRnfh 8RR RLERLGE 5,0k FORLALNGHAIRLL kOl HELRBLOEuRS

descri bed earlier rein. I'n regar assune

posi% i onthsesswt tcoRigeackorHke compleERS. oflthe Hescapsan, teas sixalypes 4ro rgestedehetde
DGPS 10 a i s of higher_accurac t her ef or.e e_.ex ve than
Do pedstairds Dt osfiingt e prias B e ek aherts (i, TRydo AP Tarh poyaind!
facili TdYo;P@ff DendTHER EHS chhan (Fhe mr@ra ?Eorrt)r A AhE- drbP @8t thé gear%f\tl%h ows

a case where a tractor first approac es a PP durlng time ti to tine
t5, archyss (Hie #ha (Operenthioer piokap umﬂneamddliemé t1n€60hasmi (é)c ofsborfuedntignarimek t 6

t hrough ti ceive er at ti.ne t8 actual | ocation of
et Db R gt o el Bufied BB Son et s uh 8t wd N ST s e rew o
theig r 3607®| VBihér bdchtsddrbaahed whaghisonsNthel GsoPAioanstot&ie séardleesva GWhdabtidr J.
9B, while the position neasurenents fromthe DGPS, P(t), are denoted by

"X, Adatlefuchivdidete aperHEONSE RGP Sl avhie tha new eveat 15;5@1?%%%1075111@ Grestion thle s
typi cal *%te%“ Bﬁc?%ﬂeﬂﬁ% %@'a@&{c at§5%§% St%"ﬁé al t@hs1 BF O L ?}Igglaer

makeshift canyons can on- |ronnent causes
peri odSraﬁﬁa)ctlaBSbé:tbv@erkm @&clwehiry as th&l Itﬂanmtldsn Itahﬂé co@bink ndUest el fullowedgy
large errors 20 in GPS positions (shown as an "X o} directly Essociated

with t Aeformatians ther Iya{ thic REE that pepviaesythe ppptpingt; &W&g ths goesamsTt.¢he 1P @b dhe
thejy RASHL %év&seﬂth% hEhtald ﬁ‘aﬁ@ et i R0 FheQan§IoRoR DG ls AR e %Mﬂ%)wﬁé}l 2td @eﬂﬁa{ al

processor throug elr on oar comruni cation units, e centra

pr ocessotypecheCHE) peks op iadentairfey ftdme apeictor,of c@Hﬁetmcht]tyr factlos triahsctions table

i nvol ved in.a.t t|o based on the.reparted 03|t|o e to the

ot ent mapi1] iR TBirdhs R ea e oS B ghe roslishen froy ReoTHS coReigs ke t ne
25 tragbfthe to?epl&eﬁg he |red%5\%? 85 BRI coBYndr Alnld the tifRKRIstpi& @S8RFhRIN QRurs, In
Furthernore, if there is another tractor in the region, whose GPS positions

are ac m@ﬂrltg cethlplssbr such atdespBRS cplog. the essoofatioh eracess qmedk talge througlosierpd I
errfﬂs%h g tral processor will likely make a wong associ ation by
recogn|2| ‘s other tractor as the one that received the container.

[ 0085] [0m79lf| d5itiaB-if BtepES- basech ROBAId PNIENEYS et oper@tisn BEEvdr® hRs B¥dre
p05|t|on 30 estinmates; however, as nost p05|t|on|ng systens are based on

pr oxi mireReresd. tWhemigwn HEp ere invalkygd.sdyefte thaslelysain the defedtorsradtthe PrasssspEsanit

t
el -t CFuz el WY ufeo SRh e eg CYBRLRICKI, SRRLE P Lol o OBy sl
t he canmy@ivesiak@pentioi mpmrﬁndcan&azbesrepd)maka@m@ndmhithmatdndphabﬂmﬁeiz are it

as well. More specificall. in a RTLS, a nohjle posi.tioning a HE
t 1 ars mPERECSEdi e Rne 1(‘104 %(t%repba@@e%%e@cl@w %W@}e%%gmwﬁ% I OW 1%

transaction table in step 818 for candidate operations to determine if the event or operation has
already been reported. The search can be based on the event type, the time, and the location of
the event.
[0080] In one example, a search is made in step 818 to find unmatched container pickup
30 operations (when the event indicates a pickup operation) occurred within a pre-set time window
([t _event-T1, t event+T2]), where t event is the time of the event and T1 and T2 are pre-
determined thresholds. In another example, the search is made in step 818 to find unmatched
container pickup operations whose locations are within a pre-determined distance to the location

of the reported event. In yet another example, the search is made in step 818 to find unmatched
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nearby fixed | ocal receivers, each of which determnes the travel tine of
the radi o waves and transmts the travel tinme to a central processor. The
central pwocesgososBhen determ nes the position of the HEChasedoomsthe radio

waves' v L] hose f.i logal i ver The -]k .
vt T oSRAE bl bErhABR® sl [0Sl SERL KhTow T TRMGHDY SSorimiy
t he HEréquiRsmedtst If mooduididarathe: foand e hisseidtib® pilcedsan 8icped2s, deteeitek it ther no

solutions (i.e., bl ockage) or. erroneous sol utions by the central processor.
[ 0086] CPHCwREding opsiatiar NayBARSEAIRIFCE RNE Hift RIPAES STBRTY CL2Ees RNy IpertiqTon

esti MGy fif G0 t%ﬁ%écttiioﬁ MLB19 AB1SS 85510 SOTRNEBRAH BN aRioR! SThRe1RE BSE :created

i nvention” provi de an associ ation determ ned by 1 ncorporating a di stance
from t hankaasdbn entug dmgrcohtpiabe 1D of thHearacposhdtippmgdesahe towgaihOr drrdatht dD.of Tind s

distance js referred to as the distance-to-last-trustworthy-positiao nd is
o e oER RS i 1 oF Aomait SHaT G0 15 Proccsigs ot Cithe Bt Pipg e

[ 0087] Hitllernddde, Ik USEIcRitRS HBERONPALESs Bfs Rs&@MoAl ABle fof @6KIINY tsHehBlR kinat
uses GPS sensor's for position determnation in an inventory association

syst emasspartion beevecn theRiogtainkd apgdledthstora first nobile unit that can include

Tooa oloBAE e FEAt SRR A inine “RiosRt e AR D Blerahod B R Rline

POSi( i @mitetdambhd tHe@RAndRIeRS At ytep 806, RNcheteriBdiMbntd et iatibdGFo@Rs aviliasd or
116, a processor 1010 for associating containers with (HEs), and a

comunicaeh fapdidainbesad op fasdargarchuding thej tige gembetyeen g apsiitioa apdithsevgat thae

e’ conty iy SARH ch G RuR B BE AN hPEHlon I i TpP QR p Tkt
oper at ioan Thetaadciutioh Godecepy theh delsulatd aligTHkdlibbod 06 b a@it¢fpr @BctoSTE cemdigated a

cont ai ner operation, such as a pick up or drop off of a container conducted
by t he besqd apshe #hpyesieory hns xempis A thenpize 986%@ SPoinged &c8AidatsoRiFkYbns

of {se ofeasbtis 436 PRI séi’éoﬁﬁf%f dABRGR thaHELSerRlis DOCH RAShE: AWFAD, Fhe
noti on detector 1008 provides infornmation pertaining to notion of the
t r act orcofrdponivg| HBApod hel@PFilbrbesireduced. Ad®i i1 dhis semiswlimd@OAf ahel Mgt on

each HE provides the position of the HE. The posjtion sensor,. 1002 or 1006
can i nOkBHEP Vit dy BRECTOMAE Ho PROTTTRT! TERBO[da BB BURIG G Y s P

or a DERRrhflclfLr£afatdl o@RBVisc! N {skatedtiondbrobiayi @atiugss BYEHhE Matclh Mb& been
(Inertial Measurement Unit), RTLS (Real Tine Locating Systen), PDS

(Posi t ifeundDet ecti on Systemnm), and any ot her sensors and systens that can be

' hel i .of H 3 090] Th i.on.d 008
on the 1001 oF el O RERRHEE B e3P Mo RaUBRYY 4 el

sensor pihiadustirb@Btihy chElas Uhass,tthe ntpe@sh Sferitln Hasaet®Feportdd agitiet. R OfRiRY
for measuring the |ongitudi nal acceleration of the tractor, which is used

to cal dafkatte thaecogansg mekumexamplet since dhy pxentatpormgs tyr congidgrgg before the

et or i1 GRSl PG BBERRI R Tl B RS0 IS RRBEIRHAR Fedlychl®

in step 824. The process will then be directed to step 822 via step 826 to create a transaction
25 record for the event and marks the transaction as “unmatched”. The process then exits and waits
for the next processing cycle to start at step 802. Assuming, after a few processing cycles, the
operation reporting corresponding to the aforementioned event reporting arrives and the
association process goes to step 818 through steps 802, 804, and 806. At step 818, the candidate
events will then include the aforementioned event, which will then be determined as a match at
30 step 824. Subsequently, the association process will associate the container with the CHE at step
828; in one embodiment, this is achieved by adding the container ID to the entry corresponding
to the CHE in the association table. At step 830, the association process then further adds to the
corresponding transaction entry the ID of the CHE as the HE that receives the container and

marks the transaction as “matched” (or “complete™).
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[ 0091] The central processor 1010 detects an occurrence of a container
operation (including container pick up and drop off) fromthe operation
det ect or WOQ411z®60681 | as rel evant position informtion Pcomsthe/fisest

[’OS‘ tiqq @gé‘&t{{% %%9@&&1@%?33@%‘36%SP§sit%(91}%e£§&t}Q§& MS@&J @gﬂﬁ ﬁ‘é}eﬂé{%gpﬁ 0§
racto % of

t he folDistwhdedlo Lixe Thustwedliy Pasittdn operati on, the notion of the tractor 116
before and at the tine of occurrence, the operation type, and the second
posi t i ¢P831| tFighe4 aag PBrillysterts an gaamaplei wsde B0 nOSEIonedtimate auld3tiss ner
operati SOr, : r I, i AM CHE
102 1 T D s e e RR O T b AR PRl bl o
i s & drsycotibn peEd2in dositionestamos carentfer fiom @ros espwitichObOmates] Hoesver, by

mul tipl.e Iocaé%ggrc%cess.ors F“ stributed, 10 on each HE 102 and 116 and a

cent r afOFRRIRL, iRRRfionglalid fon HagPiSgmRgon; e 3B {ragpactine asAHrt9R ol sRor
1010. HoNRY&ES basd® oRPEsifilh bdiRshté NMwith§utRELipF AR tRRBI With @RRIN:E SuchtaBSibration
processor can be provided as an integrated centralized device as shown in
Fi g. 10lctef©09G] condriterspasitive detastartes diseitmd cerlten-hicesn. - 1 tegavdsrto Hygp I tidon

chown V- Arya® GPaTITo Rd LT R RRITGBS P 205, oneBRR Bt R PS5

not j(ON odet EAECK o8 HiphePSccaraep Qad tIRREBR moRSexpbfsidPBaR@isd DGPBSobLghétot fince
deteriorate when the tractor enters the alley at tinme t3, the corresponding

conf i débrereumbsy of Cillisria asestaimet gpeiga daojlity Spmbe musk less Hiap dehewnbes wé fraglerst | me
t 8 whe t U i i . -t he. _pr.aoce I,
onboar UHE RGP MEEh PRl pR B} A REFALS b8 M B AR Biims o,
posi t : @f| drhiats hlﬁgle&ﬂ&faﬁlhnclﬁﬁﬁtiod?dictﬁné [GQEdn,d M}i)s:lilul\i@hﬁdlehé tRfdu%)l(tirflle th ® )
exanple. 20 Based on the tine of t ast trustworthy position (i..e., t2),
the trdeqesro & coHpaar ¢ P estisra %ﬁm@aﬁwﬁf &l frpor pialimp ] dhrang med19 & the
| asis t ASNPY e ‘ﬁsxli%\!v%@tﬂé tfctor W1E ig'a%taa{éaechhgﬁ BSEib! YR LMY ORI HON
based on the speed collected fromtine t2 to the tine"the operation occurs
at t 8) Fig.n9Bhiwdils pthei fastionameasusemass tilning the DGPS, P(t), are denoted by “X”. As

di stance-to- | ast-trustwor -position is based.on speed onl i.e., .
ssun Hgvcrined i e g Reaend By MermyCBiofiIghERD it DG TS qurou ey shsrs

tract oltagkdd @velal dESURRNE Forgﬁ_h% AR shifMBarkyénd. fSﬁl@h‘QQaﬁi&ﬁhﬁ@wo&iﬁ?@mﬁ%ﬁm’%ﬁﬁed
information is al nost immune to the canyon-1ike working environnent and

t r act orcgusen §lohg penicdself) GPP dlagkagd as welbasanikipsthiibat\ger mduonteddtively letgrakiors t he

! | cul | 4} houl d. OXj di.
bt dbor FES bt Fhe kG o ERAD Pt PRI bt LB o)

Ther ef @ogh trh&tBrsGRAITTIAES B0CHSS BcirCiRitiode (ithty GPR§08RibHAbr GPEMatdd pdiatonk
invol ved in a contai ner operation and associate it wth the container it
recei véa a cggrahprogesson guowthethsir fogpogrd gampuinicane’ yeitsend heusntigl mreedssqrdhen
Sensor i-on f ) RLNg: [ Ir

oo 1 &y B0Sa) PR B P IR s PR RAE M9 RRl RIS e B i S MR elieed
enbodi pesitiond. Bugptoottestémiallads@eidiorinth denpaitivers Jatdalkt inHdeipos@ions oY et or y
associ ati on systemthat uses pqsjtioning units.. WO i i

2018 o@@e@gpéw 98581 DO IBAR 1LF0emfée gﬂsrﬁsw%@a_els%hmm of therei i japethrat e
HE positLRp 'irpgle(il%_i'bﬁ‘,g)vﬁ&@ Cﬁiselfb':sitfgns %.l‘&actlila:l'ly_ cRIsRF {0 MR8 IS SdsfRnToF e to&ﬂfr‘ck
processor for a E nmonitors the output of "its operatio et ector, I ch
can be duwits pditidn srerrs,ahs cerdradl pihetssot will hkelgacakeraemmag aisagiation thairnergnink up

or drop, .of f operatiaopn. Upon det.ectjon of.a container pickup or drop off
oper at E%?Jlﬁ,OIh_teFlgaﬁ?ro%?etE%B?Q%GFYGP?}@?%QECP@&W’_E'S the 5 operation to a central
procesgegssyi ant PE;s0RQERd GIERIBINRY C Bédi@bhik) dystedngs TRAMIE | ?l%@fd@fobs@tﬁbn

i ncl udes the operation type (pickup or drop off), the CHE' s location at the
ti nd) ofestimetesgomevnns (Mew¢ Ipasitiagina el ghms iafe basad loatpreXiminer trihegtlrhien, tthey
operat 'ORe PG HhL Fsgues-g?l?l th€ Pe%{lfta?nq elrr%];soﬁar{laetslirg)lﬁar effects on inventory associations. For

example, a real-time locating system (RTLS) is essentially a reverse GPS system and the
canyon-like environment creates blockage and multipath problems for it as well. More

specifically, in a RTLS, a mobile positioning unit on a HE transmits radio waves to at least three
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may further include the size of the container as determ ned by the |length
of the spreader bar. [0095] At step 1104, upon receiving a reported

cont ai nerwoperiasewa froma CHE, the central 10 processoPCHatsermiontsss whet her
atr aCtn%&rb §'IXGHVI8&1\{?9CGIV€}1]§ ggﬁ % Qx]h?c%t Jieq IlesV\éﬂgtt&% %:O?thloga(fl a@%{solil iR d
can be baséd on a Sensor n |on as one |n ing of> the
cont ai n@hsmitothd natandae tofa tcb@trdleprgbﬁss@orﬂhesmnds pt&eisbﬁ thei glatterrm‘he@mhae or
several containers, the CHE is gperati n%ﬁon cont ai ners_on the ground or

st acked©8HoR 9f the HH Rased Bnthsi dioswayss” fixcltingtie teaserfisgoned eeeivie s ght
of a CQ%Z}% 1[1] etéﬁ%lrgﬂrﬁle?ttﬂe%e'n%ta\,ﬂig Pf AR&S chiolobi 01I Qﬁe&%h@ﬁgndﬁhe?ﬂﬁ &1]155

avai |l ab e central processor always assumes a tractor 1S invo
step 11«6)4ommlue$atert0 theaiﬁmsldi locpl tecaneoy, rasalinpén hoseldti¢agi.debleckdgegdr ¢rmoncatser

st eps) . &009611 1s determ ned that the operation involves no tractor
in ste|c§0 fans XW@CE%tFﬁ PEl““t°bcessor proceeds to step 1106 to associate the

CHE Wi tifpdefe TPRh@IORbrrbdt 486iARAN 6t 'c@rﬁallnérsaarﬂ' FIEY RusARE AN cQImdtSs from
di sassociate the CHE with the container if the operation is a drop off 20

oper at iposifiohing osysteansh owimee smbodineensse of r the  piceane sivgentioni prayiides aanassociation

e, adhuine daanreorat e peRpaaay § 8y dRoieE Taf PARSET A

Fi 910 8.traflosOTIas distaRe m&&rretdh@ BaRE aﬁ{an@é Q- RES@IistwPEIR-BSsi it and el @l afed
tracki ng dat abase to reflect the change of the container |ocation. [0097]

I f t he baprdranripfpmpieibrolated & the metien of fiedragiiit ral processor proceeds from

step 1&@?@'0 1kt A %95800 o(n%)lts?gg gcfoﬁﬁglgpﬁ%ﬂi&%&}ﬁge% fhat ﬁ?éﬁﬁ(gtgéc %@orts%)]{

and ma rrespon )y toi e tha

t he tr goticion IdBtéﬁhM@fﬂoﬂ m Mﬂhvérﬁo@ﬁasﬂﬁ&ﬁﬂhﬁ@yét@mt mﬁe @j&ﬁd‘rﬂbf Oip. 1anacl(d) a first

br oadcast .t he oger ati on i nformati on, including % %2 the | ocation, and
the ti mebole Widh¥sap diglule marshapyitioning Hait é@li% S?ﬁSO]E HO0Z 3h¢ an Resration detectpiEs

or {9 Hbp4 RGAK YD eb! Q‘s% 9 1B6i1E AMURLCAL] ABWHE ANKTbhd ?Qﬂﬁmﬁ ning upit (GPS

Al ternatively, e centra processor nay identify tracto
posi t i cessoar L=00A’1i g A reotpmeddedter hMGtedn di sbaoc &14, ra)mdchaonpét(htfomassb@e:tatg on

and conmmuni cat es o] ation infor to thos ract

ot e- de CBR TR b LA EoB e B E B« 5 JHypirgans Brages toese mibiingtine
correchnfk r@éesﬁcﬂ% chEBYc Rforkia¥igh ¥€&hahfe.t he operation due to position
errors. 0 Next at step 1110, upon receiving the operation information

fromt ﬂ@éﬁﬁé ntTI@I ﬁlpt p@setsmng unms 1sr¢1m%6@3m¥vusa d1gy/ BB1B26 oéalthHEat%r
det §§ dtt coul ?04? ‘f getor nr}doa%/ed inthe o e tIOf‘J[

one b %ﬂPera‘F%‘b YiPGet SPGBy eﬁrl&?élﬁla?%n OB NP SEEPE i R kT %mert he
det er mopafatie: subP A9 Q]pickt @poﬂdmmﬁff bf acbtaineX adiduerdWyahb@HE tloxvaﬁleagec@ﬂd
near zero speed at the tinme of the operation based on the speed stored in

its st @psigenigajupit 1006 proviges seeond posigenyeihe saeter & feesavell pecanfidengelgyels of
di scar l‘!ﬁ pé&%lo%l@%&%!n?&lohflfe [ BRY 06E %o%lc{e%ﬁioﬁﬁﬂlo \}} Pt%e tﬁ%ﬁ&ﬁb%‘ cp%é Ralibe

centra ocessor since a tractor an onl y pe iIn al ner
oper atilaa. when it is fully or al nbst stopped. I f the speed was indeed at or
near_ zero, the tractor, then Rr. oceeds t o st g
25 [0089] The GPS or similar position sensor 1002 an 1006 on cach HE provides the position of
the HE. The position sensor 1002 or 1006 can include at least one of the following: GPS (Global
Positioning System) or a DGPS (Differential GPS), INS (Inertial Navigation System), IMU
(Inertial Measurement Unit), RTLS (Real Time Locating System), PDS (Position Detection
System), and any other sensors and systems that can be used to determine the location of HEs.
30 [0090] The motion detector 1008 on the tractor 116 can include at least one of the following: a
speed sensor that directly measures the speed of the tractor, an accelerometer for measuring the
longitudinal acceleration of the tractor, which is used to calculate the speed of the tractor, a yaw

rate sensor, a yaw acceleration sensor, and a compass for providing the heading angle of the

tractor 116.
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[0100] Step 2: the tractor next exam nes whether the operation is
appropriate by conparing the operation with its own | oading status. (This
| oadi ng sweat2osl/(0606pr ovi ded by the central 10 processor WROEUS@0/0815e6t ract or

R R e S

cont ai refitainke Pk, up ind BRPOEREY Abmothe iopdiatiah eitctoe 1061E aJs wsdll seteldannpesitddh ft
container, then the tractor cannot be the HE invo | f the operation is
in confilipEmatign fiomike firsh PpsjHion sehRar | Ralilhg PEQcsPIRE lolm@rﬁ%é@fem&% WHEIST t he

oper at 'tﬁ)@trha Of ! 19{901%%{}9@1% croﬁ H{%P%&Quwgésf%? 0916515) ?alht? g?ﬁf‘esﬁ)‘ﬂﬁwmcg[ the

ot herwi se, e tractor proceeds to the tra
nexts s é@aaubna of toperapos, the onsticst off thd trastdrt 15 6sthado@gaduati the ftlme dvthecduastce, the

trustwort hy. 05|t| (P(t ust wort hy base he confidence and
retri ef8§4! BéPﬁe@ %g?é%‘ﬁ{ PR l%snﬁ %%W%@bgh@ éet?%m? fq B%thPLVﬁét”(}\ﬁl?et hy
posi ti @Bntafnct Bﬂérﬁtw Y prod&iGort 1A 0GRRAG dsQbidteMe Chnt@REF Rlith QMY CHEhpozt fraed or
then cal cul ates the distance-to-trustworthy-position based on the 20 notion

i nf or mapewnon Brrepidk sp anweh tho traobet Mot thyOpe@tlom ore drgpedi i on) can be

determ based on d,sensor C r rov

apeed oPE e e G obaRES g Fro ksl 103D PGSR eGos oS it A it
spery batweRMHE 107 Usd WO6 bhY aaddirkl $Bedssdr Bovided @p BHeadrigaihl JodWbibn of ithiS bdemr t hy
speed x dt The tractor also cal culates the di stance between the operation

| ocat i PHOER@T t1RE0. Heweraruat ors shilled B gsirt rgheasgy dreteairee 4P pessser om- e (t
trust %J}ng asEﬁnge%ftd%n HEJAGEvideLEHTWSR Pﬁ%%d' fference between the two

dlsta i Stance as the between the tractor and the

CHE t ha0093¢r fnr mtssctnfbe lepe tled d@fhnaé-td hst-tristwonhy-poti@péy atddoin thEhessbeiatidror

then r onds to . the central processor by connunlcatln t he operation
i nf or niﬁ&ﬁﬁnt%@m& angh ks sssimpthentms Gap shoen frolies) %(g agfl 9B andh gssump dhe

recey viggior &S 8 wWiH Didd(i8n BEReBLbudh! 18 s%@é s&}f %‘rthé 88s %@ﬁé Bdkin to
 0ad

i nformati on wa I rst casted (at step 110 e centr processor
t hen e\dateuatai’es when the tractor enters the alley at time t3, the correspondlng conﬁdence level

decreases accordingly. Since the confidence level at time t8 when the container drop off
operation occurs is low, the processor onboard the tractor retrieves the last trustworthy position,
i.c., the last position that has a high confidence level, which would be P(t2) in this example.

20 Based on the time of the last trustworthy position (i.e., t2), the tractor’s onboard processor then
computes the tractor’s distance to the last trustworthy position (i.e., the distance-to-last-
trustworthy-position based on the speed collected from time t2 to the time the operation occurs at
t8). In this specific case, since this distance-to-last-trustworthy-position is based on speed only
(i.e., assuming the tractor was travelling straight), it is equivalent to the tractor’s travel distance

25 from time t2 through time t8. Since the speed information is almost immune to the canyon-like
working environment and tractors mostly travel straight in the alleys between container stacks,
the tractor’s calculated travel distance should approximate the distance between the operation
location and the last trustworthy position. Therefore, the central processor can identify the actual
tractor that is involved in a container operation and associate it with the container it receives.

30

D1. Method Steps for Inventory Association Using Position Sensor And Motion

Sensor For Determining Distance To Last Trustworthy Position

[0094] Fig. 11 is a high-level block diagram showing one embodiment of a process for

associating containers with HEs in an inventory association system that uses positioning units.
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the responses fromtractors to identify the tractor involved in the
operation. In one enbodi nent, the evaluation is sinply based on the gap (S
_gap) betwoeniigmeisst ract or and the CHE, and the V\D PCT/US2010/041526

2011/ 0 ?qgfggag%%%%%%fﬁe@ t& 1Iﬁlckrgte I—tI]}E‘| mggt%m %&O Eogﬁ Il? UPES %nhgs

t he trac |nvolve 1 on. e cen cessor en adds

| D of tah scp 11202, Qlic procésber font lQHEanohh&rsQ]ikﬁdSl&pumf 1am@efmmk Fetettof,avigch caisbe
"mat ched”) to i ndi cate that all parties involved.in the operation are
i dent i fAVBHOCK penpfs, @&eﬁieé%qt&)ﬂleuoaccwwﬁ@éuarf@mameé PRk UB 98 AEAN O OPEREOR Py

Pr 0ceSSfeckif IS coh el iCoag AR bhONREL MEGodditr Spl A BHECFpBAL ih1e

tractor and assocl ates ont ai er the operation is a
contai rm@eradompo ofctntog gradeisam,vid the adbobrdadonpnadeg®arunite ffhe espdrted iafesmatiat i on

bet ween contalner and t. CH and_associates it with the tractor. . The
cent A CBIRIGE BTG GRF (PiRGY U ORGR B & Beatehe e S8t e Popperston
i nforng tnlcglran{gaﬁéi%ﬁtgg 0S1IGCIRS thbQmd IR SFBR oA odeRrKEEMhE &Hftc@finfolBain

Ioadlng st at us . Inventory Association Using Position Sensor and

Mot i on nswﬁgdher-lnﬂed@thmsmemé tha onmmcﬁe aidetmalsmedrbyx greviongtingf hespicader bay.t h

Mot i on i n anot r e i ment,  the
ot 1 on [OBSCEAT R 1HE oeheRGivinh e e EBytie SaflEh Y THAR: MR benuhl
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[0097] If the operation involves a tractor, the central processor proceeds from step 1104 to step

25 1108 to (1) add the operation to a transaction table and mark the corresponding entry (e.g., as
“unmatched”) to indicate that the tractor involved is yet to be matched to the operation, and (2)
broadcast the operation information, including the type, the location, and the time of the
operation as well as the size of the container to all HEs or to HEs nearby by limiting the
communication transmit power. Alternatively, the central processor may identify tractors whose

30 positions are within a pre-determined distance from the operation location and communicates the
operation information to those tractors only. The pre-determined distance should be relatively
large to avoid excluding the correct tractor that may be involved in the operation due to position
errors.

[0098] Next at step 1110, upon receiving the operation information from the central processor,
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30 only tractors nearby need to receive and process the operation
information. The tractors can still send responses to the central processor
for it towoake/tbessfi nal decision of which tractor is tireTarseomonvskyed in
Lhe Op%ﬁ&{ '4Q8%or [(g:%‘egf?lh{:els gwhgtﬁe%%&fﬁ Soeql'l%' trgctéro iﬂvlou’éat 1rna¥h% ng) Vf’at?or{ r C%ﬁ)er
eadi ng angle and a map or profile of the container yard can be use 0
bett er chibedindny, the tri@eit ges itirsaghvidd fdWing stepiEin Maldng tirtd@ten@inatihd
2011/ 006068PCT/ US2010/ 041526 handl i ng operation. Wth the tractor equi pped
with alf®Plsndm dg thenBagipossanunes Wbﬁgercks Atasi Hel BPAF aeropRert 2othet tiae 05 dhe

trust \A%Eﬂtaﬁg@ggéehi JHh@ry e%d‘§t8feﬂ%iif§’kt&’a‘%é‘uﬁi% TFhewReagt A%rangl gel‘ngRE%HS the

tractor, I stance-to-last-trustworthy-position the tractor ca rther
det € mtrnetor tiscaridk dleyopposion iinformmstidnhie rdceived whthoopes@indory todbacsitraFpwceskar
illustrates the likely.positions as a.ring-shaped 5. ar 1202 with it

cent er SIChé W8 C_ﬁb?l&%ﬁ Yol AepB EiTgh j@fae‘aﬁwg?n & Bltvichatpy sopped 17
trust woid iePRal ded 4Rl hédn zcRN thMPRS& th@fhidsedds td fisp bractor’s

di stance-to-last-trustworthy-position (S notion). The width of the area

dependd0H]t heStep Rt ithtetnantor exe Exaghingshehethasthampetayiop dsannrepriateby 2vnpaning t he

noi se level in the . speed signal . The higher the confi.dence |evel of the
rrustdfy Rperpfet oruh T8nds HEREne R (BN lonblE SRS SO e e
E. et prdRekol Rthegat e ARERGE AsbEtedyathaintddsding. Ros ekidple, iMtd @ittorANdadsy ent
Det ecti on [0106] In further enmbodinents, in addition to the positioning

means dAda coaingt Poits atached efassivrit prnaoT wPeiye ersheridifoar 3 firratamesdicses. if he
tractor,c rﬁlo@ﬁnﬁ%‘éat@ﬁ%ﬂe&ﬁ?@ éﬁ@’t L) BRn GVRT Y c&ﬁ%ﬁ&t Aenf e g{tl&y éthg'tlgoe the HE

i nformation 1 ndicating an octurrence of a contal r’ler-opéetrr on-rel ated event
occur r iimglie. lihle bpaatiod is illtenicertithdied eadtor's oan lodltiudarus thp aacodébettdor
202 and a vibration-detection 15 nmeans 204 as described with respect to
Fig. 2theappgatien infermationnwithu Hesnppdmeg: ©r theeSenirale Piogessar: hraisse 1 BaGes on
det gct %;chgmo%%prﬁdar, LI DAR, and caneras described with respect to Fig. 6
that detects the presence of at |east one container on the chassis. The

pr ocesg6t0ldnboStep X hiec tractot oexttseanchésuthe pesitides sorsl inhis stotage runmcier olic last

cont ai ner-operation-r ted even and i ncorporates the eyent. detection in
Che. as JOEMRETSPOsPOd AGAY D), HOCGABGAT FBRICEng: ISEL AT THEUR BPgPeds
20 t he pefvakhhe @hs CoRE&POhMES td/\’fh%tlé‘s_% 'iru@twf‘o?ﬂﬂgz%b_ﬁl%n ep ﬁ?ﬁ’twﬁgtﬂyi aﬁ‘id%? Qp&)ﬁ%ﬂ

has been detected within a pre-defined tine w ndow o time o
occur r émese(/f qperative) oPer adterthen talgates e distanteoio-trusspentiyspestianhased an rthy

pr ssor.with its ID@and..gap.; otherw se,.the.tractor does, not.r ond to
P ormiah ipfstoblat e TR G HR Ao LN B PR HRP T b T o BE T iles WP e
i ncor penhat e sérisdr BVal badelBdn&br fF@ RONBE he2dpetd eMHertadet@ 8. gf as ki Sacstech as
the turn-around tinme for tractors and se%{enci ng of tractors. For exanple,

t he tr deverdstprpcasgribasnsed bytaean  diusmaitivand é_epsopirate with CHEs in

cont ai ner operations repeatedyproffo@refore, the time gap between recent
events for a tract,gp: il ;ﬁgﬁaﬁ;%{&%ﬁfgaﬁyléy?dﬁéfié"arre. Thus, the central

processor can assess the |ikel H66d"'6f a tractor -in an

The tractor also calculates the distance between the operation location and the last trustworthy

25 position: S distance=P operation—P(t_trustworthy). The tractor further determines the
difference between the two distances: S gap=S motion—S distance as the gap between the
tractor and the CHE that performs the operation at the time of the operation. The tractor then
responds to the central processor by communicating the operation information together with its
ID and S gap.

30 [0102] At step 1112, upon receiving responses within a pre-set time period after the
operation information was first broadcasted (at step 1108), the central processor then evaluates
the responses from tractors to identify the tractor involved in the operation. In one embodiment,

the evaluation is simply based on the gap (S gap) between each tractor and the CHE, and the
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[0103] Step 3: In another embodiment, the motion detector on the tractor includes a speed
sensor (or an accelerometer) for providing the speed of the tractor and an angular-motion
detector for providing the angular motion of the tractor on the ground. The angular-motion
15 detector can include a yaw rate sensor, a yaw acceleration sensor, and a sensor or device (such as
a compass) for providing the heading angle of the tractor. Thus, instead of assuming the tractor
travels straight, the position of the tractor at the time the operation occurred, Pe(t operation), is
determined by feeding the last trustworthy position (e.g., P(t2)), the tractor’s speed, and the
tractor’s yaw rate or heading angle into a kinematic or dynamic model of the tractor.
20  Subsequently, the tractor computes the distance-to-last-trustworthy-position as the distance
between Pe(t operation) and the last trustworthy position and communicates the distance-to-last-
trustworthy-position to the central processor. Alternatively, the tractor can respond to the central
processor directly with the calculated position Pe(t operation) together with the operation
information and the ID of the tractor for the central processor to make the final decision of which
25 tractor is the HE involved in the operation.
[0104] The process shown in Fig. 11 has the central processor broadcast or communicate the
operation reported by a CHE. Alternatively, in another embodiment of the system, a CHE
directly broadcasts the operation information if it determines that a tractor is involved. The
broadcasting may be set to have limited power to limit the area the broadcast can cover since
30 only tractors nearby need to receive and process the operation information. The tractors can still
send responses to the central processor for it to make the final decision of which tractor is the
one involved in the operation.
[0105] Fig. 12 modifies Fig. 9 to illustrate how a tractor heading angle and a map or profile

of the container yard can be used to better identify a tractor involved with a CHE in a container
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What Is Cainmed: 1. An inventory association systemfor associating
containers with handling equipnent for handling containers in a container
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the event detection in the association. In one non-limiting embodiment, at step 1110 of Fig. 11,

20 the tractor also examines whether a container-operation-related event has been detected within a
pre-defined time window of the time of occurrence for the operation. If so, the tractor responds
to the central processor with its ID and Sess ; otherwise, the tractor does not respond to the
central processor.

[0107] In addition, the central processor can further incorporate in its evaluation of responses

25 from tractors factors such as the turn-around time for tractors and sequencing of tractors. For
example, the tractors in a container yard take turns to cooperate with CHEs in container
operations repeatedly. Therefore, the time gap between recent events for a tractor will be
approximately the same. Thus, the central processor can assess the likelihood of a tractor in an
operation by comparing the time gap between the operation and the previous event of the tractor

30 with the time gaps between recent events of the tractor. Similarly, if the central processor
receives responses from multiple tractors, the central processor can evaluate the responses with
the sequence of the last events of these tractors. For example, if tractor A had a container drop
off event before tractor B at the same location and then had a container pickup event before

tractor B at another same location, it is likely tractor A will have the next container drop off
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4. The inventory association systemof claim1, wherein 30each of the event
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that conprises at |east one of an accel eroneter and an angul ar notion
sensor. 7. The inventory association systemin Caim1l, wherein the
processor associ ates containers with handling equi pnent by 20detecting a

gi ven one of the container operations and a tine of occurrence based on the
information fromone of the operation detectors on the first handling

equi pnent, detecting a given one of the container-operation-related events
and a tinme of occurrence
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based on the information fromone of the event detector on the second

handl i ng equi pnment, determ ning whether the given container-operation-event
mat ches tWe 2giv@sosgont ai ner 25 operation by conparing t ReTiUSA®E0081526
occurrence for the given event wth thetidme of occurrence for the given
operation, and if the given c -operation-event matches the
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cont ai ner - operation-event matches the given container operation.
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a processor for associating cach container in each of the container operations with a
single unit of the handling equipment among the first and second handling equipment based on
15 the information from the operation detectors and the event detectors;
a communication link between the operation detectors and the processor as well as
between the event detectors and the processor.
2. The inventory association system in Claim 1, wherein
cach of the operation detectors comprises a plurality of sensor switches for providing a
20 status of engagement indicating engagement and disengagement of mechanisms that secure a
container to and release a container from the respective unit of the first handling equipment, and
the processor detects an occurrence of a container operation and a time of occurrence
based on changes in the status of engagement.
3. The inventory association system in Claim 1, wherein
25 cach of the operation detectors comprises a vibration detector for measuring vibrations of
the respective unit of the first handling equipment, and
the processor detects an occurrence of a container operation and time of occurrence based
on patterns of said vibrations.
4. The inventory association system of claim 1, wherein
30 cach of the event detectors comprise a container-position detector that provides a status

of presence of at least one container on a chassis attached to the respective unit of the second
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10. The inventory association systemin Caim1, wherein 15the
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7. The inventory association system in Claim 1, wherein the processor associates containers
with handling equipment by
20 detecting a given one of the container operations and a time of occurrence based on the
information from one of the operation detectors on the first handling equipment,
detecting a given one of the container-operation-related events and a time of occurrence
based on the information from one of the event detector on the second handling equipment,
determining whether the given container-operation-event matches the given container
25 operation by comparing the time of occurrence for the given event with the time of occurrence
for the given operation, and
if the given container-operation-event matches the given container operation, associating
a container involved in the given container operation with one of the respective units of the first
and second handling equipment based on at least one of the two types: the type of the given
30 operation and the type of the given event.
8. The inventory association system in Claim 7, wherein the processor further
determines an operation type for the given container operation and an event type for the
given container-operation-related event, and

compares the event type for the given event with the operation type for the given
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a second nobile unit, each installed on a unit of second handling equi pnent
that has an attached chassis for receiving and transporting a contai ner,
conpri si r’yo 200z0e@s8ond posi tioning unit to provide secoRdTABIWI0EIS6 of a
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processor for associating containers wth handling equi pments based on t he
first P5 podihgiipygtory H%SOFIﬁF%IF RSO ¢l WEGTSB@P§P¥Q9I%SSB§€%ET&‘3§ t he
second posi t
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transmt information fromthe first t he second nobile units to the
pr oces 9BFaNOR dGSCteren the yesReeHss %%&?ea? lisbﬂ @gg ERIPACEL ai m 12, wherei n

each of the s@&%ﬁa&ﬂsﬁmu%t Bolc&s8rsC QA Ip?Gad&l BhUsR! Wh¥ off ﬁﬁ%é%n@"ﬂah&l'ﬂ?gs
for providing a status of engagenent indicating engagenment and
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container. tro ectiv the dirst. h
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contmi nggs 25 with handl i ng equi prents by detecting a glven one of
the container operations as well as a respective operation type and a tine

of occurr en@ecema§leﬂros¢ﬁ8t>m forj a3pQsiatingi RtARGMBelndfvidusd ujie pﬁttheoﬁrsa étl@élﬂf‘or s,
and deter iiyni g hrg% @‘lﬁ@‘t‘]ﬁ?r S%fe%%e étde?éau&?ssﬁﬂ ﬁletsfgrgt {n&o[ ﬁ{e ?e%ﬁ& 'd%ﬂr?]bu?éd the

respectlve uni andl'rng equ

uni t ofprédessosecond handl i ng equi pnent is |nvolved in the glven cont ai ner
operatiﬁn ba%>d on a plurality of the follow the |l ocation of operation,
t he opéPati dAeaRsaLory REsOR3HPRHHY SHM i aF%ép@’@ng unit of second handling

Cau TN DekCLay AR o R Sy RSSO R Spmpie T
t o be ioffvafl the dontaminethie aghiddie of the chassis attached to the handling equipment, (2) drop off of
the container at a front of the chassis, (3) drop off of the container at a rear of the chassis, (4)
pick up of the container in the middle of the chassis, (5) pick up of the container at the front of
the chassis, (6) pick up of the container at the rear of the chassis, (7) engagement of the chassis
20  with the handling equipment, and (8) disengagement of the chassis from the handling equipment,
and
upon detecting a given one of the container-operation-related events, the processor
further determines the type of the given container-operation-related event based on information
from the respective event detector.
25 11.  The inventory association system in Claim 1, further comprising
a first positioning unit installed on each unit of the first handling equipment for providing
first positions of the respective unit of the first handing equipment, and
a second positioning unit installed on each unit of the second handling equipment for
providing second positions of the respective unit of the second handing equipment,
30 wherein the communication link further links the first and the second positioning units to
the processor and the processor incorporates the first and the second positions in the association.
12.  An inventory association system for associating containers with handling equipment in a
container storage facility, comprising:

a first mobile unit, each installed on a unit of first handling equipment that can lift and
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WO 2011/ 006068PCT/ US2010/ 041526 cont ai ner operation, associating a
container involved in the given container operation with one of the
respecti weounitt®ewB the first and second handling equi premtts2iades2on t he

type of %3 | ven .cont al . qperation. 15. The inventory association system
in cl aitrr%;1 i)ftga{m%oglrtaélﬁ%’ %Cﬁne&ﬁrm ‘essor, in determining 5 whether the unit of
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trustwort hy ,p@gichh@meRBdplotofcfil on of operation to determ ne how close
the unit of the second handling equi pment was to the |ocation of operation

at the time agkcoucmebidnual, ceeh iMPhdleil wnentrot 9f seseudt hatdling cqyipment that basadm
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cont ai RSP SEEPERPPIRSTCEL IS AR ENPOUNE BLPLUDTT COTBYE M | on type and a tine
of mecurrence t o atdReoiepebrimbinhie tipiovide 2861 Pdsitidie cFRCRPstcivduhR ofifthd S
further conprises a processor unit for determning a |likelihood that the
respective $eARaRGAYLIHEMERui prent is invol ved in the given container

operation, and e%Crﬁotgé h&&t&e%ogl%vf&%blhk&m‘dﬂ{)ﬁ geﬁﬁﬁﬁg%%ﬂ&%ﬁl %Qﬁ]ﬁlﬂe%ﬁ%kﬁ@éﬂm
to the processor, an 1 he processor assocl ates contai ners w andl'ng
equi prent s haged tlansctdiel hankBhg bposin@ ic drrasntabat s@rdgedailifye second nobi | e
units. 17. The inventory assqciation SySt'@]?hi n claim12, erein each
of the first H9STISEr dof pesofighish conREhT Mdibs handlingsequinrgents dgpedy anthe first
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respective operation type an Ime of occurrence based on the information
f rom t Hem tspedidnwktapes.anidon detectors, and determne a 25 | ocati on of
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the second mobile units to the processor.
20 13.  The inventory association system in claim 12, wherein
cach of the operation detectors comprises a plurality of sensor switches for providing a
status of engagement indicating engagement and disengagement of mechanisms that secure a
container to and release a container from the respective unit of the first handling equipment.
14.  The inventory association system in claim 12, wherein the processor associates containers
25  with handling equipments by
detecting a given one of the container operations as well as a respective operation type
and a time of occurrence based on the information from one of the operation detectors, and
determining a location of operation based on the first positions of the respective unit of the first
handling equipment,
30 determining whether a unit of the second handling equipment is involved in the given
container operation based on a plurality of the following: the location of operation, the operation
type, the motion of the respective unit of second handling equipment before and at the time of

occurrence, and the respective second positions, and

if the unit of the second handling equipment is determined to be involved in the given
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each of the second nobile units further conprises a second processor unit
configured to 30 determne a likelihood that the respective unit of the
second hawodl2onigpoe8i pnent i s involved in the given cont acCmars2apmasesé on, and
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17.  The inventory association system in claim 12, wherein
cach of the first mobile units further comprises a first processor unit configured to detect
a given one of the container operations as well as a respective operation type and a time of
occurrence based on the information from the respective operation detectors, and determine a
25 location of operation based on the first positions of the respective unit of the first handling
equipment,
the first mobile unit communicates the detection of the given container operation as well
as its operation type and time of occurrence to the second mobile units,
cach of the second mobile units further comprises a second processor unit configured to
30 determine a likelihood that the respective unit of the second handling equipment is involved in
the given container operation, and
the processor associates containers with handling equipment based on the likelihood

communicated from the second mobile units.

18.  The inventory association system in claim 12, wherein
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23. The event detection apparatus in claim 20, wherein the vibration
detector conprises at |east one of the followi ng: a sound detector that
detect s swonds/wenssed by the inpact of a container w thPChaSe#ansgissé duri ng
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cognitive-based algorithm and rul e based | ogics. 25. The event

det ect icquipsyspar at us in clai m 20, wherein the vibration detector conprises
an 5 angul ar,noti on sensar .that allows.determ nation of a pitch.angl e of
Che-hand i ngdedtt SRR E SRt ipRe e eRep TrurlHER R eRsuPr il ifhigu®

t hel(i taGito B ehefontai:r RRehel ME1iGAH IapwenAting eb@hiacdRdtadndliny bllighbans occur
to detect container-operation-related events. 26. The_ event detection
appar at?ls i A\epEnhfgtection apprafuscgapied §omepeavidpe bandivgcapmang thef 63 e a

i nfor I Qi whet har, g ' qui ds at near zero
speedn?}ﬁ%ﬁ%{&(ﬁaﬁgﬁe?et{r;gq%bkg%lye)@g,a% trahgb%m%drﬁ %H% gdptﬁ "det ect or conpri ses
at | east one vibratitredstedtboimgisurg viigasats df otic ipndlingleqdpacstpaedl of the

handl i ng equi prrent, a sensor for, providing an acceleration of the handling

equi prent, &ndToseHRRdBr d3teFt FRHUNEH-MRFTHIGIS G0 SV EID PCORTIREL FoaiaGyi eadling of

thelff‘a%ghibﬁﬁn%’dé'b@ﬂﬁﬂ{e’viﬁﬁﬁoéémerei n the processor detects the
cont ai ner-operation-rel ated events when the speed detector indicates the

handl i 2d. eqUihpreeait detecaon agarateesioclapedld wheodintherngntagrco-oppraeadn-relate@ gventthe

event detection.a tus in clai 20, . fyrther c risi.n

Cont i oronrs S E R EouhmeEh BTl e Bhessi ettagisd s 1 heRg Rt el and drep
the CORKRHMRE cHiaihbiorIAR ThissisAMREKSidng Beuiphemessor f ur ther i ncor por at es
the status fromthe container-presence detector in detecting

cont ai Rér - ogdcavemnictestion appacareneisclaimd2(, nwhgedie thei contagneeperabon-relgtpd cyants
eacﬂ) Ofcoﬁlrﬁlelsec gtnfeg‘sitno%re_o(%QEer ?glio(%izqﬁé eelg%% %%eg'\\é? ré%fesn'ts: (1) drop off of the container in a
middle of the chassis attached to the handling equipment, (2) drop off of the container at a front
of the chassis, (3) drop off of the container at a rear of the chassis, (4) pick up of the container in
the middle of the chassis, (5) pick up of the container at the front of the chassis, (6) pick up of
the container at the rear of the chassis, (7) engagement of the chassis with the handling
25 equipment, and (8) disengagement of the chassis from the handling equipment.
23.  The event detection apparatus in claim 20, wherein the vibration detector comprises at
least one of the following: a sound detector that detects sounds caused by the impact of a
container with the chassis during the container-operation-related event; an accelerometer that
detects a vertical motion of the handling equipment; a height sensor that detects a vertical motion
30 of the handling equipment by measuring a height from the height sensor to the ground; an
angular motion sensor that detects a pitch motion of the handling equipment; and an inertial
measurement unit (IMU) that comprises at least one of an accelerometer and an angular motion
Sensor.

24. The event detection apparatus in claim 20, wherein the processor determines whether a

39



28. An event detection apparatus adapted for use with a handling equi pnent
that can have a chassis attached to it for receiving and transporting a
cont ai nerwoconpos®B8Ng: 25a cont ai ner-position detector POTASL@OWN4ES29r esence
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and t heitragisHsi wikine Gchpiqeed codpsing at least danProdqRSSON rdcogiitesi medélhdatshiagus
of presence and the di stance and to detect contai neroperation-related
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The event detection appara claim28 ereln
contiai negulepmoon emsorethat dibvevdatdtraicoiopraf sepitchiankleuyd thé hartikbing @qtupineet arfid om

t he cha%?i S atga h%d 1o t hlg hsan I inngl .e uei trggnt %ﬁgé Bgn(ﬁlfnf eo{n tnpe%t before
cont ai s PBAESOT FEDERECINSTTS § HAES e cB ek he hindling cquip
and after vibrations occur to detect container-operation-related events.
26.  The event detection apparatus in claim 20, further comprising a speed detector to provide
information pertaining to whether the handling equipment is at near zero speed including zero

10  speed,

wherein the speed detector comprises at least one of the following: a sensor for providing
a speed of the handling equipment, a sensor for providing an acceleration of the handling
equipment, and a sensor for providing a gear position of a transmission of the handling
equipment, and

15 wherein the processor detects the container-operation-related events when the speed
detector indicates the handling equipment is at near zero speed including zero speed.

27.  The event detection apparatus in claim 20,
further comprising a container-presence detector to provide a status indicating a presence
of the container on the chassis,

20 wherein the processor further incorporates the status from the container-presence detector
in detecting container-operation-related events and in determining an event type for each of the
container-operation-related events.

28.  An event detection apparatus adapted for use with a handling equipment that can have a
chassis attached to it for receiving and transporting a container, comprising:

25 a container-position detector to detect a presence of the container on the chassis attached
to the handling equipment and to provide a status of presence as well as a distance between the
container and the handling equipment, and

a processor to receive the status of presence and the distance and to detect container-
operation-related events occurring to the handling equipment based on changes in the status of

30 presence as well as the distances before and after the changes.

29.  The event detection apparatus of claim 28, wherein the container-operation-related events
comprise: pick up of the container from the chassis attached to the handling equipment and drop

off of the container onto the chassis of the handling equipment.
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