SYSTEM AND METHOD FOR DIMENSIONING OBJECTS CROSS REFERENCE TO RELATED
APPLICATION The present application claims priority from United States Provisional 5 Application
No. 60/128,079, filed April 7, 1999, and United States Provisional Application No. 60/151,620, filed
August 31, 1999, whic Iy | ven% . UND OF THE
INVENTION A. Field STEM AR H‘&Si‘} i K'éqs %&Psé;\gé&ms%.a@nd methods for
determining the dimensions of an object. B, Description of Related Art In systems that operate on
large numbers of objects, i ' [ Vi to a computer
systems to 15 automatical %‘?ﬂg}f X wL TRD T ?e eﬁﬁﬁ such systems
include quality assurBnegvisaEitirgpectdivsysteins. pndhéy Mamufhdtedngtaidedtrpsisabnsystems are
utilized to detgct defects ip the, | ing.produced, T, se of the.automated defect detection -
systemé con}%aprgg%g rf)r&%u%ps} i%tl?né)fs%e%ﬁpg dgﬁsﬁgdggge@ %‘Iﬁ%éa%?@ai%?i W20 Rtermine if
the items beiAg phocditicedNall G0HIB BlERCalbile:tblaigoees 1, Atsibenindbstnewiipre stigh automated
object charag}}eégrati%%tg ﬁlﬁms h§ve t\);%?ome known is the package shipping industry. Packages are
provided, for exarTPp(i’e, with Bar b gsr’e &Y various types of bar code scanners are used to read
the bar code applied to a parcel. BBAGECGROUNIPO iidipANMEDIDUEd in the bar code, a computer
connected to the bar,code a,decrjgin qetveéﬂine, for example, the address to which the parcel is to be
shipped. Such information ; ple, to route the package to the proper destination.
Systerhithave also bé&éreused tmtetesminethel stiscosigsadwveight ohsdBquickagestbeirigiabipped.
Traditionally,t hi%)in% charges fWere ete[mined based on the weight of a package handled by a
shipper. The Stetiinagen = ©f an object.

B. Description of Related Art

n systems that operate on large numbers of objects, it has been
known to use imaging devices connected to a computer systems to
15 automatically determine the characteristics of the objects. Uses of such
systemns include quality assurance visual inspection systems. [n the
manufacturing industry such systems are utilized to detect defects in the
items being produced. The use of the automated defect detection systems
compares the products being scanned against the desired characteristics to
20 determine if the items being produced fali within allowable tolerances.
Another industry where such automated object characterization
systems have become known is the package shipping industry. Packages_
are provided, for example, with bar codes, wherein various types of bar code
scanners are used to read the bar code applied to a parcel. By decoding the
25 information provided in the bar code, a computer connected to the bar code
reader can determine, for example, the address to which the parcel is to be
shipped. Such information can be used, for example, to route the package fo
the proper destination.
System have also been used to determine the dimensional weight of
30  packages being shipped. Traditionally, shipping charges were determined
based on the weight of a package handled by a shipper. The determination

of shipping rates based solely on weight, however, leads to inefficiencies
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of shipping rates based solely on weight, however, leads to inefficiencies -1 where, for example, the
shipping charge for a large package containing lightweight articles fails to compensate the shipper for
the volume taken by the package. By determining the dimensions of objects, shippers can allocate
space more efficiently and charge rates that more accurately reflect the resources used. A number of
cystems have BBER4E SEA0RmARE ) PHE AR B EF AR FSS-RABA Hhg Shipped.
Patent CooperiigiotwvchigbatyriNoeVafo/Oddh teaches the sispoéitie lightehowersdieay aseays of
sight sources opposed by linear arrays qf light sensors ced perpendicularly. The package
cimensions & UERETSI U5 B HG e LRSI P CL AP SROINEE e BSAT by e
package. U.S. futentniNoe Bf8aR/ATA o0 \CBdhig M EaTéd ChistEAGE REMENG\OEBIREARCEL USING A
CCD LINE SCANNER ANDéjlljzﬂ\I%HT SENSOR issu%d Fel%ruary 17d]t998 i9 Ref\. n(ﬁ)lds et al. discloses

fesources use }meer Bystems ave been %se 0 autcemafica g s
a method of dimensioning using a linear scanner positioned over a conveyor belt to determine

the width and léaigtinina tphardshansieniseif mesteagyssr peisid aidpadjaCeate td Gwobelatiodetermine the
height of the p L, T, i ' light n [ [ blocked
by the parcel a?t %et%tﬁg ihﬁj@e@g ﬁ%?e?rﬁm@%%&tﬁée% %%%gén%g S% lﬁ/%ﬂ@tcgﬁ%émé%ﬁ% %%%%tgmple

embodiments #ghtgroviceethnoseadersstatrrxsaddinbt sensespplafathation available about a

parcel being shippadh Fxample TembarimeRIH MK Mlize ARRRIRRENEO X LA giion with

computer determined information in orderto increase the reliability of the information” utilized to

characterize pRRIERB RPSRilipaicsRidhal BoRieskemdudamagieaost dyiapnplatemtdeiments will

be set forth inpardperdeseSIRYMETRIEN IAAgs REMINROA PARRQUSENT Hiedescription, or
may be learned ﬁ}/gpractlce of the example embodiments. The objects and advantages of example

embodiments WiNEeSeANNERAND HEIGHT SENSOR issued February 17, 1998 to
Reynolds et al. discloses a method of dimensioning using a linear CCD

scanner positioned over a conveyor belt to determine the width and length of a
parcel and a height scanner positioned adjacent to the belt to determine the
height of the parcel. The height sensor projects light toward the parcel and
receives light not blocked by the parcel at the other side to determine the
height. |

SUMMARY OF THE INVENTION

Example embodiments may provide efficient access to the increasing

volume of information available about a parcel being shipped. Example
embodiments may utilize human intervention in conjunction with computer
determined information in order to increase the reliability of the information
utilized to characterize parcels being shipped.

Additional objects and advantages of example embodiments will be set
forth in part in the description which follows, and in part will be obvious from
the description, or may be learned by practice of the example embodiments.
The objects and advantages of example embodiments will be realized and
attained by means of the elements and combinations particularly pointed out

in the appended claims.



attained by means of the elements and combinations particularly pointed out in the appended claims.
-2 According to a first aspect of the invention, there is provided an inter- facility system for capturing,
storing, and accessing object information obtained from at least two object processing facilities
comprising: at least one object information capture system located at each facility for capturing
information about objects being processed; a server located at each facility for storing the information
about the objects being processed at that facility; an index server for identifying the facility at which
the information assodiglegt i Earh aPlaghis PLATL Mo HISH OFRAdS &SRl CRRYIINO
information about objects -2a'moving along an object transport system and includes an object
dimensioning fasittyra yetepideusiapt bipct enegsiandricaRasicg PPigw BHReIatan object
identification 6L IPEBIRUIGLAPRIRFbIJeRLIrBRARdNG EHRRLUR RRISC S RABHEIage

capture system for producing electronic images of the objects. Also disclosed’is an inter-facility

system for capRififlind@mafiaihganbuessiiiesnjiaatieraitrrhdpeiliv dor spad TBSt two object
processing fagiliasdadiasibedsadiskidgsibleasiana ciprinbeanaiian capiuscifyptem located

at each facility for capturing information about objects belng%processed, a server located at each

facility for stofPgisigdhRdnirTaslap arosbibaobiarl Rerssreecasasst pid), famillilbex server for
identifying the, fagilibkalvisrdhedevarnalan e ssemigiad Wil Ieaed pkirFids stosedolbisrdisclosed is

a method of recovering revenue based on dimensional weight is described as including steps of
capturing infoVHiBtBACRLRRIEHS H18RFof an object, processing the captured information to provide a

three dimensional magg] afsbiesddhe akipsteanfeulatipa fsimeosnanbaaiiisienssicsidue based on

the three dimensional model of the object, capturing an image
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of the object, displaying, if the dimensional confidence value is below a threshold value, the model of
the object and the image of the object to a human operator to confirm the fit of the model to the object,
and accepting the three dimensional model or not based on an indication from the human operator. It
is to be understood that both the foregoing general description and the following detailed description
are exemplarynaodrexgllangtary civjgchird sporicysistricting ofdbdes\embbiedsictemsdnife
accompanyin ] hich ' ted in and constitut rt of this spegification, illustrate
example em b%g%n%ﬁ‘#gqugﬁip %%Egﬁé%gggc%%ﬁ%ﬂ%e%@%@?%&%%a%@%%sp r% r%cf%?{aes%xample
embodiments.igRiiifcaies crarmMdN PBdUaBDEYeTINBStFtatbisinfofowiomipathef an exemplary

parcel informaReRPLAR SMSIRAe B2 ALK ARG A BRI REsr bodiment o

a parcel information capture syst 3isadiagra an exemplary ver mensional
scanner. Fig. abigeifs two exemplary graphical representations of processed 5 data from a vertical

dimensional scanner £ig, gégg\géea@g}pm@_f&g € g@éiﬂpfgﬁ &%%@t%mﬁ Qﬁacode scanner

li
as seen from above a parcel transport system. Fig. ows a graphical Tepresentation of the

operation of a #EFassied Shisrdniesaliamenianediliorsral [rasMaAbiRs BRSERSIND Fig. 7 is a
block diagramyge s RTURISEVIRYEERY HRafidesaHpR it %n@%@&ﬁiﬁ%ﬁ%ﬂfﬁ{ eypiare- Fig-8is a

block diagram of an exemplary system configuration for a_single facility having more than one parcel
information capYHersyQeaiedrag egsh ?Slwgﬁéﬁﬁwmdﬁme&?@fm%WFﬁion for 15
multiple facilitigpeprel iR vingeppse fhdatetmatidRFBkIE WP g the information about

the objects being processed at that facility, an index server for identifying the

facility at which the information associated with each object is stored.

Also disclosed is a method of recovering revenue based on dimensional
weight is described as including steps of capturing information about the
shape of an object, processing the captured information to provide a three
dimensional model of the of the object, calculating a dimensional confidence
value based on the three dimensional model of the object, capturing an image
of the object, displaying, if the dimensional confidence vaiue is below a
threshold value, the model of the object and the image of the object tc a
human operator to confirm the fit of the model to the object, and accepting the
three dimensional model or not based on an indication from the human
operator.

It is to be understood that both the foregoing general description and
the foliowing detailed description are exemplary and explanatory only and are
not restrictive of the invention, as claimed.

The accompanying drawings, which are incorporated in and constitute a
part of this specification, illustrate example embodiments and together with the
description, serve to explain the principiesexample embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of an exemplary parcel information capture

system.



Fig. 10 is a representation of an exemplary software interface for use in collecting incremental
dimensional revenue. Fig. 11 is a representation of an exemplary software interface for use in
providing security information. 20 Fig. 12 is a representation of an exemplary software interface for

providing parcel infom@tigng@qgw.d@gg%%pﬂﬁg%ﬁg' @QQ%E@E%M&M&%@J aReference

will now be made in detail to the present exemplary embodiment of the invention. Wherever possible,
the same refePSAEE! JB/AURHNE KA GsaFtRBughout the drawings to refer to the same or like

parts. The term "beltiis intRndedd0RRsUNRASS R PASKAYE HADS RO SYSISLS: LAFIHEINg conveyors,

ramps, gravity rollers, etc, In the following description "along the belt” means measurements in the
direction of belt 30 nfoflorf FROWS EASHEGIBIARY eFaRiniceticrroearnissionscrigphpcoeseds the belt”

means reasuiammarisnPeRemisy @inie ke Aikectign,pf pelt motion (i.e., in the transverse or
y-direction of belt width) as shown in Fig. 1. -4 Fig. 1 shows an exemplary parcel information capture

system 180 in accordi$hce SRR fr Irasbiet brpepresahtn@ihenopeiebmfdrambrosedpture
system 180 C@,@Mﬁ@ﬂ@j‘glg‘@@ﬁipﬂ&b‘%&@%pga?@éﬂmrﬁaﬂ %Ltt%ﬁg) The information captured for
je

each object may 5 include the weight of the object,. information encoded in a bar code on the object,
the position of the bdr'8o8eSH9 e d SR NIRE 6 SIREOL @0l E thowpssatRB0phn aagwoéthe

object, and theciensiRnscaiFphiess 48 HraTBURL PIRGOLIDANL, Welght information is obtained at

a station other than the parcel information capture system. However; a scale operable while an 10
object i£%n motion p&dBitfe ipRddinRfoARaIBM Rfpirexsmplarysy stapernifigorpticnddinato the

system in ordgigIseHesiyeighidpigrmafipn. In the embodiment shown in Fig. 1, the parcel
information capture ) _
Fig. 8 is a block diagram of an exemplary system configuration for a

single facility having more than one parcel information capture system.
Fig. 9 is a block diagram of an exemplary system configuration for
15 multiple facilities each having parcel information capture systems.
Fig. 10 is a representation of an exemplary software interface for use
in collecting incremental dimensional revenue.
Fig. 11 is a representation of an exemplary software interface for use
in providing security information.
20 Fig. 12 is a representation of an exempiary software interface for
providing parce! information to a user.
DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the present exemplary

embodiment of the invention. Wherever possible, the same reference

25 numbers will be used throughout the drawings to refer to the same or like
parts. |

The term "belt" is intended to encompass all package transport

systems,' including conveyors, ramps, gravity rollers, etc. In the following
description “aiong the belt” means measurements in the direction of belt

30 motion (i.e., in the longitudinal or x-direction of the belt's fength). “Across the
belt" means measurements perpendicular to the direction of belt motion (i.e.,

in the transverse or y-direction of belt width) as shown in Fig. 1.

4.



system 180 incorporates a belt position system 100, an object dimensioning system 110, a bar code
capture system 120, an image capture system 130, 15 and a processor 140. The relative positions of
the information capture systems is exemplary only. The positions of the systems can be provided in

any order along bellg60+FeE Dl aagsel BIMaNen sAplys YSSIGR B shaR i a single

processor 140, it is un ‘erstqo at more than one processor may be'use prov ocessing
capabilities t@ehe g wilsysiastisasetieaf the prdivizhiahdetticapture systems may incorporate

their own processo iti rQVj el ition in tlon to processor
140. The belt p@itiﬁ%ﬂ%ﬁn&gﬁﬁ? %&ﬁﬁe%%{%é%@éﬂ a@?:ﬁ% nﬁ%%.éﬁ%tr{%{?@é%%g%ch indication
can be providdddatthedsmmefatongelazifle, Brspedificnapositieptoreddolsedntichiic aray
incremeqtal 'ﬂ%ﬁﬁ?&tﬁewglgﬂ@ c?%’l]ﬁ% 1433 ISy At POSLIQILINrmation pravidleg by belt
position system 100 may also include information a Sut the time at which the position information was
captured. In @pirtbriod eewibgimentiprdorssore4t tixsotipies thirpesitine ofithebjsudition
information fr pasit] stem 0.100. Information. determina rom the pgsition information
includes belt %%g%t&))/' z%?éi‘ e acceler%at?;oﬁél)%“b%rﬁgt%ﬁ. %91 gg%ﬂrrﬁusn?)r%egﬂ[b%%%%fﬁgﬁ values for
discrete poiniyéialings] probesiorerdpweainhtovheatelstoetesntbtathed Bpasitatioof diok2Befor any

e PO CE S L T O DR e o
system! @a}n d@t’é@mii%ipdﬁi@tj‘nwaﬂaestfw plajr@alsiu’éﬁm@&iﬁwsianipmmsmﬁlat&mim;dwith specific
e 0 S TR ST s i oo
object. The systemsinpbratetiyo thmexd spleyrpiojEating, sbaipamneleictiommadgoeticagtergy onto the
object. The S¥§§?@?ﬁ §|§8 incorporates a belt position system 100, an object dimensioning
system 110, a bar code capture system 120, an image capture system 130,
15 and a processor 140. The relative positions of the information capture
systems is exemplary only. The positions of the systems can be provided in
any order along belt 250. Further, while parcel information capture system
180 is shown with a single processor 140, it is understood that more than one
processor may be used to provide processing capabilities to the various
20 systems. Further, the individual data capture systems may incorporate their
OWN processors.
The belt position system 100 provides belt position information to
processor 140. The belt position information is used to determine a position
along the beit 250. Such indication can be provided in the form of, for
25  example, a specific x-position or a pulse indicating an incremental increase in
position since the last pulse. The position information provided by belt
position system 100 may also include information about the time at which the
position information was captured. In a preferred embodiment processor 140
associates a time value with the position information from belt position system
30 100. Information determinable from the position information inciudes belt
velocity and belt acceleration information. By determining belt position values

for discrete points in time, processor 140 can accurately determine the

-5.



10 incorporate detection systems. The detection systems generally receive either energy reflected
from the surface of the object or energy that was not blocked by the surface of the object. The
systems that detect reflected energy operate, for example, using principles similar to cameras or radar

systems. Thesysteats shakrleisoteperay dpakis aphhleekahy tggr?HGF}%goééégg@g)%Ct’ for

example, a light shower, operate using a two dimensional array of energy sourc one side of the

object and a tARSHIMEHSIbRE RIS ST RiReRs) Yo hsir26f tesnappatiapsidxiohaie pifersane
dimensions opthgitieliest 6an ?g(ﬂgge(ﬁ@pg%ﬁ%\ﬂ%%gf %Hﬁgi%hf’éépﬁfi‘ f ?&%‘%(ﬁ'}ﬁ@y

sensors that do not receive the transmittéd energy. 20 The dimensioning systems generally do not
provide infornTXFORABEN dREERKIR eRfiiieavegiveiamadiasttcasinaiomeatienp vapueed about the

object as the ghissirvelnalnsbels 25Anaskihigahiesigimensioning system 110 and is sent to

processor 140. By associating a belt position value from the belt position information with the data
captured at a given tiid CRid DO Brals sartHrentiR ent 80 divremisiabnsieelal tleeblect using the

dimensional lefgFRALRM FRPYSENT P @Bl NTYSIBR.IIAY ALNEA BRLRR A 1 the height of

the object is z,, at time 2 the hei%is z2, attime'3 the height is y associating each of these
sampled valul&"@Hh YosHbrhdluighhel hjcebiess hBighsyalemalopgtatedhjetocandmphadeled. 30

T ormatprfeaHatbiL e LioNacR R MOIRL L PYANELDINE I ORI s

orientation on the belt. Multiples object may be modeled, such that the relative positions
can alst’be noge@eraa st prétenrarstentodiftsntatreiaingsormbenesidiof eaetvef the objects

etom oot eherly SEELRT AN FRONIT RS RARS DOHIER D Al pe AP e

system. Because the bar code on an object being scanned may be in on about the
object, the syBioFk6sEbatdeusitResl iaryobiecl chide syattns|dset detent nbfieavedscanned across

the object in iR operate, for example, using principles similar to cameras or radar
systems. The systems that detect energy that is not blocked by the surface of

15 the object, for example, a light shower, operate using a two dimensional array
of energy sources on one side of the object and a two dimensional array of
energy sensors on the opposite side of the object. The dimensions of the
object can be determined in view of the portion of the array of those energy
sensors that do not receive the transmitted energy.

20 The dimensioning systems generally do not provide information about
the entire object at a given time. Instead, information is captured about the
object as the object travels along belt 250 past the object dimensioning
system 110 and is sent to processor 140. By associating a belt position value
from the belt position information with the data captured at a given time, the

25 processor can build a three dimensional model of the object using the
dimensional information captured. For example, the system may determine
that at time 1 the height of the object is z,, at time 2 the height is z,, at time 3
the height is z,. By associating each of these sampled values with positions
along the object, the height value along the object can be modeled.

30 This infarmation can also be used to place the model of an object in
the proper position and orientation on the belt. Multiples object may be

modeled, such that the relative positions of the objects can also be modeled.
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orientations relative to the object. The information from the dimensioning system, if collected prior to
the use of the bar code capture system, can be used to focus the bar code capture system at the
proper distance. In the 10 preferred embodiment, the bar code capture system 120 is, therefore,

provided dow It from the object dimensigning system 110. Further, if the position across the belt of
the object is dlﬁ% ﬂ\%%]r Beygtﬁ"eﬁ %%ﬁjé’&e(ﬂhé%@ NG SVEIRAPL I IR Ff&ame 1 kB dPieEigers can be

separately focasdtignbettierdapratade proper scanning depth for 15 simultaneously scanning different

objects having differqggrréeilgh sin}kjltanemﬁgy s%%g the bar code readers. Further, by determining
d

sly pas
the orientation of a scanning baan that SERHE S YA RUGLEShalrobjel R APt @P8r code capture

system 120, tmpbsiticystespadeohthechaeantecdatativeo tigssauseaef soahgadrsap Be in
deterr’ningd. Sgﬁcifci)?%m,aghe beam Zf%ﬁrod,uced bﬁ\: the bar code scanner travels a specific known
v LR tHe B R RIOR #a BarIng SLRHAGIEERAREA a bar

angular trajectory in spac{ao.ri?fil/ et

code, the portiordef thediegundeajéetaryetearapassediydhe Rcote cepde-dgtesmined. This
information can Ité% é}pagjsne%awith r&{?}e inforr[?nation captured by the object dimensioning system 110,
"SRG AP G ERIRG 2 RRdMaHRS CahfaRy thssdignensipatrelative to the

: Q
i.e., the bar code scanning

bar code scasystefhé angataedqsiionsandesmappes oateditbigausdimgnsianakapgel of the
objects movin acrgss the b%l,t correcting for the difference in time using the known change in

position of the St IR e EG R MarYHERRL BeRE R ASRRAFfidMEBon and the

capturel80 of firefearsacbdminidimeationhBbesmbiRing the-dalipsainedang areesien in space from
the bar code inform&t}i&m with thE ree dég]e sional model -7 produced from the dimensional

information, tHa DAFSodi L HRAEPAd echAimEnRBingey A8Mnk! Broper object. Because
objects may be definEdrtiyethef iae gasigtiofobaiatHessefiaethwihibe ahiastdmn s elRine

dimensional irggjr{anc?tg?ﬁqgrgggrﬂgjge %tystem 110, the different bar code readers can be

separately focused in order to provide proper scanning depth for

15 simultaneously scanning different objects having different heights
simuitaneously passing the bar code readers. Further, by determining the
orientation of a scanning beam that scans a bar code on an object passing
the bar code capture system 120, the position in space of the bar code
relative to the source of the beam can be determined. Specifically, the beam

20 produced by the bar code scanner travels a specific known anguiar trajectory
in space. By determining the time at which the bar code scanner scanned a
bar code, the portion of the beam trajectory encompassed by the bar code
can be determined. This information can be combined with the information
captured by the object dimensioning system 110, i e., the bar code scanning

25 beam subtended a determinable angular position in space relative to the bar
code scanner. The angular position can be mapped onto the three
dimensional model of the objects moving across the belt by correcting for the
difference in time using the known change in position of the belt 250 during
the time between the capture of the dimensional information and the capture

30 of the bar code information. By combining the determined angular position in

space from the bar code information with the three dimensional model



5 with bar code information of an object, the system is able to associate in memory the proper
dimensional information with the proper object. Parcel information capture system 180 also
incorporates an image capture system 130. Image capture system 130 provides image information

about objects passin rcel information capture system 180. Tol%e image 1Q information may pe, for

cxample. a bILRAG URTEL b EoI0) RAS P e B80°H (e peci PGB SEa ARG an

array of lcggrgfes_fme@Iedcdefate_aeﬁwﬁ(ﬁﬂas)fﬁcgw'rtlmtgj@c'tnfgrmation provided bly2 ghehbelt_ p;ositior_l

orovided by the mage DL B BALES. LU HAE S R 2 AP HRHTE Esptured. By

determining aasnedifferbnctn hbtwebjethelsapuie! sty efimatitidnathafohiestcinse asiabrgsystem

em. 120, and image ture system 130, and using the .information about
ofDe e lners) e

0,b d
e positon oI DEjeston MEer a8 hele SBE AN ARG eRR the image

{
the position o CLOR t

information prowideshpittheivpee diapturs Gt yatermi80canibetiassacipiedjdata particular object.
Specifically, if it is I;rr]gpwn that.the image capture sgf/stem is ten feet down belt 250 from object

dimensioning syste A GCHRISHEZUS LEGTYSIE LE[E A8 tRRRIRY RS 75 1049€ determined

using the velocitptaftheybadimtianimagedeforpaiiens papiwadatghs dricimiags iimeneldive to the
captured dimeaq)sii)%rt] Zgjinformation willé)rovide an image of the object dimensioned by the object

dimensioning SSten? VEG T RE BHRGPAEG Hh HHOH RABR S RPLHE R HEBEIs S Fc o ST 4RSS processor

140. Al discusskrahtiue, iieydesjdoatiomaimsiroiRdpoeers Whitdbiscaxemplane ¢k agn
information caé)tur?h%ysfjem Paﬁ‘léncor oratﬁ a 30 processor. The processor 140 is provided to derive
information frétn HEGISEACHIBVINEEB) LARH ST B RTRRBH 24 Rl D IReshFOUPIRAREUESS r is also

used to associare . infarmitthoimprevisied:hioaaso vidée BystieaBatitbdbitiord sibenyatered
information soog}%tc{hcﬁ[ggggpos:i%qdnggrsr{neantqi%ni (t))jaggg %%r code capture system 120, the

information provided by the image capture system is associated with the time

15 at which it is captured. By determining a time difference between the capture
of information by the object dimensioning system 110, bar code capture
system 120, and image capture system 130, and using the information about
the position of the object on the belt as determined by the object
dimensioning system, the image information provided by the image capture

20 system 130 can be associated with a particular object. Specifically, if it is
known that the image capture system is ten feet down belt 250 from object
dimensioning system 110, and the time necessary for an object to traverse
the 10 feet is determined using the velocity of the belt, then image information
captured at the determined time relative to the captured dimension

25 information will provide an image of the object dimensioned by the object
dimensioning system 110.

The parcel information capture system 180 also incorporates a

processor 140. As discussed above, the designation of a single processor
140 is exemplary only. Each information capture system may incorporate a

30 processor. The processor 140 is provided 1o derive information from the data
provided by each of the information capture systems. The processor is atso

used to associate the information provided by each of the systems with the

-8-



information, and image information determined from a specific object can be associated together A
presently preferred embodiment of the parcel information capture 5 system 180 of Fig. 1 is shown as
parcel information capture system 280 in Fig. 2. Parcel information capture system 280 is shown as
incorporating %ertical dimensioning scanners 200 prr(ﬁ):J"‘ecting dimensioning scanning beam patterns

230, bar cod2EEAFRNESD PHGEDRIPBaCEN giHRG Begm HaHEmM©R4BapERSB0, parcels 260

having bar coglesraZidheteon ipageraitih8hophiret HEAHIHPEOSESER: 45 6RRR B Qrocessor
255, and encoder 295. Encoder 295 is used to correctly determine position along conveyor belt 250.

Using the caﬁﬁfr%’?)tggtf(?ﬁ% FE belt at a specific time, and correlating that position with a time
stamp value associaggagtnthe meptifed o bBiamalion ieemrnebipgbriRsiine siam value can be

used to provid)%; coqu IatiﬁPbet\Neen the object and information captured about the object. The
motion df be P86 TS hehllifdG uSifyTHEWA @HRAEEY BRI CURRSRY SIEShaB R Hdoder
connected tﬂgoﬂerﬁamélhmmﬂﬁgmr@ﬂy&@@nW@@msbﬁhb%ﬁpdgfi’w&érméﬁﬂg turns and

shaft encoder 295 t&%{]s with. 20 it. For each small angle of motion in shaft encoder 295 an electrical

pulse is prodFEREETHINEIURREID SR De LR YA BTBCRS 5B SAREIATAG SR BRcessor 290

to determineghaaesitEBOObine disticat saivens e pFbRBaslieR deteanisalipiig Baags by, for
example, countin theaé\ﬁrg%b% of pulses received. The number of pulses is translated into distance 25

using a knowtftt dRBIRELS el BRYiBaPRICHRAST 48 IReFEUbHRBRIA o the

encoden. By gasryibgeatinsiandielieihisiag Supcers WithiBropirstdatamalinrRiPenssRif90 at a
given time, the position value of the belt at that time can be determined. The dimensioning system is

shown in the“embodiment of Fig. 2 as 30 three vertical dimensioning scanners 200 located above belt
250. The number of-peaiieers PROWdrRGistdetermingd MevismipkRR LRUH SIS eyor

belt 250. Using the captured position of the belt at a specific time, and
correlating that position with a time stamp value associated with the capture
15 of information from an object, the time stamp value can be used to provide a
correlation between the object and information captured about the object.
The motion of belt 250 is measured using the encoder 295, which is, for
example, a shaft encoder connected to a roller (not shown) on conveyor beit
250. When belt 250 moves the roller turns and shaft encoder 295 turns with
20 it. For each small angle of motion in shaft encoder 295 an electrical pulse is
produced. This electrical puise can be sent, for example, to object
information processor 290 to determine the position of the belt at a given
time. The position determination is made by, for example, counting the
number of pulses received. The number of pulses is translated into distance
25 using a known translation between distance and rotational mation of the shaft
connected to the encoder. By querying a position determining process within
object information processor 290 at a given time, the position value of the belt
at that time can be determined.
The dimensioning system is shown in the embodiment of Fig. 2 as
36 three vertical dimensioning scanners 200 focated above belt 250. The
number of scanners provided is determined in view of the requirement that

the entire width of belt 250 is preferably scanned by the combined action of
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the entire width of belt 250 is preferably scanned by the combined action of -9 the scanners. The
dimensioning scanners 200 are used to determine the height of objects on belt 250 at specific
positions across belt 250 scanned by dimensioning scanners 200. Fig. 3 shows a detailed view of an
exemplary vertical dimensioning 5 scanner 200. Vertical dimensioning scanner 200 includes a beam

source 330 fOFEroGHEIHTE & bdEiR ST S Veasta arec R0y & voeding detarmitetiser 340
creating a scaneigathsashadichisHIeEsies: Apwpward L narabglc paikros32Q.onia.the.a parcel

260. The elements together provide a curved vertical shower of light 300 which projects in a curved
pattern 230 adtbBETIYHRBSSENIRF W 250. In the presently preferred embodiment the beam

source is a laser. The-ggrocsheaiietn i dc/ienied Sm i stipce aleaninls £70-A0d belt 250

ontoad tectoré%%t shown). The operation of the system at a given point in time functions such that a

point onthe oBfERRENIaH SR A BrEjE RGP BeaREB 200 e uies R disem Thereefidafion of the
light from thatfpeiptdsiGantyrahbyine Aetertyr ndhe, %SF@ﬂ‘éﬁtH’t?dby“ﬁ P&!&tfﬁ?’s FONEERL IS

emission from the source 330 and its capture by the detector is determined using known laser radar
(ladar) distancé hegdiRehertGeeRmgRaamhwiiehd v erviardichdavionatddeanmeeas @ooiiogether

provide 20 camiptete3ayeragaiob kelAe0: Asly Wﬁga@é}ﬂ@}‘ﬁ?%ﬁ%ﬂﬁt%w Ignsipping scanners

200 across the belt can be accounted for by, for example, discar € height information provided

by one of the ¥EAlGRISTPWRS Bl 4aabpRR WavegR PriestscanaruviestHsitere GaGicirdissension
scannefoprovisiseeiafonnatiag sBruishe RRiABiaLRLANIEAI ALFAT IR BalhiahihRPBggment of the

belt covered by that vertical dimensioning scanner. Because the vertical dimensioning scanners need
not be placed SRYAESsEAERoRiohhEsWA Bk Rriteth & domefientprblidedtby thafscanobrs is time

adjusted suchp Hiabreaes eiihesamessiieq dewedie Ret QR different scanners are
The operation of the system at a given point in time functions such that
a point on the object is illuminated by the projection of beam 310 onto the
i5 object. The reflection of the light from that point is captured by the detector.
The distance that the light traveled between its emission from the source 330
and its capture by the detector is determined using known laser radar (ladar)
distance measurement techniques.
The three vertical dimensioning scanners 200 together provide
20 complete coverage of belt 250. Any overlap between the vertical
dimensioning scanners 200 across the belt can be accounted for by, for
example, discarding the height information provided by one of the scanners in
the overlapping rénge. Each scan provided by the vertical dimension scanner
provides information about the height of all objects across the belt for the
25 segment of the belt covered by that vertical dimensioning scanner. Because
the vertical dimensioning scanners need not be placed at the same position
down the belt, the information provided by the scanners is time adjusted such
that scans of the same position down the belt by the different scanners are
properly correlated with each other.
30 The vertical dimensioning scanners 200, therefore, provide information
abaout the height of all of the objects at a specific cross section down belt. By

combining the captured information from the vertical dimensioning scanners
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properly correlated with each other. 30 The vertical dimensioning scanners 200, therefore, provide
information about the height of all of the objects at a specific cross section down belt. By combining
the captured information from the vertical dimensioning scanners -10 200 over time, height .
information of all objects on the belt can be captured and added to a height image of belt 250 and the
objects thered?0T e eawrhejgtaigtioiniatioatieceived) by erticahdimansioningiscannaseid preferably

simplified by providing data cancerning the outline af the parcel. 5 Specifically, the data corresponding
to the top of ag%%}? r%%%éar@lﬁa%rc}ﬁgll%ﬁ \'/'\?(')aﬁg |(r)|l1!cér('g‘g?a%%1 %@3&%?&?%%@?@?% At information points
from the top surface BfithaetijecgtiVhererdifierent peints! are af sicalafimeigbiotiny sw@nhers
incorporated together into a line. Instead of being characterized b lurality of points, the line is
characterized %gﬁ trhee%arg?ay dme r%‘igieoé\%)lylwggbcﬁﬁﬁaa@aiao??@Cgﬁal'3/%%5 %ﬁhﬁs r?ﬁg@g Qtaéﬁﬁ%ar
heights hay b8pecolipatatethentis & sunfecspthadich acatterispsothafipo riotapightapasudice of the
object being s%rﬂtn&d. The SU{face may be c aracé%rized bx'fthe lines that age up, the border of the
at,

surface, such or' 5)95?%%?6‘13 r%E“?anSu &Er% &%gpﬂ)é é’f)?éasté?ﬁ'e%oﬂ1 4T fhGr P

three-dimensienalgueinifdberdinatas yihecdiffeisof thtrtpsurtdcsmiiitegighnates) cogld be

modeled as a gircle having a$ ecif radilt;s. The more complicated the shape the more point
Lo it

coordinates ar%erér&]%?rfgg'io R0t StHETER QARG oFINE BE;BLPHAE HREG RS R¥fional points

provides infoymatadityabbpbihis pibsitioredt thienbiget irespboandQtiruehfimosiionage information about
the top Féjrfac% ofra 'n%?ja%cttj trt]e ingjrmation can be fitted to models of objects stored in memory. For
example, a model oF K tire vJo'u?ueB ,?8f%§ample, an outer circle with an inner circle centered within

the outer circle. Usingr ththerotlabasatherhasish#ighsy stam samdetparinedpwone b tirsebjessfits the
definition of the KISk LR SERBHE STI0S fop SRR SHIGE BRSS! BG Sclan i (s urtace is
surface may be characterized by the lines that make up the border of the
surface, such that, for example, a rectangular parcel can be represented by

15 the four three-dimensional point coordinates of the corners of the top surface.
A circular parcel could be modeled as a circle having a specific radius. The
more complicated the shape the more point coordinates are required to model
the top surface of the object. The use of three dimensional points provides
information about the position of the object in space.

20 Further, using the information about the top surface of an object, the
information can be fitted to models of objects stored in memory. For
example, a model of a tire would be, for example, an outer circle with an inner
circle centered within the outer circle. Using the model as the basis, the
system can determine how well the object fits the definition of the model. For

25 example, a model of a rectangular parcel requires that the top surface is
comprised of four straight lines. If the lines that make up of the top surface
are not straight, upon fitting the model to the shape, object information
processor 290 can determine the deviation of the shape from the closest
model shape, called the model fit. A geometric or statistical interpretation of

30 the data may also be performed.

Fig. 4 illustrates intensity-coded images of parcels and height contour

data. These images incorporate the information provided by the three vertical
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comprised of four straight lines. If the lines that make up of the top surface are not straight, upon
fitting the model to the shape, object information processor 290 can determine the deviation of the
shape from the closest model shape, called the model fit. A geometric or statistical interpretation of
30 the data may also be performed. Fig. 4 illustrates intensity-coded images of parcels and height
contour datadFHESERMAGEECAICORNB At thid ipfermdtien plovicetddoy fthethieevestiedl -11
dimensionin ; wher jof | verti | joning.scanners 200 is
combined to%jeﬁt{??e%%a?r(%(? @g}g?ematig '?ggétrlgn%gf%}rﬁrﬂgg ﬁlggﬁégﬁebi%ﬁ%%geﬁo{?rﬁg% '%T ﬁgég?eft image 710
and right ima§enyEoramsinefyycaheareigtifimges, TéspéetivaiageBatl @eueisighhne@d o are used

across the coReyRE pﬁiégggs}%wem%%%?ey%%ﬁe%gg 1.an parcels 260. Bar code scanning of

multiple bar codes 270 can be perfor across the tsmul"faneously, including multiple bar codes
270 tha? may be plaBéd eace sieglneascel Urateprettredressdbdiment eyardoek 288nneesg10 can be

focused sepajgjalb LReolBCL0p {Acs BaI-CoHs STanEsS2L0 SERAAIEY REITIIS g parcel

characterization system 280 to read nafrower bar code liné wi over nge of parcel
heights than €@fAesorvEtiandldixeditooiasisystons liBabetidescdamers2dl, areladiagged across the

belt 250 to prRiee; %tg}%éreg%ql irs gf. intersecting "X" patterns of scannin ams 240
on belt 250, thereby reading %% ar c% eé%gg) éc%%é%rgﬁtiﬁpéeg%%éee&%}ﬁ ﬁisi\)/r\llasdystlh%reergi%%somplete
coverage of 6hjEasidispdsbarorbiels2Bomsrbal dbdesdaniets 210 stheratiiymafion aletited from the

scannipg ProgeRsof b{%‘cegg can is_ tfransmitted to ohject information processor,290.
Alternatively a processsor ded??:atetg1 %ﬁté& %gsrscéo%%&gggxr%% ?8%5% %%%%ﬁeﬁﬁorﬁﬁé%’é%?’%ﬁg bar
code 20 infosfigon ZBEdidoradnanativarrelatiogde drmmiditesmagaisehiEdetemgainggharsizlg a bar

code scannep, gty O IPRAHLE et A RIAIUCER 2 s Bar code scanners 210
are arranged across the belt 250 to project a total of, for example, 12 pairs of
intersecting "X" patterns of scanning beams 240 on belt 250, thereby reading

15 bar codes 270 across multiple "zones." in this way there is complete
coverage of objects disposed on belt 250 by bar code scanners 210. The
information derived from the scanning process of bar code scanners 210 is
transmitted to object information processor 290, Alternatively a processor
dedicated to the bar code scanners 210 can be used to process the bar code

20 information.

Position information relating to a bar code may also be determined
using a bar code scanner 210. As shown in Fig. 5, scanner 210 produces a
beam that traverses a known path 240 across belt 250 (not shown in Fig. 5),
parcel 260, and bar code 270. A detector associated with the scanner 210

25 receives the reflection from the surface scanned. As is known in the art, the
intensity information provided by the detected signal is translatable into the
bar code information encoded in the bar code on the parcel. As shown in Fig.
B, by determining, from the intensity signaf proirided by the detector, when the
beam traverses the bar code 270, an angular portion of the path 240

30 traversed by the beam produced by bar code scanner 210 can be
determined. Using the information provided by the known path, the system

can determine the position across the belt at which the bar code is located.
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beam that traverses a known path 240 across belt 250 (not shown in Fig. 5),. parcel 260, and bar code
270. A detector associated with the scanner 210 25 receives the reflection from the surface scanned.
As is known in the art, the intensity information provided by the detected signal is translatable into the
bar code information encoded in the bar code on the parcel. As shown in Fig. 6, by determining, from
the intensity §igABEproyigsadsyategdectoreviiamtierehebiheraviersestine vathclieo®lian angular

portion of the, adh 248,30 LANRLSEE\ YRS HEA) PLodueRcl by bab A RGAARREALO can be

determined. Using the information provided by the known path, the system can determine the position
across the baifegsshivhidbe ban crlensioedhe posticualurgdiadwetiating the Hindsf &astare of the

information i hs-aRs e 'armaterAsRydecriy elh Rt MR HGRnaRIse RiptRAton

processor 290 can determine the position along the belt at which the bar code was located at the time
of capture. Theedraigioh tbitsiEnafosmatb v dkieor piay flachewiRaidngsssmnabinformation

provided by (g dimensioninguslern.eanba s 19,A850031RdNRLRG SOAR R PRYR with the

proper dimensional information of parce he preferred parcel information capture system 280
further includggnansipagidriaprordienstdmarsel B@ge capture system 130 of Fig. 1 is shown 10 in

Fig. 2 as a camera 335, INGJRIIN \CAMEITdS INANeCIA GOQRss AMEYSIRIS faBRNE.f providing

an analog or digital signal representative of objects within t view of the imaging device. For
analog came®{s imAgeadRibyr sigivatenayt be. trinsieabpitva sigitansigallispartbfssdqyydcessing of

the signal. In efeyr i heﬁ:ﬁm is_a digital 15, e ;&'%ﬁ' array of
charged coup e%r@'ee\%icggsg(g%%%@T eé'array o%l[fﬂa‘r:gég %?pl%diﬁzé\ﬁge%j %Beﬁﬁer a _inggrga?rray
encompassingystemsiddpabiaeberwidingadirmrispnaldigis cipably epiregiattve aidth of the

belt. Alternatiygiy. feRRIIFRBTMEIAST AL RGP INR'WST iR asVIES Ul SPuRABE ebingmdith of the belt

surface.
the analog signal may be translated into a digital signal as part of the

processing of the signal. in a preferred embodiment the camera is a digital

15 camera operating using an array of charged coupled devices (CCDs). The
array of charge coupled devices is either a linear array encompassing the
width of the belt or a two dimensional array capable of imaging the width of
the belt. Alternatively, separate cameras may be employed to ensure full
coverage of the width of the belt surface.

20 in a preferred implementation, the image information acquired by
camera 285 is provided to camera processor 255, which processes the image
information provided by camera 285. The processing may include adding a
time stamp to the image and/or translating the image into another format. In
a preferred implementation, camera processor 255 transiates the image into a

25 compressed image format such as JPEG. Using the time stamp information
the image information can be associated with positional information along the
belt as provided by encoder 295. Preferably camera 285 is provided looking
downward at the belt at an angle in order to provide a view encompassing the
top and at least one side surface of the objects passing through parcel

30 information capture system 280.

In a preferred embodiment, camera 285 emplays a two dimensional

array of charged coupled device elements {o provide time stamped images of
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20 In a preferred implementation, the image information acquired by camera 285 is provided to
camera processor 255, which processes the image information provided by camera 285. The
processing may include adding a time stamp to the image and/or translating the image into another
format. In a&rgferr dim Iementattion, camera processor 255 translates the image into a 25

compressed INage 1ot SusCas B ety SIS theagiR @ artb 2Rl imatisham s gé iformation can
be associateconiitiposifiteal Fforatatieniplangibembelé as BEMdRAbYRRCRASHE AR Preferably
camera 285 is P}govide ookin(‘?é (@{vnward at the belt at an angle in order to provide a view
encompassifg tha top At ot FEs i Rigy daratupeiie bafeed pastahandagh parcel 30
information dagtiaher systeinf@dativa pretereskambotiraent SANER RR5SMpIOYS Ao dimensional
array OéChaﬁ?ﬁ cou éljed Eeﬁe elements t_osé)rovide time stamped images of -13 the belt and items
on the Belt. TH f?ﬁg'é) OF BRI LSS AHE LY ivsMakirmtioh Binskihedana #iaime the image is
captured. Thadseagstenayithasniah isnéfigienheetab i ProvidsifRenRliaRARost iinted ARgior
handwritten %nforr%;ltiogp{on the object. Processing on the image can be 5 performed to locate and
identify suchicTHgRSN CORRPHaTHErad fipma s aarse mirresentindhe, eaapraigditidy be
electronicallyagskogiatatavitiinghe other information acquired from the parcels present in the camera'’s
field of view at that time. Additional sensor devices may be provided as part of parcel 10 information

capture system. Fof S4B SERREMIRYRS SRS PSS thapatetiprsathmped temperature

informition. insingnthtirepatimisis tbe tenepasalip B MatioRdmeapivres, thedempgiatyre
information mar}gvtif% aﬁiociated with a parcel. The system may also be provided with chemical
|

analyzers to/ PSRRI SRR e S dE el praralirnhidsiroesparee at 8B ination capture
system 280. tEhepinfarmetion aameresy-RAt NIRRT ARMES SHERRRInay be

associated with a parcel. The system may also be provided with chemical

analyzers to provide a chemical signature of object passing through the parcel
15 information capture system 280.

The information captured by parcel information capture system 280
can be presented as an image and/or as a list of coordinates representing
one or several objects that have passed through the parcel information
capture system 280. The information can be separated into different

20 categories. Afirst category is image information about an object. lt consists
of one or several time-stamped images of the object. One image may contain
representations of several objects. Obijects within the image may be
identified by the timestamp associated with the image or by visual attributes
of the imaged object. The image may contain printed and/or handwritten

25 information from the object. A second category of information provides a
description of the object and its surroundings. Attributes from this second
category include, but are not limited to, a list of points representing the object
(i.e., points that define the boundary of the top surface to define the object),
the position in space of the object, the dimensions of the object, the fit of the

30 point definition of the object to a model from memory, geometric and
statistical interpretations of the data, temperature, date and time, chemical

signature, and bar code information.
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can be presented as an image and/or as a list of coordinates representing one or several objects that
have passed through the parcel information capture system 280. The information can be separated
into different 20 categories. A first category is image information about an object. It consists of one or
several time-stamped images of the object. One image may contain representations of several
objects. Objects withimtimehinTagedity bt igeatfigdifptreatimestaeng asscuiatedanithithe image or by
visual attribu f i object. The image may contain printed an h riffen 25
information f%r%%é%e&%pcﬁtdg&%gn 83{%3(1)@98{ m%?{r)nnaﬁgﬁ tﬁ%v?féﬂsegndégéé%%é%%he object and
its surroundiegshAtizinatielsdromthecder ofehidatedjory daclader,dvideddnet hartedde @ idhef points

representing.the object . (i.e.,,points that define the boundary of the top surface.to define the object),
the posttion 1 Eh e o R e O B e AR I B M mon of e
object tH a matiebdietranemetyegeothdtric pat ctatetichlimgerprst atiche asthecddiagtemperature, date

and time, chemical signatyr. d bar.code.information. -14 .A number of different f
ormaton, oRane WE R Rsana D reiete YT Sl SENABESE o 260,
Because eachgmmrslbhastzdpeitifieadnfiicadibn code provided by a bar code or other identifier

placed on the parcel,.all of. this informatiop can be elegtronically 5 associat % agether with the parcel
identifying code as t{f\'gazs'gc?a |'naggr|%[frc1)r?£a i%ﬁ.sl&llsgfsiﬁg}rﬁ%rﬂrﬁ%lﬁgi'% igjesn mgé%%%%/at\(ﬁgp arcel
identificationseoder aysberaté Wit radhipartatifyg. i intedidgiaim eficobasis systereiconfiguration for

el such S G ST o L S A Sy o te o GO Y onected 102~
database 73mcudesenasproesSE6D 2ohnant et jectinfatataiion f86casson2ed pedoeatarézbhetwork
720, and a u%%roejggmﬁlfgrlrgétion processor 290, a local area network 720, and a user
terminal 710,
Camera processor 255 and object information processor 280 are as
i5 described above with respect to Fig. 2. The time stamped data processed by
object information processor 280 and camera processor 255 is transmitted
over network 720 to a server 730. Network 720 is shown as a local area
network (LAN). However, a wide area network (WAN) or other network
configuration may also be used. Server 730 stores the information in
20 memory, shown as a database 735. In a preferred embodiment, an object
information client application running on object information processor 290
forwards the time-stamped information over network 720 to a object
information server application running on server 730. The object information
server application stores the data in database 735 using the time stamp and a
25 parcel identifier, such as the bar code read from the parcel, as identifiers of
the captured information. Similarly, an image capture client application
running on camera processor 255 forwards the time stamped image
information over network 720 to an image capture server application running
on server 730. The image capture server application stores the data in
30  database 735 using the time stamp identification information. Using the time

stamp applied to both sets of information, and calibrating for any time
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Camera processor 255 and object information processor 290 are as 15 described above with respect
to Fig. 2. The time stamped data processed by object information processor 290 and camera
processor 255 is transmitted over network 720 to a server 730. Network 720 is shown as a local area
network (LAN), However, a wide area network (WAN) or other network configuration may also be

used- Server T30XfIEE thE iRfSHERIOM M Seerhe Midisy i RadasrtignsRielsabe Y 350t agteferred
embodiment, gtrehjaet dnfarsratigneliest %@HS@F&?Q@@WWH%_Q@S_SE@%B‘_BQ%R@F%%S@ 290
0

forwards the time-stamped information over network 720 to a object information server application
running on server 730 MREJFREYRFSHHEBIS 88N A Bl Ationr BrRis sHe piaralitydaftalsese 735

using the timetsammeasd a25 Dassakidenifier fychasdie BasCods Teas-ramdneBarce!. as

identifierg of the c%ptured information. Similarly, an image capture client application running on

camera proceS807B8ERorardE Metviomk athped fRage THGrmisrinteveinaswse 130 to an image
capture serveeaaRioRSIQPIIBHADCOMBEIUAS dRanT NArEIAgS, FAPLIB AARVEF application stores the

data in 30 database 735 using the time stamp identification information. Using the time” stamp applied
to both sets ofoYNRLH R RHRBrafdieP lyjrinibe 18fameatinods i vasturintiner digrtediiffering

locations alonerhets dhfetcatwatsiaamsALINRALANSAR b corslalef i gaigbase 795 by

server 730. Single facility-server s%fstem 700 also incorporates a plurality of user terminals 710. User
terminals 710 are abl&t8'8EuCUBRIRBIHEABAMTRORT Hhaaranenet TREvionemork T2aendeserver 730.

User terminalp areefanferxamnln esbagr@kgefaw% QAR 8@8@%18@2%?%%&%@8&9&?&@9

electronic information and displaying the information to a user. In € Iment a web
based client dYSIcEEBINELRCHHYsEGefhsarz1a disanany ahmlemeatiaicility dfakegresenst invention,

more than Onwm%mﬁﬁ&w%f@aﬁéﬁﬁ@gﬁgdﬁ’ g bg cqipiayedipi gingle;Rarse!
Processing 1agEer 930 i Gatabads 135 may be used b siort and o
y be used to store and access the

information provided by multiple parcel information capture systems 280. By

15 utilizing a single server 730 for 4 facility, the data collected from muttiple
parcel information capture systems 280 and stored in database 735 may be
easily accessed via user terminal 710.

Fig. 9 is a diagram of an implementation of the present invention for

use in a system encompassing multipte facilities. Two facilities 940 are

20 shownin Fig. 9, although any number of facilities may be used in accordance
with the present invention. Facilities 940 are each shown having two parcel
information capture systems 280. However, any number of parce! information
Capture systems may be employed at a facility 940. AsinF igs. 7 and 8, the
elements found at the individual facilities 940 are shown as connected

25 together by local area networks 720. Facilities 940 are also shown as being
connected together by a wide area network 930. Wide area network 930 may
be, for example, the Internet or other suitable network configuration.
Connected to wide area network 930 is an index server 910 and an index
master database 920. Index server 910 and index master database 920 may

30 be provided within a facility 940.

ndex master database is a central source of information used to locate

information stored on the multiple databases 735 within the multiple facilities
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than one parcel information capture system 280. As shown in Fig. 8, a single server 730 and
database 735 may be used to store and access the information provided by multiple parcel
information capture systems 280. By 15 utilizing a single server 730 for a facility, the data collected
from multiple parcel information capture systems 280 and stored in database 735 may be easily
accessed viafér fepenfath0 aRigeo stardpigrartedbantinplomentiatioatof whe preseificinvention for

use in a syst RASSIY. ' liries.; -ilit] in Fig. 9, although
any number ?fgfra%%?t?e@ may be%gsg(gﬁf é%%ﬁ%ggv %ﬁm&g@z@éﬁgﬁgﬂ%ﬁ%ﬁﬁ%%g 940 are each
shown havingvdorsasssisasforhigtinnieapaast sy stetab280sidovecveala avynaspbedviptrcel

inf ti t ility 9 in Fi | t
found at the (oA e T e DR e LRt P G L R e o 720,
Facilities 94026. alkbestibormatdeingy donhetied regecheddytifivrtierareantswercd3t: Wide area
network 930 may B8, foF £XAMPIER G Ofe 9IRS TAUQHs %B%%ﬁ%}é}e Connected to

t
wide area network 930 Is an Indéx server Q%Sac%c} an index mas?er\%atagase ) x server 910
and index mastetdstdband 920usayicBlilyengroviddn withid snfaoitigtioaGaptiasensastent2Bbase is a

central sourc ' i o] i tion stared.o ipl tabases 735 within
the multiple fgﬁg@%@%@ﬁ)&?ﬁ&ﬁﬁaﬁ@% L@%%g@e%}oet?n%a?og ?éégf}%]fogrggigﬁo gfout a specific
parcel will notnfecessaiakeotvarhict fecliity 94 0ciateagivithitich frgrrcalcivasspioeessdd. The index

nformabon caere B B L B B e e T e such
as a bar codessrirackiast ninfiyeraties dataandaemer thatethglibfebmatierspasifeaptjesd, tid a code
:;’;’;%Z;gmvvahylgaqgﬁft‘g ;e@gwg&i%@, ARSI NiARGLFRIIUES (e ARfoImarYRA. {h g index master
master database 920 to determine which database 735 contains the record-
specific information. The server 910 returns the results of the request to the
15 user terminal 710, which then sends a request to the specific server 730
having access to the information stored in the database 735. Server 730
accesses the requested information and forwards it to user terminal 710. The
steps required to access the information are transparent to the user after the
object specific query has been initiated.
20 Two basic data access paradigms are availabie to user terminal 710,
"pull" and "push.”
The process of pushing data to the user is provided by a "push”
process application running on server 730. As the information provided by
object information processor 290 and/or camera processor 255 is provided to
25 server 730, the push process application analyzes the data to determine if the
attributes assigned to a given object meet predefined object characteristics. If
the attributes meet the predefined object characteristics, the information
acquired about the object is automatically forwarded to a user terminai 710.
The push process may be used, for example, to capture incremental
30 dimensional revenue by improving the ability of the system to determine the
proper dimensional weight of objects being processed. Parcel information

capture systems 280 operating to determine dimensional information about
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information about a third party associated with the parcel, such as the party 10 who shipped the parcel
or the party who is to receive the parcel. When a user requests information via a user terminal 710
about a specific object, the request is received by server 910, which runs a search against the index

master datahgse 920, ine which databasg 735 contains the record- specific information. The
server 910 rt;?u%rns the% u%til,r fgthr{a},ésr%%%eqsﬁ % ?h%?Tg r&%‘@ﬂ@rﬁﬁﬁ?épﬁ?&@vﬂmiﬂ%ﬁ-sénds a request to
the specific Seare?B0 Iaviity actEssacs ianioniiationestarag i thestatahasepfip. Server 730
accesses they j tiop and forwards it to user terminal 710, The steps required to access
the informatiomﬁéﬁggéﬁrr%%g the Elﬁ%{gro e r%%n%%l‘;g%tes%%r&i gﬁ&é?{?ﬂ%@ EERSHRRed. 20 Two
basic data access parnigaperctamitakiie tsnispirtgrminat i7it Gorpeiovedirpusbyehhe Regess of

pushing dat [ ' by a "push" process application running on server 730. As the
informr%tion m%ﬁ%éio%%gﬁ%ﬁ%ﬁ%%ﬂgﬁ%gi 51 P& ahRasgF R 88rsdiRShrovided to
25 server 738ntHegpughgrceess dpplicationsandljzesstepdata 10 detaimies iftheratlstpytes assigned

to a given obj fined object characteristics. If the attributes meet the predefined object
characteristi(;ég), t@ﬁﬁ%ﬁ%&?&ﬁe%%%{lrgg %ﬁ:)& %C?dﬁj%%?‘ig%’l%ﬂﬁéﬁ&w‘%ﬂﬁgrﬂéa ¥l@iser terminal

710. The pugﬁtbﬁgb@f%dhayrhmm&afidm@.leTWr@fiﬂ@@w@ﬁéigﬂaimmg@/enue by
processed. R aE oo eI S5 B SR e et UFHSRAS Hormaior
about 117 olﬁiﬁétscapiplyrstmﬁmm@g'mtﬂScattteaiimi@mswmfommﬁﬁc&kgmg@% paracel information
N TR T IR T T i e A i
dimensional Sigigtitas 2oy altubatdedineansibraltwieitibiteased lontamsspriesh! confidence will
be calculated. Further, if there are irregularities along an edge of the object,
i.e., if the approximation of the edge of the object as a line falls outside a
15 given statistical value, a low dimensional confidence will be assigned.
By assigning a low dimensional confidence, the system will not apply
the calculated dimensional weight in charging the client for the extra
dimensional weight, i.e., if the dimensional confidence is below a set
threshold, the calculated dimensional weight would generally be ignored in
20 order to avoid overcharging the client. In order to supplement the
dimensional measurements of the parcel information capture systems 280,
therefore, pattern recognition abilities of human users may be added. A user
having access to the image and dimensional information captured by a parcel
information capture system 280 may compare the calculated dimensions
25 against a captured image of the object {o determine if the parcel information
capture system 280 has incorrectly assigned a low dimensional confidence
value to the record. The operator may also calculate the dimensions of the
object by different method such as applying a least enclosing rectangle
method to the visual information provided.
30 ‘The push modet of data acquisition is applied to the above principle, in
that only those objects having a dimensional confidence below a set threshold

are selected as proper targets for review by a human user. The records may,
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enclosing rectangle for irregular object shapes. A calculated goodness or comfort level of the best
model fit and measurement is combined in a value called the dimensional confidence. The idea of the
dimensional confidence is to apply a numerical value to the likelihood that the measured dimensions
in 10 fact conform to the object's actual dimensions. If, for example, a parcel cannot be defined with a
certain apprd¥FARHIPAS, HBUISYIRY O dindrical Gifjees dhampeothbeidalistodechiectadetiaiion, a low
dimensional fi i r i i ifi n edge of the
object, i.e., i?tgr?é %%%%x%%%ﬁgjﬁﬁ%é: gf%@%@%ﬁgféﬂgﬁﬁggjF?o%stg?g)e?ﬂgl \é%en statistical
value, a low BRWERSiISHEFBIRRIEHBENN IPhaldBéigistiBy wesishirtentoredivigrsiappliednditience, the

system will ngt apRiyethe,calgulated dimgns g\ﬁigﬂ”g‘ép?%ng the client for the extra

dimensional weight, i.e., if the dimensional confidence Is below a set threshold, the calculated
dimensinal weight Woid! §eisertligArsmigtasteddfivwer erddeidanmitioMiohasgimy thBestieny. In order to

supplement {ie: AFRERSIQNALASASHEP S A 6 RRYGEl PIOIRUINERRIE SYsieme 280, therefore

pattern recognition abilities of human users may be a aving acce € Image and
dimensional ffBAMEIGN dERGR Oy s pailcEl Cinfbrohatiopvidp ruimagsterpiastinayfrcompare the
calculated digigRgions Z89alnst & Fap: | f lect rmineif arcel information
capture system 280 has incorrectly assi%}irﬁggﬂ%ﬁ}a%%%ﬁg?o%gf%c%?nﬁgée%ﬁgggluéeb%)%hgé%?g&)ﬁrd. The
operator maPaHEIRIRHE REHRhdASIBnsT bEtipagsjdurhysdiffd@H mittvsdisticserstapplying a least

enclosipg re@2agAMARREd Ry BupLAtormation Bravidad. 20 e eyl madslafdaia acquisiion
is applied to the above principle, in that only those objects having a dimensional confidence below a
set thresholdP@ird @3fectBieds propeptargenstotesyitnrbyhenmthe imegebherecsioedsnedy, -18 for

example, be CEMigWRA;BY, $6THEE @%%tﬁﬁéfv‘f‘és DRI SELeS 1, 218RA%E ([ FRng i dNgssLipcords
having a dImZeg(S)Igcglr %%Lf;dence below the level

The virtual reality modeling language browser 1020 displays a virtual
15 landscape encompassing belt 250 and any objects on belt 250. The virtual
landscape is compiled using the dimensional data produced by the vertical
height scanners 200 of the parcel information capture systems 280. The user
is given the option via view selector 1055 of controf and information panel
1030 to manipulate the image by selecting different viewing angles for the
20 virtual iandscape. The angles are shown as, for example, top, back, left,
right, and camera. The "camera” angle simulates the same view of belt 250
that is provided by the image browser. Using scrolling bars 1035 and 1045,
the user is able to advance the parcel landscape in either direction. The
control and information panel 1030 also suppiiés the dimensional confidence
25 vaiue 1040 and parcel identification code 1050 (shown as a tracking number)
assigned to the parcel in question. The parcel may be identified in the virtual
reality modeling language browser 1020 by, for example, dispiaying that
parcel in a different color. The dimensional confidence value shown is 87%.
A number of options may be given to the user to alter the data. The
30 user may be given the option to split the parcel, i.e., to chose a position to
segment an object that was perceived by the parcel information capture

system to be a single object when in fact two separate objects were present.
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beyond which the dimensional information would otherwise not be applied will be pushed to a user
located at a user terminal 710. 5 Fig. 10 is an exemplary software interface 1000 for use in collecting
incremental dimensional revenue. The interface provides two separate data streams, an image

browser 1010\/\§Zhiché%rovides_im?j%g3 information from a database 735, a virtual reality modeling
language browd8F3 620 Uei L EGHES A SMarRERYR pAvele0sEaTRéadiskibeb@Rer bottorallows

the user to 10@xaminatintages ahtheRaeRISMENINAGSTH SAMMANGS WSIRGsRI9eralling;par 1035.

There is also a sgggrﬁ]%v?ftion where the images are streamed continuously to the user to provide an

image of the o BeafsHaBIEED8atbuer ifemaie Giual veantmobelpiyeantisage browser

1020 displays @oticinab 6 lansisaansenronprsiaodRel B5Mhand.any AL hRILRQ: The virtual
landscape is c(ggﬁoiled using the dimensional data produced by the'vertical height scanners 200 of the

parcel informatiSHERREOR frso 60 thaobiest. id Breseheanpttiewriaiewemiertor 1055 of control
and informatidrncmanﬂlam&‘@gtgim&%@%@@@dfﬁﬁ@%@%é%@@gt@if?%ﬁé%g}ﬁwg‘,%éﬁﬂl% for the 20

virtual landscape,.The angles are shown as, for example, top, back, left, right, and camera. The

"camera" ang| ARG HrES i T Dbired buoRsertnat Bl e@n piHe mrsgedrowser. Using
scrolling bars 1035 atkt@4he ifoisesivAIodn:My A9 ERINRBRIGH tANSEa08 LcThecdifertion. The
v

control and information panel 1030 also supplies the dimensional confidence 2% alue 1 and parcel
identification 780 AR 4 GadRRgvRitised marmaed weiahbasvenne beseshoThe parcel
may belidentiig raiberxidbrianlbe medeing RVHAGP AN TS 1RAP b g examle, displaying

that parcel in a different color. The dimensional confidence value shown is 87%. A number of options

may be given to the (REPEPHEARIE @5GE SR TR bR dheragase euas thdndpratiorsienne parcel, i.e.,
to chose a posjtifbies SPame AhehiersdalupRSECRIVEH, My Lis-Rarseldnfarnatiop.garire system
to be a single object when in fact two separate objects were present.
Query may be, for example, a package identification code (bar code, tracking
number, airbill number). The query may also be a request for information
15 from a specific parcel information capture system at a selected period of time.
As discussed above, the proper server 730 having access to the proper
database 735 will access the information and forward the results to the user.
The database query may also provide a subset of information desired by the
user, i.e., server 730 need not supply all available information about an
20 object, but instead may supply only those categories of information requested
by the user.
One example of such a pull application would be access to the image
information provided by camera server 255 to provide a security application,
In such an implementation, a user would select a specific parcel information
25 Capture system 280 to view. The server 730 having access to the information
provided by the information capture system 280 would access database 735
and forward the stored image information captured by parcel information
capture system 280 at a selected time. Fig. 11 shows an exemplary software
interface 1100 for providing the security information. Any period of time
30 stored in a database may be accessed by a user (the database may store the
information for a given period of time such as 120 days before erasing the

informzuon). The system may include a default, such that the information
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-19 Once the user initiates the split operation by, for example, clicking on a button on the interface, an
algorithm may be applied to then try to resolve a valid shape from the combined outline. Alternatively,
a user may be given the option to go in and edit the captured data points, e.g., the indices used to 5
define the top surface of the object. The user can, therefore, remove individual irregularities in the
outline of the PETEERYS HdP dnarviphs, wehisyih infineriregnlirte $inducethbyatsepnddiractiraly part of

the parcel. Usifg the deiermasicn AraiaRiaiin:t (5is gieng sitherepchargadhe
parcel, i.e., recover_the_dicrﬁnrgﬁsional w@%ﬁi@é&fﬁ?&a@&fﬂﬂ%}o@hﬁg&@ﬁﬁ (fr@he}ﬂﬁe’((jl %éta, or to
move on to the$RIxtSpaieen inameien i tesdlprocéigtusastrvergedsts fitovmatmagesm

database 735y forua g dataasgauery to server 730. The database query may be, for
example, a package identification code (bar code, tracking number, airbill number). The query may

also be & request for fHIGHHRIGH B Yrsnhg $pabiipparcdhtafarnasewoaiire sstenanalselected
period of timecnﬁ‘?dﬂ%#‘%%?ﬂ@e?%%HEOQSHS%HWHY%Q?’&?%%?%E@@J@ e RisRelditabase 735

will access the information and forwar_d the results to the use ase query may also provide
a subset of infAB RS EBsREd Byntidliages, ¢Epasitege 1801dbad ndifsuppisr algyible information

about an 20 opifGtauldpsieadmay aa&%g%%g@g%ﬁg%&%ﬁ@I&fgﬁm?%?pv&%ﬂBsié%? by the

user. One example of such a pull'applica ss to the image Information provided by
camera servelf U SERGedVisl eedusaedtity gpplicslionys|assotemp ianp leoffereetidnteafase Willd select a

specifig garcejdnfgunafi 230,10 Vie (3Q: viq$ ACEESS 10 the
information provided byﬂ ﬁ}rg%nefgﬁrﬁgt%oﬁéz%&re sy@t%lﬁgn%gjétkvi%?‘u?f{dg §ég§é}s| Bd%lta aseg%g ghd forward -
the stored im&F ipEsinafidinckiparunbepaldenpfofiiatisanaptiorsystavide bydrdeldots time.

Eﬁ i nﬁ Shows i BX&rB RN BN G LRRHAG BV A DS SESHILY {81Una i, Apy period

parce! identification number into search field 1230 to start the search process.
The system provides side by side views of image information in image

15 browser 1210 provided by the camera processor 255 as the parcel passed
camera 285 and a three dimensional model of the belt 250 and objects on
belt 250 in virtual reality modeling browser 1220 as the parcel passed the
dimensioning system. The default view provided in the modeling browser
1220 is the same perspective view as from camera 285. The user also has

20 the option to change the perspective viewing angle of the three dimensional
model to, for example, the opposite angle from the camera position {back),
the right side, the left side, or a top view using view selector 1255. For
situations where the viewing angle would result in the obscuring of objects
because they are behind other objects, semitransparent viewing of the three

25 dimensional modeled objects can be provided. The object in question can be
shown by modeling browser 1220, for example, in a different color from other
objects. Interface 1200 provides information about the object in shipment
information window 1250.

it will be apparent to those skilled in the art that various modifications
30 and variations can be made in the field of parcel information acquisition of the

present invention and in construction of this parcel information system without

departing from the scope or spirit of the invention.
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30 stored in a database may be accessed by a user (the database may store the information for a
given period of time such as 120 days before erasing the inform ion). The system may include a
default, such that the information -20 displayed to the user will be the information from the current

date and time for th%aselected parcel information capture system 280. As shown in Fig. 11, the user is
given the option to stop ¥HeBRPMARLRS! iR QU SRE FRW ’Uft?t%éé’@ér%?tré%tgﬁ)ﬁ?esgﬂﬁ' ®ffimages 5

An alternativeituseath e piilldypeiatdaiarnesaps wpsltihesfon el teestamsE salYRgoAPErations
sort control, I%Fr%%arcel attribute identification, and security and surveillance of package handling . The

user suppliesHHSATGHdHEEBOut ks SRREsHdhigh We e AicRippIRAH@NEBIESKECt information
is returned. Fighriddhausaanessaiphiayysalinaie iatafrce kR0 fop reias losating parcel

based on a parcel identification number, e.g., bar code or tracking number. Many of the same options
provided by i%g?fég:g"1‘5@599@%Va'éi&ém'ﬂge?@ﬁf‘ﬁﬁterface 1200. The user inputs, for example, a
parcel identification number into search field 1230 to start the search process. The system provides
side by side views of image information in image 15 browser 1210 provided by the camera processor
255 as the parcel passed camera 285 and a three dimensional model of the belt 250 and objects on
belt 250 in virtual reality modeling browser 1220 as the parcel passed the dimensioning system. The
default view provided in the modeling browser 1220 is the same perspective view as from camera
285. The user also has 20 the option to change the perspective viewing angle of the three dimensional
model to, for example, the opposite angle from the camera position (back), the right side, the left side,
or a top view using view selector 1255. For situations where the viewing angle would result in the
obscuring of objects because they are behind other objects, semitransparent viewing of the three 25
dimensional modeled objects can be provided. The object in question can be shown by modeling
browser 1220, for example, in a different color from other

-22 -



objects. Interface 1200 provides information about the object in shipment information window 1250. It
will be apparent to those skilled in the art that various modifications 30 and variations can be made in
the field of parcel information acquisition of the present invention and in construction of this parcel
information system without departing from the scope or spirit of the invention. -21 Other embodiments
of the invention will be apparent to those skilled in the art from consideration of the specification and
practice of the invention disclosed herein. It is intended that the specification and examples be
considered%‘s‘ﬂé%hplary only, with a true scope and spirit of the invention S being indicated by the
following claims. -22 CLAIMS: 1. An inter-facility system for capturing, storing, and accessing object
information obtained from at least two object processing facilities comprising: at least one object
information capture system located at each facility for capturing information about objects being
processed; a server located at each facility for storing the information about the objects being
processed at that Aacitityr-&aviitglexssenver tapidengifzingribetaciitycatintistdbariformiation associated
with each @Riggtds ﬁggﬁeg l@asﬂﬂﬁo‘%ﬁé J)gégé{%e cﬁiﬁecsl% q,lérh%laim 1, wherein the captured

information includes %%{ect dimension information, o Ject identification information, and object image
information. 23 AESFRRETe eyeetBlamRI METHOSYEOR DFIERR NI BHIECTS An
informationcsysteny fiof stosiny abtrievingotprosegprgasddisplaying information captured about

objects passing ag EERI&Pﬂ%&%&ﬁ%‘?%&%Xéﬁﬁﬂo??t%&ﬁgo{}{é‘%ﬂfm{mn about the objects being

processed at that facility;

an index server for identifying the facility at which the information associated with
each object is stored;

2. The inter-facility system as claimed in claim 1, wherein the captured information
includes object dimension information, object identification information, and object image
information.
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processed object information may include, for example, a visual representation of the object, a height
representation of the object, an identification code from the object, dimensional information about the
object, chemical signature information from the object, temperature information, date and time
information, and a three dimensional model of the object. The various types of information can be
accessed by users via a software interface. Fig 1

ABSTRACT
SYSTEM AND METHOD FOR DIMENSIONING OBJECTS

An information system for storing, retrieving, processing and displaying information
captured about objects passing an information capture system. The capiured and
processed object information may include, for example, a visual representation of the
object, a height representation of the object, an identification code from the object,
dimensional information about the object, chemical signature information from the object,
temperature information, dale and time information, and a three dimensional model of
the object. The various types of information can be accessed by users via a software

interface.

Fig 1
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