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invention relates to systems and methods for determining the dimensions of an object. B. Description
of Related Art In systems that operate on large numbers of objects, it has been known to use imaging
devices connected to a co i AL I aithih théi€Hdracteristics of the

objects. Uses of Ul ySiasus IR A ASHHISNES A RRELPS SYSISF1B, 0 )

manufacturing industry such systems are utilized to detect defects in the items being pro%ﬁced. The
use of the autbRited HaTdod S@CHEh @ SidHexl épmipard 9% producitaskiitgtecainadsagamist the
desired charagieristics 40, 20, dateraine fihe;| i r [ wvithi tolerances.
Another indusftr%‘13 where such 'au'go{rr?zj:';%(ff gbﬁégta %%?gé?e%ifa?%%%i%ﬁa#ﬁ;%%n\% %qe\éé%ge known is the
package shipfieginacstey Parkiadges referpravgded, for example, with bar codes, wherein various
types of bar code scanners are usgdde pplieq £ arcel. By decoding the 25
information provided in the bar co@mﬁ{%@@?ﬁ%m@%de reader can determine, for
example, the addresé\to whicieid@btiredhigaotios shipped. Such information can be used, for
examplg, (0 route therpacpac.ia HRIRRSTASRICRIA).RYSeM haNE@SaRENURsH R gtermine
STra Y, S

the dimensional weight of 30 packages being shippe itiona ipping charges wer
determined the dimensions of an object.

B. Description of Related Art

b aws

In 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
systems include quality assurance visual inspection systems. in 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 fall within aliowable 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 {o 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, o route the package to
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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based on the weight of a package handled by a shipper. The determination 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 charff ?ﬁe&h&?‘ﬁ@%%é@&ré@%@ﬂe‘&'ﬂﬂ(@‘?é%?rd@é%@&?&%ﬁ&ﬁ%‘l”'%l@ﬁ@”ﬁ been

used to ypieaticaly teesmpsnthedimensinnscf ferckroes|evgskeppad. thaterickagpemtion
Treaty No. W099/49411 teaches, the use of two I:’g{j“ showers (IiEear arra%{s of sight ségfurces opposed

by linearSHETRIBHTGHPESEHEERS PiscBH PURERIRIIPRR STFRHARE]E di L& FT g8 ined by

analyzing#ae giestigs paeackhightehewssdhaitisnplaskest bhéheceatkase. kb&d. Pataniiber 5o815,274
for VOLUMETRIC MEASUREMENT OF A PA%%%L USING A Ctggn%lNE SCANNER AND HEIGHT

SENSORYSSIME Py Gy UP69s R BREOMANGALY S RITURES SR PEneh 8BRRYRIng a
linear C@aiagashiphasitistaad OveparetiveYasdigiiNe. dICagas thie idithasdengse afawarcel and

a height scanner positioned adjacent to the belt to determine the hejght of the parcel. The height
cencor DI IONE I Ble L8 AayEENRRLIGHE O BBy ARG (o LR side to
determingahedns)jgiplaStM MBI @IETaHy .| NMEN Dis2kaigsarapteagibagineestdeteyrmimaddegfficient
access to the incregsing volume of information available abou arcel being shipped. Example
rmbodnRYARY, TROHaR: RER e Bh A CHRG AR SeRLCEb ey Ut A RaHIn e ation i
order to irgteasdNhesreiahiity ehthaOntoMETRICLMEZAS WRBRIBBITIRF parARCERINGSINGPAd.
Addition v ) e odli [ orth in partin the descriptj ich
follows, %@%m%ilﬁ(gég@E%sWﬁ t%@gg&m%gﬁ%ﬁéafﬁﬁgepffaﬁ@d Lb%ﬂbrjgtr’lcél %@%ﬁ ple
embodinReigolde ativintigelayel ke neatizatl ahdimdakiediny nems of thealdDGDts eanther
combinations of the example embodi s. In a first agpect of the invention, there is provided a
method SRRBARAGSU EHIGHE oPE B EEEa TR Mt ey RS AL AR, 818 hape of
the height scanner positioned adjacent to the belt to determine the height of the parcel.

The height sensor projects light toward the parce! and receives light not biocked by

the parcel at the other side 1o 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 advantages of example embodiments will be set forth in part in the
description which follows, and in part will be ocbvicus from the description, or may be
learned by practice of example embodiments. The advantages will be realized and
attained by means of the elements and combinations of the example embodiments.

In a first aspect of the invention, there is provided a method of determining
dimensions of an object comprising: capturing information about the shape of the
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 value is below a threshoid 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



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;

capturingramirpaaeuphaheopriegsrdisplaying, 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 objtBtSaRaANsLaEREARL M RKentithdieIg s oHRYErAGR RRIBEGRTARISIRBIRIBA 2 from
the humaIARRSRIAL Y HRCSRELSBRRSRIIHIE IBNBRIATY trebrimBsnvisiasL Metiupd sé datermining

dimensions, of an object comprising: capturing information about the shape of the object; processing

the captHBIFRIIHASEBHIE Hr6iaP KIERFLIRFALASNE RIS R duss HBvebfienaldnefsin) a
dimensiapal epntdenefovpluakasashgndhgitherrichaensioni naadehRkthaebieh caRiUiRgeAN image
of the object; displaying, if the dimensional confidence value is below a threshold value, the model of

the objed' RSO hTREIBt Bl RRiasta AR EINg R dBRRIGh RS PRistimdsripdingoifisdjust the
data corigsRensingeiccHifitiieesdimeasio palmpdeal R ARPMNG Heatitete &f IHedshRT Panev

dimensional model of the object. In a third aspect of the invention, there is provided a computer

program fof RASE P REREIGHE SHUREORRET %pﬂ%ﬁﬁoﬁ}%m&m@%%@fﬁ&r dBrAplShg:

capturingriafeimatisrekpuhiiashentS e kipss Hyioaedsinadée saptarasyindormatieudyovide a
three dimenéional model of the of the ob'!ect; calculating a dimensional confidence value based on the

three dinfBRERIEE ABEY Bireeipiet LehtrarRieie of the object; displaying, if the dimensional
confidence valug i bstevaagbeestolde akenhenadatofdha ehiRa anddhimagereftamofiect to a

human operator.to confirm the fit of therag[)del to the object; and accepting the three dimensional

model orfEFRLUBSAITICHHRLRISH AOMAUREh IRRRTGERIPSHCI TR JAFHR D CRRENRion, there
is providedstemmpuifoRregi Josletersnisngpdimsnsiensopiest Opikmie damgoRLtes PRM

e & el o g SopLu aialon abous e e o phest ppcecoing e
confideneinvatsiobasem afidiecthies dinersidneh maseheidhgimeiegbnal model of the object;
capturing an image 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.

In a fourth aspect of the invention, there is provided a computer program for
determining dimensions of an object, the computer program performing a method
comprising: capturing information about the shape of the object; processing the
captured information to provide a three dimensional model 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 value is
below a threshold value, the model of the object and the image of the object to a
human operator; allowing the human operator to adjust the data corresponding to the
three dimensional model; and applying the adjusted model as a new dimensional
model of the object.

In a fifth aspect of the invention, there is provided a computer readable
storage medium for storing a program for determining dimensions of an object, the
program perform_ing a method comprising: capturing information about the shape of
the 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
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capturing an image 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; allowing the human

operator gnashi«sb e CoiacaRERSPANAINg Be ke JhreespisleNeiRRAROARIGaNEraRR YRR dhappliusted

model as a new dimensjonal model of the object. In a fifth aspect of the invention, there |sr$)rovided a

computetediiage slohgehieshim foPYBARLCRPIGIR erte-Himifl of HupdnpredtadBhject, the
program gisjdetmin Seneipad S InPHSIEs: gRREHENshinferatirpabYtihsshape & theiokiest:

processing the captured information to provide a three dimensional model of the of the object;
calculatiffPqd’ LBRRIYeFfRIBhce value based on the three dimensional model of the object;

capturing an imagezokiam obipricdispiméntvb iR reasimensional rrufidenesmmpiue isdiawa
threshold valye, the model of the object and the image of the object to a human operator to confirm

the fit of IRETHEBY T INSh R A OHEAIE HFIG TR digneRsSIoh & RB RBIEFhShBg BN
indicatiodrRimiliey s matheretataprigisgSisdp asnes ibiedoyantopunere HrRtndred acaputer

readable medjum for stqgring a program for determining dimensions of an object, the program

performiftPie e Bl0aaSHRGHKIR S ARHIE G TRrRton P YR AdhieR Sime Bsipnal gprie! Sfocessing

the captutesl iTfer@ativedp, iaridath i reaidinasriaar dvafetatdhrpidheRigcb#wiaiiag a
dimensional confidence value Pased on the three, dimensional model of the object; capturing an image

of the obfIEICARIAF R CAEhE! dilE LRIRFHaCARHHRA RN MRAOR BkibR Stusclsitipiaying, théBodel of

the objectiamnshilehinagafRfshesolifg te Bdibman RN, wllowinedadddnsnveeisaitarrijust the

data corresponding tq the three dimensional model; and applying the adjusted model as a new
cmensicl TR 6 (1S G 1 2 SoUBAM GRBELoE! B8 6 HEFD SR RIRetp ey

interfacettas gsoyidingdsfunhigna iesttareebipeidasionssnibadnteracamsymng e ajusiage
section for proyiding an image of .the object; and a virtual reality modeling section for providing a three
dimensioﬁﬁqﬁtaélgof]ﬁ’(&%ﬁ‘@%% Girhb o RBERformation captured about the object.

in a seventh aspect of the invention, there is provided a user interface for
providing information about an object to a user, the interface comprising: an image
section for providing an image of the object; and a virtual reality modeling section for
providing a three dimensional model of the object based on dimensional information
captured about the object.

Also disclosed is a system for capturing information about objects
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Also disclosed is a system for capturing information about objects 2b moving along an object transport
system and includes an object dimensioning system for producing object dimension information for
the objects, an object identification system for producing object identification information for the

objects, an i capt oduGing, electronigi es.of ' disclosed
s an e G O g o e

least twosyBj&éh pfeteBEMY tiRdlitieRiesHcboprioandintHads At fenstsneobigsts infsrmetent capture
system "?&éFﬁﬁi@étﬁﬁ?@%f@iW i pﬁ,%raémg ieaeeaﬁ@éhﬁheatiehi%‘%Fanh?éﬂarpﬁ%ﬁe%ﬁgyﬁfgggvef

located at each facility for storing the information about the objects being process acility, an

index serd@d fp i&@ﬁma@mem%f%mww@nf@mm&@agmeﬁ iienbigstsobject is stored.
Also disclosed iR Metgd-br eCareing- R eRyShersH ?&%Qﬁnﬁ@a&twgbhﬁ&s&e%&ﬂfs

including steps of capturing information about the Shape of an object, processing the captured

informati€RIgSbidfpteaigiabtaned dioraahisastdvemeiedid msgessivalfatdiies sdhestiiedal
confidengg, yalygiRRsed 486 Ao piimensinAMfBRIS Sf ke QRGh FaRinaARdRRasR.Afhe

object, displaying, if the dimensional confidence value is below a threshold value, the model of the

object anf§F tRERMHEHE dhipEMBjet: 3beub rRiasiSobRINS: RICHRIRAtNG AEbIendasrigs & ®Rchbject,
and accepfingyhtiggsimpasioRaanse! Mt iesedeBia bl HisR-8om hethumagipperator. It

is to be understood that both the foregoing general description and'the following detailed description
are exenflaloSdSSINRINEbAFIMIYIRG e FRilit¥st criech Heeniionpalinmgeramiatgd, Wiich are
incorporaigdrinapebernstireg a part of this specification, illustrate the example embodiments and
together with the” description, serve to exEIain the principles of the example embodiments. BRIEF
DESCRIPTIONAS#eTABSRAMVIN@sRiNeds ¢ HIBeRVQHBEATRYE AR RARBM§H AR RF&Mhtion

capture syaight is3escribed 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 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
foliowing detailed description are exemplary and explanatory only and are not
restrictive.

The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate the exampie embodiments and together with the

description, serve to explain the principles of the example embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an exemplary parcel information capture system.




WO 00/59648 PCT/US00108975 Eig. 2 is a block diagram of a presenthygpreferred embodiment of a

parcel information capture system™®g. 3 is a diagram of an exemplary ical dimensional scanner.

Fig. 4 showsvavensaertiplary graphical representations of processed 5 data frompa pertiwpdsdimensional

scanner. Fig. 5 shows a g%a;ohic%ﬁér%gréejsentation of the operation of a bar code scanner as seen from
.~ FIg.

above a parcel transpott €yste GHRY LhBHcH Ty reseiaatsEaREiBRsaaba of a bar

code scannerassganitiomatiorsicepfiaparaetransport system. 10 Fig. 7 is a block diagram of an
exemplary system co‘gi%ﬁation for a single facility server system. Fig. 8 is a block diagram of an

exemplary system confutatich 157 AThGIFRAGHEHAARG YroHS#h Sireprs ks fionpation capture

system. Fig. 9 is a block diagramsabansxannary sateisppiisralintfemtamuiplestaciities each
having parcel waprrpation capture s#istems_. Fig. 10 is a representation of an exemplary software
AN

interface Yor u§&'%h' CaleBA BIRAPHiRRGERRS venue. Fig. 11 is a representation of an

exemplary software iffigrfacetionmsse drapiviaingseediaiiér BALIaD o] 61S: & HeRiggeNtation of

an exemplary software interface for providing parcel information to a user. DETAILED DESCRIPTION

OF THE INVENTION' RRREHLY A ABRVEARaes hibRRSPRT HRY HRWent exemplary embodiment of

the invention. Wheretiyg possibiesthegsapiadafeanes S auppersndlpe tarmh hrorghpubthe
drawings to refer to the same or Fike Oﬁgerts. The term "belt" is intended to encompass all package

transport systers, IRCting o RS, GraatgebierssertisHeMllowing description "along
the beltleneans meaSigemests indar dicegtion of BAl3R MBHRY RstdmibelRpgivslingl grx-direction
of the belt's legl%tggé Iégir!?t?/ségrever system.
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
1S multiple facilities each having parcel information capture systems.
Fig. 10 is a representation of an exemplary software interface for use
in callecting 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 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 passible, 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,'inc!uding 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 length). “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 .



belt" means measurements pegaendicular to the direction of belt motigg (i.e., in the transverse or
y-direction of belt width) as sh in Fig. 1. -4 0 WO 00/59648 PCTM00108975 Fig. 1 shows an
exemplary paroelsinfarmation capture system 180 in accordance with a first aspeetsftisresent
invention. Parcel inf%rmat'o capture system 180 captures information about objects passing along

belt 250. The informafidn cAPRPEIHIrBERRIBR ST B IRETARIRE HE YRR e information

encoded in adbarcrodeon Wierobjact theppesitorhef Hhedawitaderpmthe object, the position of the
object on belt 250, %p imgn.g_e gf the obéect, and the dimensions of the object. In a preferred
embodiment, weight itfSi a6 RVIRQITER Y S Y otHE SRR e DA EREHABARGN capture

system. Howekgecesgcale; ppetdblegwhile 2601 0T0Rieeliis inaneti axpasbthpatst bbpsmatian capture
system é80 maé/ b(ﬁ H}cﬁgworaﬁed |fn‘lt€ th%sg/ste_m in order to collect weight information. In the
embodiment SSHASA GV EI9RE PiRBIRIGHh ARG Oaitaneagared 138 Prioredads Belt position
system 100, aibjelofethdipesgioning tisgstemcbih ahahcetigeeapite syion diabeashidagshcapture
system 130, 15 % processor 140, The relative positions of the information capture systems is
exemplary o .Eﬁ% Spc%'i‘[igﬁg%?tﬂ%@?s‘?%bﬁ{‘geﬂb%qﬁmmo%)?w&%PQIBﬁb BBIF250. Further,

while parcel ipfefaatidnceaptutsysiewe LB iashawmawitls a slaghe dracessandHoikistuagerstood
that more thap one processor m%{ﬁbe used to provide processing capabilities to the various 20
rﬁé?“l

systems. Fur &Pﬁfgﬁdp AUARHAA Captre sySiams R¥BFpBratatheremie iiasrs. The belt
position Gystesbj&B0iprievidesibalppasitien jalemnatiomnittiacesseird 49sEne el prsitien information

is used to determine a Eeogition along the belt 250. Such indication can be provided in the form of, for

25 example, L'SPERASEFIMRHG Y 5lRER MACLEhiPrPiRrLEIfAl IRIGEREYSH- position since the
last pulse. The positipnfasmatienisevidaey Beltig. 1, the parcel information capture

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 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 {o 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
prdcessor 140. The belt position information is used to determine a position
along the belt 250. Such indication can be provided in the form of, for

25 example, a specific x-pasition or a puise 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 includes beit
velocity and belt acceleration information. By determining belt position values

for discrete points in time, processor 140 can accurately determine the
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position system 100 may also inc information about the time at whiglethe - position information was 4
captured. In a preferred embodim®Mt processor 140 associates a time e with the position
information YEritEEk4Fosition system 30 100. Information determinable from th&EbifiegasFErmation

includes belt i I leration infopmation. By determining belt position values for
discrete pointg ?ﬁ?ﬁ%@%&%&%@c 4%3{;}l nsggccljfiactgl?frrd]te't@r%?ﬁe tﬁ%reggﬂl(% %@f%%?ﬁ%g %e
11C1/US00/088 %8 meisitivthaf bejeeBiacanyospeelfie pointimtmes. Sutusinbytaigapingdhe
assumption t ject elt 250 remain at approximately the same position on belt 250 as
they pass pa@g%ﬂgrﬁmge{%kgﬁggggFgeséygt%%aféd? ?ﬁ%ez?s'ﬁ émac%?{jo%%gwﬁ%§’¥)§§’lﬁbf€%1dgg for
objects using finiéestasgnvigies brasposittet vathespletifitzalte ciethipformatiampPantekinformation

capture gystem 180 alsa.incarparates an object, dimensioning system 110. Such systems provide
information about th'e length, \%?d%ﬁ%r;%do ’%fgﬁtd of' ??lf@ﬁ}é%ﬂ-The systems operate by, for example,
projecting sonic or elEctrophégfosticborcyninte theebiet BT hiss)istemsalsizd Giinobjpatate detection

systems. The ' t rallyreceive either energy reflected from the surface of the
object or energ%ﬂ%gt vgarﬁsxrao% %jﬁg@ @'y GRS u?f{asct:%rg? t%reoﬁlﬂ%dﬂf?ﬁg% etk %}%Qtlﬁtattr}?etect reflected
energy operaterfothexsimipieandihgighhoiptes sineitdr (Greamerasner dpeants\sicts.ckagrgyetems that
detect energy i - the surface, of 15 the abject, for example, a light shower, operate
using a two d%@%ﬁgﬁg}: gé%gg%gfgeyﬁgrﬁjyms%%?ggsc Sh'ore scfgl| Ooipﬁé) %ﬁé& liﬁ& 3%3\}8 'El‘i?n%%&onal
array of (energycsepssadcodetes bppeyitteside dftthelohjetiom besdimengiansrafithe:chijest can be

ransmitiod er 70T AHEG o Sy L B ATy PSR e e PHQHAANRP BB the

entire object dtladieehtiintiee st oifdrenatifecis dapiurectabheuttitedekiectasdbe gbject travels

along belt 250 st G SAISE HUTERSIORIRY RIS TALD AR SR D BIRESSR0L 0, By associating
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 ime 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 information 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 pasitions of the objects can also be modeled.

-6 -



from the belt position informatig@awith the data captured at a given tigae, the 25 processor can build a
three dimensional model of the'®®ject using the dimensional inform2®®n captured. For example, the
system mayvdeteriyties that at time 1 the height of the object is z,, at time 2 theHgighoiEog2]sat time 3

the height is z?h%y ?SFeocEiBa ig&ﬁa h of these sampled values with positions aloggéhe object, the
height value alohg &' 6bject M5sHeldy & RHRSI RO LB T Uk (prate the

model of an oledia tbie aarepesmesition and orientation on the belt. Multiples object may be

modeled, such that tr}garr%gtiv%)osi ilons of the objects can also be modeled. -6 S r WO 00/59618
PCT/LIS00/08975 In & prefehdd e BBdiRfH e aim SN RIMTIRRS A B2¢HFBFhe objects on

the belt are creztptlrPajctéinfomaation capturesystenbidhalspintalidag a bansedensamibig system.
BecaUsesthe bar code on an object being scanned may be in 5 any orientation about the object, the
LA0RoRPB B BeCTe o

system operat8s USHG': el Miry A8 AT scBkal % dbRE%the object

in different orientigionsdiatativestotharbjgett Ehe dofenmeatian fomtieedhiaensipaifiersystem, if
collected prior to'thia se of the bar co%%pca ture system, can be used to focus the bar code capture

system at the PIOPEURIEIERTNGHE Toro 8ﬁ‘ed%\%ﬂ?fﬁ’ﬁﬁ?ﬁ't?ﬁh@%§r%‘@dgi%ﬁ@r§9§tem 120 is,

therefore, proeigitdrdpivndielticanpitie abjeet divensiening systiemabtOr&wiResnil thapasition across
the belt of the glgge&tt IS deter(gain d bﬂ\f, %]r% object dimensioning system 110, the different bar code
readers can be sepaorzg?gfi}sf T8 i &%%&9@%@%@%&%@ géﬁiﬁ‘f‘ﬁﬁ'lg@iﬂ%ltaneously

scanninpodifferentfebjatisnitavingeiffetaptihaigaise siapulianepsishnPezsing the kabaede readers.
Further, by determinjng the orieptation of a scanning beam that scans a bar code on an object
FeadounhE Ly ol

passing the b&I 20\ Ok G5h SR FYRESYPLRE Al Bode relative to the source

of the beam can be detetieineadt-zpectically athe femi@ belt of the object is determined by the

object dimensioning system 110, the different bar code readers can be
separately focused in order to provide proper scanning depth for

i5 simultaneously scanning different objects having different heights
simultaneously 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 angular trajectory
in space. By determining the time at wﬁich 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 ofthe bar code information. By combining the determined angular position in

space from the bar code information with the three dimensional model



20 produced by the bar code scang® travels a specific known angular tgectory in space. By
determining the time at which the code scanner scanned a bar code®nhe portion of the beam
trajectory endéhipasstdd by the bar code can be determined- This information cafzeseor#diied with

the informatio r%%tgé(eﬁr%qre} ogiect dimenilo iné%?sy(stem 110, i _e., the bar code scanning 25 beam
subtended a determinable angufar positiorn i 538 Bl  tREThEP Ao SRR ING SPRRNG Y ular
position can beandpped ontathd thittettdinpensianabjgadel of the objects moving across the belt by

correcting for the diffgrenacL(? gléitr)ngc Ssin the k%m%vn change in position of the belt 250 during the time
between the capture of the- dimerisional I RiaioH & obf’ha EDRIrEOSEIFRE 1Y de information. By

combining the aletemaitethaitiytitar pogitiorbin cepegedremithe:halsedariniasmatoronih tgdbree
dimensiogal “Qﬂﬁ'ﬁér"é:@dg%ﬁg?“8 I?OCT/ SOO/%8975 produced from the dimensional information,
the bar code informaton scahhed " ealy B&halo2RiRs it S BB e tield. 55058 Ybjects may be

defined by therbaermcogdiefpnoptiodiraesetaiad nidithe objasth s prehatingigensional information
of an object 5 with b:?;acrggia.' formation of an object, the system is able to associate in memory the

i .
proper dimensional infSmaton Wit the &%@8@5&?"@3 AlFBHASRIRPERIGDRSYREH 180 also

incorporates anaptage sgafure Sgstémalgdchpage el $RSYHTLIRLRIPHERS iNa@edidprmation
about objects g%%si ﬁtﬁ%r?sel information capture system 180. The image 10 information may be, for
a €

example, a blaCK Al FESIBIRALECH MO 8HR SR B SV SE M I8N PRSIk using an

n

array ofi¢hargeuaunpleth devices, (CEBSMRAVEEheinem@ee ROYiSlSH iy Saficposiion
system 100, obljl%cttt%irggnsi?nl system 110, and bar code capture system 120, the information
provided by the image ¢aptdre E\% RIS LS MR e taYeof Shatseirnueledrigdae By

determining a {id@lijferencathatweriidhe aaptuppovidadorpatienbby fhesaiect giteansioning system
110, bar code SRy G REASITNIRG SyStem 4 0° and bar Lods capture system 150 ha o on 200t

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 to derive information from the data
provided by each of the information capture systems. The processor is also

used to associate the information provided by each of the systems with the
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the position of the object on th It as determined by the object di sioning system, the image
information provided by the im capture 20 system 130 can be as3#€iated with a particular object.

Specificallyyififdsokpown that the image capture system is ten feet down belt 254 gy ghjact
dimensioning system 110, and the time necessary for an object to traverse the 10 feet is determined

using the v_elé‘éﬁfbﬁﬁ’i@fﬁ@@, tHeXITrAEGS Fidimation daptoredrativerdetermineddirde relative to the
captured d'm&ﬁé&?ﬂa@%mf%ﬁ&}HPébW'ibﬁﬂRWQﬁ&PdBl%%a‘PTéBE?rBPAeg%g'iESEﬁ{ESE%rEQt%WBe"b‘eCt

dimensioning system 110. The parcel information capture system 1 0 Incorporates a processor
140. As discuasEeriedelanetdesignation of a single processor 140 is exemplary only. Each

information capture WB%EW dﬂgﬁgpéﬂg@tg%%ﬁﬁ%gﬁsgpfhg e RI9GRSS, Mg nirs%g{)%\ﬂ%ed to derive

information from the data provided by each e information capture systems. The processor is also
used to asso&ikEteielRfbanbtibn! prosttadrby e achast indcsyaating withtuhe &/ WaTORAEDEYS

P asooiogag°sother cathstsiaioimenon so Laldfe SunssiRupiatTalen. Jaggre nformation.
and image information determined from a specific object can be associated todether. A presently
preferred emﬁém%rﬁ’mﬂﬁéfﬁafﬁél$§mﬁfa@oﬁ%pf@ﬂécgrsgsiéﬁea8i©@ﬁEigcaﬁsfﬂmas parcel
information CRRRER RSN A0CBIE Gedn el 9 1B BIIRIIM SHUN I ULEAN AR B AR 25
incorporating vertical dimensioning scanners 200 projecting dimensioning scanning beam patterns
230, bar codd3tarne 1 & plofédlinepbeslsodesbaniivpimrarndpatiitditepbeltas@rparcels 260

having ar costes 2ANCIRGNY G 05 A IR IO AIOGSS90E 290, GAIEIR processor

255, and encoder 295. Encoder 295 is used to corréctly determine position along conveyor belt 250.
Using the capt8ifed position of the belt at a specific time, and correlating that position with a time

stamp value associgiegl witl} WeLapiIe 1o correctly determine position atong conveyor

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 shatft encoder connected to a roller (not shown) on conveyor belt
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 pulse can be sent, for example, to abject
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 motion 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
30 three vertical dimensioning scanners 200 located 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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.. 15 of information from an object, tgatime stamp value can be used to prgiide a. correlation between
the object and information capture®®about the object. The motion of bel™®50 is measured using the

encoder 295y whighdgssfor example, a shaft encoder connected to a roller (not shopind @ §eRveyor
belt 250. When belt 250 moves the roller turns and shaft encoder 295 turns with 20 it. For each small

angle of motioH'A Shaf EHeodERe gimaneleciricat gaisesis BitderedsTtimaletticahpulse can be sent,
for example, tneierlofnipjmaden makesiLeg0le felsuning e poslipn.ebie el gl agiven time.
P

The position determination is made by, for example, colnting the number of pulsesSreceiv d. The
number of pulSHERBPRIALEGARNEIStAABe 25 using a known translation between distance and

rotational motion of the;shafticapaected fothe. r erying a posijtion determining process
within o%ect informatio% rocessor 290 atea gii/ge%gﬁ%? 'E%%%HO%I .%Q’ \‘/aé—ﬁjcéa Iofté){ B2 i that time can

be determinedSGHe ioMipig SPLthmeRBADING iBcieremBOtimehidssrigb2an ithreg3@rtical
dimensioning lgogtedhy e The er of scanners provided is determined
ARG g ?ﬁt% %%%’&t’%ééﬁ’gap%? 8561 pleics ay"%ﬁé’!‘i%%?g%{ned

in view of the requirement that the entire w S preterably scan
action of -9 WE&ASUEETE IIFCIIIS00108975!, thbisbaisnersjFtie didoensiaritdreoapaesthano are used

to determine therhsightpEakiess 9 t specific positions across belt 250 scanned by
dimensioning scal;r_mers 200. Fig. 3 s%c?v%% ?c?gaiﬁ;% v%'l\%%F gﬁwsg?(g?nﬁaﬁ{rﬁ 'Pe\’rﬁieaﬁo%r%ré'r%ijoning 5
scanner 200. VEffica! ditfmsiopinigiscadnar 200 inoledés mbeanmsolpcatda0 280 prodesing a beam

310. Thgybeargissefloeied By gLRtalipg he 340 creati scanning. beam, which is
projected dowr?mward from parabolic rrq{rr(r)?} g@ob(?%{%% h{lsyeP 6gf%gleég%ﬁi]ﬁ§e ee{ﬁ%ﬁtes (?gaerfﬁer provide a
curved verticAXHERER &F IRfrr300heHichprbjestiein 2 30riecflatien 28Manmsarifcpantel 260 and

belt 250. in the, BrearN B HT&fRIe8)es8Boslment e beam. spurce | ﬁ)a laser. The curved pattern 230 is

reflected from the surface of _
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

15 object. The refiection 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 range. 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
th_e 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 beit. By

combining the captured information from the vertical dimensioning scanners

-10 -



parcels 230 and belt 250 onto a detector (not shown). The operation gf the system at a given point in
time functions such that a poir%‘u the object is illuminated by the prgction 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 betVB&/#&&Mmission from the source 330 and its capture by the detedtbr 15 S8t Hned using

known laser radgy dadafindistan ﬁt%@%ﬁ%ﬁ@ﬁ%‘ﬁ%ﬁ’%‘@? JingiERg welHagL dmanpening

scanners 200 together provide 20 complete coverage o t 250. Any overlap between the vertical

dimensioning SE4NAEHES 40 adisiaineBeR @4PBE deBountbintopipcisrts@®aple, discarding the
height information prqyided\Dy-eng-0{the SEARNEradR;BE RYHGRRNGIRRIRI &AM St REpyided by

the vertical dimension scanner provides information about the height of all objects across the belt for

the 25 segmetit Bfth Blly SHEHEiEsybin ar Qe dintie ASIDAMGIBEhecp Bstagidhthrajerical
dimensianing seAnnREANERANALRS RIAGRS BHIRSHNRLIS]IER dewndbeRE it iparmation

provided by the scanners is time adjusted such that scans of the same position down the belt by the
different scanM&s g GRIGIBAECB rasRabHWRRas s stabt. BioTRat@iticalndiEsESidRtEPEcanners

200, therefores YIRS, IGETRION. A DB e SPISIF:AY .80 /sy section

down belt. By combining the captured information from the vertical ensioning scanners -10 WO

00159648 PCirRUSo0re8s s Disweltinte, adinnt iksieadiohtutian shie@stenzre baltecan be
captured andgddesiq,phisight Hﬁé%é’ﬁ?%}%%%%@&é@%%’iﬁ&tﬁaﬁ%%r SRRy height information
SI

received by vertical dimensioning scanners is preferably plified by providing data concerning the
outline &f the pari&instepetificaydtaeiatita corresponding to the top of a flat rectangular parcel would

e o of R SRR P SR e e
characterized Byacterizes that portion of the top surface of the object being scanned. The
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 mode! 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. [f 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 ciosest
model shape, called the model fit. A geometric or statistical interpretation of

30 the data may also be performed. |

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

data. These images incorporate the information provided by the three vertical
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plurality of points, the line is char rized by the three dimensional 10 ggordinates of its end points.
Further, lines at similar heights m e incorporated into a surface thataracterizes that portion of
the top sur{ggqlé)!f;;gggobject being scanned. The surface may be characterizeq,gyfm%gggsthat make
up the border of the surface, such that, for example, a rectangular parcel can be represented by 15
the four threeddimensiomad poiatceor difig{estotthibcarpard @ttt topfeufabe- vediicular parcel could

be modeled ag a circle having a specific radius. The more complicated the sh e%%lr% more point
coordinates ?r%én r%’&ﬁ‘lré‘cﬁ% Srr‘%éa’&gﬁﬁg @ép’%lﬁ? CE'Q f%gogﬁgﬁf)f'ﬁ] lf%’(?t ensional points
provides infdremationrabbotthiepeshimmmobtreooipjedt i pades. intduer then, asthgdne intagmation about
the top surfac{eZdBf an ob{'ect the | {(jn can be fitted t? models of objects stored in memory. For

format
example, a mo el of E{r{“een\%g/u%n eﬁ%ﬁé gﬁ?ﬂg?aﬁ%ﬁt%? &l with an inner circle centered within
the oute¥ circle. Usirigatheoriedelaasithe hasSisithessystemnmantdeteoming boweneighecmhiagt fits the

definition of t odel. E e ple, a model rectangylar parcel requires that the top surface is
comprised of‘e?%lg;r]c St%%f%ﬁgjs?%% eofi]n%%%%ﬁﬁ rf?r(glgg ﬁpa&fcta.%‘% QUH%%%EJE‘HBP@ rgﬁjht, upon
fitting the modetitstiE Shapeh o jedonfrrthations proecssdr 29litansatenninscthdidgviation of the
shape from the ¢lJosest_model s called the model fif. A geometric or statistical interpretation of
30 e data s UG B pe U A e LTSGR U RRERE of Be S etk beignt
contour dataefTiteskrimatdsancotosatentverinfotmationtpsdyicectbysiedizrayeicalablity WO
00/596]463 PC{[)l%sC%O/%SWS imensioningé g)anners 20?, Wherebsy he informg&%& from.the vertical
dimensioning Cannerd P a0 et 3 tﬁ&PQﬁﬂ‘&y&%‘Fﬁ%&& pt?é‘ﬁ@'f a6t "al8been
performed. ThedefhirRaged i0andaighiinage dedealindNaasiy andreighiemagese wSpacirely. 5

Bar code Scaﬂg%rﬁtgjigaar{%g%ec%%%% %g]a(?l ?&g‘éﬂ@é&a 'éfs?géos_reﬁ‘?ar 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 muitiple "zones." In this way there is complete
coverage of objects disposed on beit 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
bearm 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 signal prox}ided 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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bar codes 270 located on parcela,260. Bar code scanning of multiple & codes 270 can be performed
across the belt simultaneously, Wluding multiple bar codes 270 tha y be placed on a single

parcel. In awg(ffnrlrsggmembodiment, bar code scanners 210 can be focused separaigly;,Jhg;ability 10
to focus bar code scanners 210 separately permits the parcel characterization system 280 to read

narrower bar Eagthlinghyidthe oieing Widerangemipparcelf heighimithanicanganvestipnatiticed-focus
systems. Bar cqde scanners 210 are arranged across the belt 250.to project a total of, for example,
12 pairs of inigr(s)é%}?r% m)@%‘éﬂé&ﬁ]@%ﬁ?&‘ﬁ%ﬁ@&%?ﬂ%@ @M&%ﬂé?é%&?%ading 15 bar
codes 270 acpmssansitipiEronasiclarthinsvietperstisrcampletieieonstagesfiohjgeisdispesrd on belt
250 by bar code s?anéke?ri %h% The information dﬁﬁ\éed from the s nnir%g; grocess of bar code
scanners 21018 rvEhTH &l 1OBREChfRIYRN PRSRESH B4y RIS MEH S 43 N Gedicated
to the bar codérsedrmarsd] 10<cainkaprathiorpraessoihe kaidcody2Gintarraiigonkesition
information relating to a bar code , may also be determined ,using a bar code scanner 210. As shown in
Fig_ 5, Scanng}’i‘?ﬂ‘p‘%ﬁu%ﬁ?%@%é?ﬁ?&{%@%&@ﬁ%%%ﬁ‘ PR K EE TR 985 (ot shown in
Fig. 5), parcetizoénsioddiankoae:BdA. A patesiarstssociated with the scanner 210 25 receives the
reflection from the surface Sf%anned. As izlik own in the art, the intensi%yqinformatio,n provided by the

detected signal is tranSfaf{FIE TS #d BAIUSHEHIBMTRRH ErbelinGR WAPED HECEHBR parcel. As
shown in Fig. & byaigtenpioingsjraamheshtansiysignst peovidadhy tie sietegtor iwkeadhe beam

traverses the bay.code 270, an an pargion of the path 240 30 traversed by the beam produced by
bar coa?e8 scarl e&'gl 88@&”8%’&3%%%3‘.{ }Efs}ﬁér?nés a5 &%?%ﬁé’w&ﬁﬁ é)gth, the

system can deyeteredieaphsitiopracidisgthe belarigdiehdhal bageade:fséeaiestivd WO 00/59648
_PCC(US_OO/OSS%;S gurtter, f@/ af_ssoci ting the time_ of cal ture of .the ]i:rgggpgsi(t)an gvgtrrrll él;g Sla?osition
information proVIGS BY) B P&t (i/gfg‘ﬁﬁ Qo i mAicn 9 _
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/for translating the image into another format. in
a preferred implementation, camera processor 255 translates 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 employs a two dimensional

array of charged coupled device elements to provide time stamped images of
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processor 290 can determine the gasition along the belt at which the bar.code  was located at the time
of capture. The translation of this rmation into the 5 time frame of t imensional information

provided by:tggligiggsioning system can be used to associate the bar code inform JQEQQG%VJI,Q the

proper dimensional information of parcel 260. The preferred parcel information capture system 280
further includése & lineagelcaptuce siistewritl 50htmage capturelsysien 53QefFighdis,shown 10 in

Fig.2asac 5 "camerg" is intended to encompass all systems capable of providing

an analog ora(é?g;ta %s%r?jl-grggggérﬁgm% 6@%&?&6"&?\7\’&%1‘1%%‘9%{68& vIdWF SPeReiRaYing device. For

analog camerassitalearitivgrdigishintay e vidnslaadiation dipiiat Sans @smaisof the processing of
ra is a digital 15 camera operating using an array of

the signal. In,a_pr embodiment the cam

charged courﬁgﬁ (g\éﬁv{l[cl:e%q; @8@%@%5%%@%&%& d eGGFRG A bs igegranihear array
encompassirgetiermadtitoiibatbeindriddnwrgistensiorahagiay caprig ahimaging thgowidth of the
belt. Alternatigg%cﬁgpeadg‘tdeﬁ(}:arg ras maé tzﬁ er@)loyed to ensure full coverage of the width of the belt
surface. 20 In a preferred imprementangn; the NAGE MBmRiGiestied ATt 289t provided
to camera IOrmwﬁﬂﬁﬁﬂpwhmmm%dth@imﬁﬁﬁpmf@é’ﬁ?ﬁQébﬂm\ﬂ@ﬂﬁie%’a?ﬁ‘@i@@f?éé- The
processing may, iiré%“dﬁﬁ%dé;n a .time stamp to the image and/or translating the image into another

format. In a preferred implem r?t"ation, camera processor 255 translates the image into a 25
compressed image fuiritibsatisessdir devidsinmtesims-stanpdiriopmationy thedmage information can

be assgciated i sitional information along the belt as provided by encoder 295. Preferably
camefﬁ% %Yér}o%lg@ﬁeod" |88E"Fr%"g‘%%’\ﬁ 'roP ﬁ’%ﬁé‘%@ﬂiﬁt %&ﬁ%‘iﬁ‘%é!’e’ﬁ‘%yﬁ?mw&iﬂ@vm
encompassiny eveledprandtatipast enersidetsusingeof iR AbiermpAseing1Brarghipargal 30
information ¢ urgrg}/s}em f280. Ip a preferred embodiment, camera_ 285 employs a two dimensional
array of charged coupled devicBEI8ME I BrovidBeitearuaraietriniyeaasoomay 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 andlor 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 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 abject),
the position in space of the object, the dimensions of the object, the fit of the

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

signature, and bar code information.
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WO 00/59648 PCr/US00/08975the belt and items on the belt. The | age of belt 250 is a "snap shot"
of the condition of belt 250 at time the image is captured. The ir&)e may contain sufficient detail
to provide information about printed and/or handwritten information on the obj g%%ggg on the
image can ‘E}lgﬁnﬁseg%grmed to locate and identify such information. Using the tir?igg@émp associated

with each image, theximage srayf brrelestiapicatly:argeciatatbwitthdhaathesdofovanaiisie acquired from
the parcels pp%?ent in the camera's field of view at that time. Additional sensor devices may be

provided as garPHt BRIGEL gfb%ﬂﬁﬁ?aﬁ&%%%tlﬂf@ LD EBPRUEMBTST (P m ORI fay be

provided to psavidpdinel stampethiamipekasugiiniaomalion Yeingithedime mivdaah theotiesaperature
information is captured, the temperature information may be associated with a parcel. The system

may also be pYEAYL WitraTkRIdhE fRKRe AL IHYSIHY AT eR ARSI diaElRE 5P R5REY passing

through ghe pageekitfeifiimratien Gapiuse pystemid8atifihadniormaliomccaptaadtimgparcel
information capture system 280 can be presented as an image and/or as a list of coordinates

representing 0I5 BRER0erAMLB[EE R Malie pdsdesitRyR e el GHoHRRIER2E Bure system

280. The infoa@@gmggagggepara&ﬁ;mg@diﬁgrent 20 categories. A first category is image
information about an objgc_t. It consists of one or several time-stamped images, of the ob{'_ect. One

image may contain réPréskntafiRBFsalarkrsiseus! tbeeliaiiHAR AR ARGy BE entified by

the timestamp &isseciptedwitvthe Thagerat Ixsigyaliatiriliias dabtbadarapad ppjaekThe image may
contain sgrinted and/or handwritten 25 information from the objlect. A second category of information

providéda dESRABEBINGH B b5 unthairalrBLAAMHBS. RelbiRes REMEhYSEhECRategory

include, but ajiecReidiniied toe IShAidMBIR saNEe semiRdbie:0biects Gamdeifthe sgfresthe
boundary of the top surface to define the object), the position in space of the object, the dimensions of

t
the object, th@Hi¥HE 'SPBBIALABHRIRGASh Witaeel AEaFHN nEAthra Yo HRGfic and

terminal 710.
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 aisa 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 &

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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statistical interpretations of the datg, temperature, date and time, chemicgl signature, and bar code
information. -14 WO 00159648 PE&USOO/08975 A number of differe pes of information,
therefore, arg gygailahlg about object that pass a parcel information capture system 280. Because
each parcel has a specific identification code provided by a bar code or other id%ﬁiﬂé\rﬁ&?fgga on the

parcel, all of thilifiefermatiomaanphe eleekanically SirsaagandirerhesBiiearqalidantfying
code as the asgﬁgiati@om@frorpati?n. All of the information is identifiable b} the parcel identification
code associated with 8ach Pareer g P RESRGralnier b dgisters e dintiy MasBRRIr &30.

w

single-facility server systgha il fihertenn sjacdity 7s0nirnsedin ReRBPasT RAIRS| KA REqeessing
facilities such ?gr%arcql spﬁtg}ggpciliggéh%%ri\é%r_fgstem 700 includes a server 730 connected to a
; |

database 735, & camara processor [ foriigilh greeaedBloromtippESErea network

720, and 2 usetatebrabrI738) v Gameri JoessoH2aandralzieqy ndpiRatipRIRraresryr 290 are as 15
described above with reesF[):)ect to Fi(g3.82. The time stamped data processed by object information
T

processor 290 And ¢ Blsids Sk GMPREAES L RN Re bsViRaGaRaPPD 96 AC668/PY30. Network

720 is shown @3ertocal @rrforneitionkahAb: Ay el MASR RIS TR QKA YJr QFRRT e twork

configuration mﬁybal 0 be Csf,aed. Ee!arver 730 stores the information in 20 memory, shown as a
embo

oau%e AREHCUF b5 BRIGAISHMGHIdH @it AdENExHeh FdAning on object

database 735.9h'a pre e
information processofi2$fafgrivapdsrthetimersiamnprdiriiEsnationPNRIN ShNRLkHZQ & object

informat{'Bn server application running on server 730. The object information server application stores

the data In datAbade 755 Uomy RET EEKsteR F A8 Pt fadanmiRredon astne!Baraised read
from the parcebrasedentifi¢rsoitythe cpmwieshialarmatipamimilariy RNURARE KaRIHLESleat
application rug}né%go%%cgzgnrgé? i%%?r%sast%n%ggggaggéhﬁ gg‘g SKJlsms%%C\jNIrqn i%gg ig. 8, a single
server 730 and database 735 may be used to store and access the
information provided by muitiple parce! 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 via user terminal 710.
Fig. 9 is a diagram of an implementation of the present invention for
use in a system encompassing multiple facilities. Two facilities 940 are
20 shown in 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 parcel information
caplure systems may be employed at a facility 940. As in Figs. 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.
Index master database is a central source of information used to locate

information stored on the multiple databases 735 within the multiple faciiities
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information over network 720 tgan image capture server application ggnning on server 730. The
image capture server applicati&tores the data in 30 database 735'%ng the time stamp

identification informgati n. Using the time stamp applied to both sets of informatilgni_, ”90,%%9%’&““9 for
any time 15" W3 80159648 PCT/US00/08975 differences in capture time due fo &lﬁering locations

along belt 25@;4ke Beestieams olintormaiinptaay basestelatrshwihihdatakase fa&me server 730.
Single facility-s%gg(i@/ﬁtem 700 also incorporates a plurality of user terminals 710. User terminals

710 are able 3 H1BHRGHBRSREN Enfatawhieh7esiily RaRbronsh diyda e pasalser

terminals are Jefs @xampispersoaahompiieisad any ivetdpvica nanahieehbacrfiaging electronic
information and displa in%é[he information to a user. In a preferred embodiment a web based client

application ruff&'6h BEErTEPRIREF 1Y Pin thay Hhiplerheresisneo sralopredehiinvartieRsmore than

one 10 parcel2aiormatiomeaptutieosyatgmriiQavodldhe amplayaddana singisdaseeh progessing
facility. Fig. 8 shows jaﬁdiagrar% of a sin%Ie facility having more than one parcel information capture
i

system 280. A% W HRCE0g SiigReseiNe Al and taashak s '@5eW48 store and
access the infeipration pravideddy iawiipleRalerldABENaLiGRIGARKIB SYIBINP280s B Laptilizing a

single server 730 for a f@CiIit , the data collected from multiple parcel information capture systems 280

and stored in GaRIHEEY PRlom il g dasiseeart el drlRbRRTNAY215g. 9968 diagram of an

implementatianfefthetie seouinyeniidntanyuse o dat¥stomeio pieesing aniligl; apilifigs. Two
facilities 940 argh%o show(a iFgFig. 9, although any number of facilities may be used in accordance with
Iii

the pre&@nt inVaItiSHREEY 6 BUB%L Y dBEPSHBWHIAVG fReSIsrckICiPRIRRAL OV BSPEre systems
280. Howeversgay riadrbas affoancslidiformalion s aptHiR 8V SIRMSIBAY e ssentevss atadacility 940.

A s T e Ry S B 0 VR Hime & Saarch agamet the ey o'
master database 920 to determine which database 735 contains the record-
specific information. The server 910 returns the results of the reguest 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 o access the information are transparent to the user after the
object specific query has been initiated.

20 two basic data access paradigms are available 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 280 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
acqutired about the object is automatically forwarded to a user terminal 710.

The push process may be used, for example, to capture incremental

30 dimensional revenue by impraving 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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25 together by local area networksg€20. Facilities 940 are also shown asg@eing connected togethef by
a wide area network 930. Wide ar®®network 930 may be, for example, Internet or other suitable

network configuiatians Connected to wide area network 930 is an index server Q,]\:q/%@g{}%gqigdex
master database 920. Index server 910 and index master database 920 may 30 be provided within a
facility 940 InGREREEPHAtABHSR Rod ebintratisewreectsiforhatiomusitcriotaeate dnfarmation stored

on the mulipp gestaRSEER WL RE TS (IIGS. AGIO 0159648 PCLUS00108075 840,
i |

Specifically, a user attempting to locate information about a sp cific parc ot Hecessarily know
which facility 8207HIBUS S Wk aHE ik anvay pndciesséd €k indpctnastersdatabassasstores data

corresponding to each Rarsehpies I rcel information capture systems 5 280 The
information may include a pagelgggaiﬁgﬁég}ﬁé&%gﬁﬁ%% f;(l)rbrgrc CYGE P HRURIE M ber, the

data and time AR W0 S cadpulate dumeastodal idenidfyibg svhichrpaealinipegation
capture systegn2@dicqplies e i i i ter, database may also store information
about a third party a;éﬁggociated %ﬁrﬁ?@%@ ,r}ulgc) eQgﬁtﬁggrga%'tyqGéégl%igasfﬁﬂp‘%vﬁqﬁ@eﬁér%I or the party
who is to rec&PERE jriebpWirchest isedelditcstslinieanatiomeiat susantariidah Glesakout a

specific objecialiey tRAuSIdRLRGEI G MUAENE 4 L witich dips.a search against (e Index, master

database 920 to determine which database 735 contains the record- Sp FSHICEHE server
910 returns the FRRItSARERSHiealusthe 6 idelifermintl at 10 ewhichsthent sensisnaiteauast to the

specifiq:(}servqg@ﬁ@on@fmg@@]qg%sgép§ ggﬂgg}agﬁqeﬁ&r&q?in Hj?odatabase 735. ServEr 730

accesses the requested information and forwards it to user ermingl ?f&mﬁﬂ& ' &ébaé’ ¥&huired to access
the informatiéRaRetiansisiieet tyithcausert atte At cobjetispeifis qubtidwisdresmiaitiated. 20 Two

basic data acsgRs:ParafigBfar RN SIRUSSLIEIMINA 119, Pyl and "push."
be calculated. Further, if there are irregularities along an edge of the object,
Le., 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 calcutated 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 generatly be ignored in

20 order to avoid overcharging the client. In order o supplement the
dimensional measuremenits 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 dimensiona!l information captured by a parcel
information capture system 280 may compare the calculated dimensions

25 against a captured image of the object to 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 model 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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The process of pushing data to the user is provided by a "push” process application running on server
730. As the information provid y object information processor 2 nd/or camera processor 255 is
provided to 25 server 730, the push process application analyzes the data to determine if the
attributes a\ggd’r%qaﬁfgia given object meet predefined object characteristics. If Ehe Hatttes meet the

predefined obigas charactenisties: throiniogarion pogulied Ahou SR pRieshis AHiometisall forwarded

to a user terminal 710. The push process may be used, for example, to capture incremental 30

dimensional feverdahi Mser6viny dad aning privecsydrmeteortisinirr trlowibpdevihensional

weight of objeetpderingricecaasertnBAGEhINIBAAR FPRIMBSYEIRMS 2B0-P R afiRade driprmine
dimensional information about -17 WO 00/59648 PCT/US00/08975 objects apply shape models to

the dimensioR&l foRRdd8FdtamiasalehatcaLipss HREMAR aptlre system will, for example, attempt
to applys definitions spgh anGehidalompyHRAEEALAAFRQRIRE RIS HTacesaeb f@ERRER practice in

the shipping industry for recovering revenue from 5 dimensional weight is to calculate dimensional

weight based 8 FHECSHR IMSREEEHsHh feraamatg1d hist intRyinacoBfevidabees sanairisistatigoodness
or comfort leyebafibeheshagdel tland mepswamSHSHaRPIned D Rrala falieghing dimensional

confidence. The idea of the dimensional confidence is to apply a numerical value to the likelihood that

the measure§ ARG oMIn A HirkeLmrbie deliomERguragP IR, Iardresantt, a parcel
cannot be defingdnfiin:gerigizappradmatipn %%@B?@%@F SynsltaaloRieciQLagy other defined
e

object definition, a low_dimensional confidence will calculated. Further, if there are irregularities

along afl edg®GFHREMEGEST . Of intRaAupBloxiMM IR P aRBeFREMREJEG asTaHERS outside a
15 given statts@ﬁab@uerﬁé%wgig}@@%i%&!&%QQ?%&%%@E%@G&%@%@%%@%&OW

dimensional confidence, the slglstem will not apply the calculated dimensional weight in charging the

client for the EXHHRHERsISHRISVERGHHG. 8TOY e aniErRgenal tomfiiecis RoEnsiose belt

250 over time.
The virtual reality medeling language browser 1020 displays a virtual
15 landscape encompassing belt 250 and any objects on beit 250. The virtual
landscape s 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 control and information panel
1030 to manipulate the image by selecting different viewing angles for the
20 virtual landscape. 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 1s able to advance the parcel landscape in either direction. The
control and information panet 1030 also suppliés the dimensional confidence
25 value 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, displaying 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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threshold, the calculated dimensiogal weight would generally be ignored in 20 order to avoid
overcharging the client. In order t pplement the dimensional measufigghents of the parcel
information Yresystems 280, therefore, pattern recognition abilities of human users mag be
added. A user having access to the image and dimensional information capturgacﬁf}'é%éw P

information capfuressystem280:maty:campepaitbpaaluptsd dimensions 28RArIRSR SRR image
of the object to deégrmiqgry the %arcql inf_ct:trargation capture system 280 has incorrectly assigned a low

dimensional confidence "FRRYdNe ARBHthiPdRE CHI tRatesel dlirnenlithns of the

ence value t& ThE'EES

object by differehtzprethuad ﬁuefcam@ﬁmtsdragiaimsrxﬁ@ﬁlmiog:p@%mﬁn{aﬁtt}@f&@éﬁ?ﬁ/&ua‘
information proc\)/iqed. po The pus rréﬁd?{?gf data acquisition is applied to the above principle, in that
only those objects having & HifBHTSNA EorrBLHEd Halavwaiatt tRresHbr indicesiuersd s proper

targets fof reviewfinedtwitoprsuskicd g nesepiecayhe LW A9 152648 RC I S00/05975 for

example, be revigwe by.serve[ 730 as they are being stored in database 735, and those records
individual i %

having a dimensional ConHEHEEBRGWIBIRAIB0b tpHERaHE ditfehsionpirfemeaton would
otherwise not lesappiiecegilizbitipssheddeanisenionaier aLAHEPHRIBINGY A& Fig. 10 is an

exemplary software interface 1000 for use in collecting incremental dimensional revenue. The

interface provides two SSPArGIE WA MARR RV Ale el BRowReh Ao1eRiaRisAads inikgs

information fronpahdegatiasertaben Vet abieallymodRing Janesans BrP WS Rl 028,2ad g,gontrol and
informati%n paﬂ(]al 10?0.@'{%5 inge browser 1010 allows the user to 10 examine images of the parcels.

The images aré 2 GhG PG 5a0t a5 MRS toNEE R mrereloption where the images

are streamed continuaubly g theiatsentedyoyia-assimags e thepRiactirryingaiangRelt 250 over

time. The virtual realit %in language browser 1020 displays a virtual 15 landscape
encompa\ssingabat %2%%)’ %}@g@fg'&g Beflbaprsmauirude server 730. The database

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 setected period of time.
As discussed above, the proper server 730 having access to the praper
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 systemn 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

informziion). The system may include a default, such that the information
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landscape is compiled using the dimensional data produced by the vertical height scanners 200 of the
parcel information capture syst 280. The user is given the optiofga view selector 1055 of control
and informationéjanell 1030 to manipulate the image by selecting different viewing angles for the 20

virtual landsE4p&* Tt &ingles are shown as, for example, top, back, left, right, &' EaMER The

‘camera’ angleysinulaies eeae Vs 01 e 50l PAVELIN AN RS RIRETd/sing

scrolling bars 1035 and 1045, the user is able to advance the parcel landscape in either direction. The
control and infSMMafFHRMEPLEZ0 T SligRiearHe irie o ABOcoMfidd o RBWGIae TTh4band parcel

denification cagerlGEME GRBHRCKIAB MR ASHENES 12 IReRAiRE o gusefipa, Le parcel

may be identified in the virtual reality modeling language browser 1020 by, for example, displaying
that parcel in 'diffétertlEadiov é ideesional confidence value shown is 87% A number of options

may be gjven (0 the UaRrdRAKKile Aa'thd Bandguioer a4 BEAveq g ppoRdp spUkipRparcel, Le.

to chose a position to segment an object that was perceived by the parcel information capture system

to be a single GHEFRRSTERY bt ARy SbpaFaterdiseateivipst prassiatitibytoidersdeusion,
PCT/1JS00/088 fey Qé&ﬁriw%Hé%rdﬂjgﬁﬁ%c@%iSBEERBgéaHQH?@%ém?ﬁ@'q?%e%@%ﬂ%ém a button on

the interface, an algorithm may be applied to then try to reso valid sha e combined

outline. Altern#lRIE A 08eAEY the gRient Hscoethion aviery innshangditaberasivest ekiechoints, e.g.,
the indices usqsripmAlatinesthadprsuriage P biesRest J%?g&c%&%rﬁﬂ%ﬁg&oy%@dividual

irregularities in the outline of the parcel to, for example, remove outline irregularities induced by object
not actd8ly pdRIoEHfWIREICERINgG TRarTelhaser avalaseed Wentifeationopiomry giveh to either

upcharge the wp@bJ@@wﬁw@qg%mH@nﬁiﬁmet §S}4?é‘8§tﬂ§&erﬂr80£&@&%§r?ﬁl%wg or

altered data, or to move on to the next parcel. In the pull data access process the user requests
information frolY hBiBaRE Vg hicrovaeasdif intertaad 425queihecservepdss. fonegataphs e

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 beit 250 and objects aon
belt 250 in virtual reality modeling browser 1220 as the parcel passed the
dimensioning system. The default view provided in the modeting browser
1220 is the same perspective view as from camera 285. The user also has

20 the option to change the perspective viewing angte 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 skilied 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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query may be, for example, a package identification code (bar code, tracking number, airbill number).
The query may also be a request M#information 15 from a specific par nformation capture system

ata selecteg, r time. As discussed above, the proper server 730 having ac t proper
database 7355‘)'v(%\;i(ll agé(g:gess the information and forward the results to the user. Tﬁﬁ&%ﬁ?ﬁaﬁ%uery may

also provide a subseOthinfermatigimeesied hethe Laasn il SRIRIpE0Meedtnes supphealiavailable
information aotmgt an ﬁ]o ot%ect,_ ut instead may supply only those categories of information requested
by the user. One &xampie SrSST LA S picator At Bt eistytreagdnwoHAation
provided by caiisetasseivesrdbh 0 poMtdaacseouitiapplicaiiaratibhsych andmplraeatation, a user
would selecta s eccijficgﬁrcel information 25 cmture system 280 to view. The server 730 having
access to the ?rﬂ‘%?r’na ioh ProvigER IR R KoM UG sthRe 8y ich B8 WdhE Kieiiogatabase 735
and forward tleestgrediinmgd atmditiaeaniueshhy 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 informiion). The
system may include a default, such that the information -20 WO 00/59648 PCT/US00/08975
displayed to the user will be the information from the current date and time for the selected parcel
information capture system 280. As shown in Fig. 11, the user is given the option to stop the flow of
images, reverse the flow of images, or restart the flow of images. 5 An alternative use the pull type of
data access would be, for example, customer service, operations sort control, lost parcel attribute
identification, and security and surveillance of package handling . The user supplies information
about the object through a query and application driven object information is returned. Fig. 12 shows
an exemplary software interface 1200
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10 for use wheql?c&}}n ‘a parcel based on a parcel identification number, e.g., bar code or tracking
number. Many of th& samd options provided by interface 1000 are provided to usersofintesfienes1200.
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 rotor 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. -21 WO
00/59648 PCT/US00/08975 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

intg_rtldelic: hthat thetgpecsificé!tion_ ﬁmeﬁﬁfﬁlwmﬁid%rgmggm%ﬁ%ogwew&ﬁlgﬁgi ﬁé::ope and
spirit orthe invention Q‘%!B%W&ﬁ%?om}/athgn%ogvtlj? gaslhr?a%e-of the object:

processing the captured information to provide a three dimensional
15 model of the of the object:

caiculating a dimensionail confidence value based on the three
dimensional mode] of the object: |

capturing an image of the object;

displaying, if the dimensional confidence value is below a threshold
20 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.

2. The method of claim 1 | wherein the three-dimensional model is

25 used to determine a dimensional weight of the object.

3. A method of determining dimensions of an object comprising:

capturing information about the shape of the object:
processing the captured information to provide a three dimensional
modef of the of the object:

30 calculating a dimensional confidence value based on the three

dimensional model of the object;

capturing an image of the object;

-3 .



WO 00/596648\4,'8])'6%§&9108975 1. A method of determining dimensions of an object comprising:
capturing information about the shape of the object; processing the captured inforrdtibl¥80(%vide a

three dimensional 15 maigbioiihe of the ehigeh Galcylating:adimensional confidence valye based on
the three dimensional n}fdel of the obJ;ect; capturing an ima’ggqé) the' f(%ﬁégét%{aqlg‘@ﬁa?ifﬁeﬁ%ﬁéd

dimensional confidente VAU RIFE W tRIgERO RN dhvalte ahe fibdeltg thecobjectrand the image of
the object to a hunpan agperator 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. 2. The method of claim 1,
wherein the three-dimen@l I'Hdbelismsusaetotaetormifieshttimimsionalovpightintghe abiect 3. A

method of determiting dim@n}gmpﬁ%gpj%qcpomprising: capturing information about the shape of
the object; processing the captured information to provide a three dimensional model of the of the

object; 30 calculating a dRENESHRCBHileRsbvanR basedom thetirgendimenséandl e deljefthe

object; capturing an image of theRbjgE &3 MR;00/59 PCT/USOQO/08975 displaying, if the _
dimensional confidence value is below a threshold‘g\/% ué%ﬁgr%&ﬁgleo ﬁ@é%@%%k%gﬁé%f the

object to a humaH G52 {3 SIR G HENRIMENepereightoftiesteetdata corresponding to the 5

three dimensional models and applyingihis2diysigd,modgl as a new dimensional model of the object.
4. The meltgod of claim 3, wherein the three-dimer%irgnal%rﬁc%%ﬁ@e a(%]UStmem to the three
dimensional model includes splitting a model! of an object that encompasses

multiple objects into data reflecting the multiple objects.

6. The method of claim 3 . wherein the adjustment to the three
dimensional model includes permitting the human operator to edit the data
corresponding to the three dimensional data.

5 7. A computer program for determining dimensions of an object,
the program performing a method comprising:
capturing information about the shape of the object;
processing the captured information to provide a three dimensional
model of the of the object;
20 calculating a dimensional confidence value based on the three
dimensional model of the object;
capluring an image 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
25 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.

8. A computer program for determining dimensions of an object,

the computer program performing a method comprising:
30 capturing information about the shape of the object;

processing the captured information to provide a three dimensional
model of the of the object;

-4, .



used to determine a dimensional weight of the object. 5. The method of claim 3 , wherein the
adjustment tevihegsess 10 dimensional model includes splitting a model of an object that
encompasses multiple objects into data reflecting the multiple objects. 6, The meftot o H14fH7S |

wherein the adjustmeﬁf*f@ttﬁéiﬂﬁeeddTmenBiomlda‘md@biﬁ@lél@%ﬁlﬁeﬂﬁgg@%@?f@”ﬂ?@@%erator to edit
the data corregpﬁ@qg]grgg[tﬁgotgé?%plit[]@pngionﬁl data. 15 7. A computer program for détermining
dimensions of an object, the program péﬁ 1% g a method comprising: capturing information about

the shape of the objeéipiatossing ithegapfures dfrrppation to provide a three dimensional model of

the of the object; 20 c@gp]g&ﬂ%ggﬁimen ional confidence value based on the three dimensional
model of the object; capturing ah image SHHEBBiEtCardiigiss, wale dimersioraltbonsidente value is

below a thresHtitiwalbe, ihedmbdetiat thgahjesienttha imags of theokigsHte a human 25 operator
to confirm the gbgfrg?grmodel to the object; and acceptingért%e three dir??er#i%n%l%ﬁ@d%?or not based

on an indication from the human operator. 8. A computer program for determining dimensions of an

object, the computerdgtogram e fonming apupingdis Hising; 39.5apt ring information gbout the
shape of the oM;gwgﬁ%}s kii?g%w c[?%[iured information to prov?de a thrég(%%gﬂé%@a}o del of the
of the object; - -24 5 Bt RisBttosa7s calculating a dimensional confidence value based
on the three dimensiagtiyadeltef thu@ieriiodel as a riew dimensional model of the object.

10 9, The computer program of claim 8 | wherein the adjustment to

the three dimensional model includes splitting a model of an object that
encompasses multiple objects into data reflecting the multiple objects.

10. FThe computer program of claim 8 | wherein the adjustment to
the three dimensional mode| includes permitting the human operator to edit

15 the data corresponding to the three dimensional data.

11, A computer readable storage medium for storing a program for

determining dimensions of an object, the program performing a method
comprising:

capturing information about the shape of the object;

20 processing the captured information to provide a three dimensional

madel of the of the object;

calculating a dimensional confidence value based on the three
dimensional modsl of the object;
capturing an image of the object;
25 displaying, if the dimensional confidence value is below a threshold
value, the modef 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.

30 12, A computer readable medium for storing a program for

| determining dimensions of an object, the program performing a method
comprising:

-95 .



capturing an image of the object; displaying, if the dimensional confidence value is below a threshold

5 value, the model of the object and the image of the object to a human operator; allowing the human

operator to apajﬂgtg{%%’ﬁata corresponding to the three dimensional model; and applyingitheadjusted

model as a new dimer&h@mﬁﬁ@?@ﬁbﬂfvl@%ﬂ%%%%ﬁ%g,?ﬁe com %tée)zﬂr (ﬁjrogram of claim 8 , wherein the

adjustment to the three dimensional model includes sp it egnéfI grpgﬁf(?& that encompasses
multiple objects into d&f2 FEfEEtAJAE Amitiple blbjButsatitn Thecamputernearam of laias .
wherein the adjusimgnrirtg,dhg {hl@ggj' gnsional model includes permitting the human operator to edit
15 the data corresponding to the three dimensional data. 11. A computer readable storage medium for

storing a program for ‘E@féﬂﬁim@gacﬁimBMﬂBaﬁ(amﬁhkem;éh@mggjgg(bgq;fp[mmge@ethod

comprising: capfiiBgsifoaMatieR phoyL %séhC pe of the object; 20 processing the captured
information to provide a three dimensiona odel of the of the object; calculating a dimensional

confidence value basé@BitHthreimdimearfsibrabiniadlel of the object; capturing an image of the

object; -25 displaying,dfdhg, g q!s{ nal.confidence valug is below a threshold value, the model of the
object and the image ofs':ﬁe g’géﬁct toﬂéaéb%%%s'g g?a‘if%P@@&‘ffﬁr‘ﬁaﬂH@ ft dralnibHEaswid object;

and accepting #\Ardeaiinndslichahmobidrarat tasedhaganndicatipaciien thehypan operator. 30
12. A computebf%gﬁg}lle medium for storing a program for determining dimensions of an object, the
program 8erforming a method comprising: - 25

] allowing the human operator to adjust the data corresponding to the

three dimensional model; and

applying the adjusted model as a new dimensional mode! of the object.
13, The computer readable medium of claim 12, wherein the
adjustment to the three dimensional model includes splitting a modet of an
15 object that encompasses multiple objects into data reflecting the multiple
objects.
14. The computer readable medium of claim 1 2, wherein the
adjustment to the three dimensional model includes permitting the human
operator to edit the data corresponding to the three dimensional data.

20 15 Auserinterface for providing information about an object to a

user, the interface comprising:

an image section for providing an image of the object; and

a virlual reality modeling section for providing a three dimensional
model of the object based on dimensional information captured about the

.25 object.

16.  The user interface of claim15 , wherein the virtual reality
modeling lsection provides a selectable interface for selecting different views
of the three dimensional model.

17. The user interface of claim15 _ further comprising an object

30 identifier section for providing an object identifier for the object.

06 _



WO 00/59648 PCCIUS00108975 capturing information about the dimensions of the object; processing
the captured '@(9 ,’gllsi&,'g to provide a three dimensional model of the of the object; calculating a
dimensional confidence value based on the three 5 dimensional model of the objgat;roapturirgsan
image of the object; disptaying;titthe.g ignal i e valye is below a threshold value, the
model of the object and the image of th?ﬁ%ﬁ?ﬂet@o%%L%%ﬁ'ﬁp@fgfﬂ;%féww hdikgmeintoderator
to adjust the data corréSpontings iHe Pikresitimensiatiat medel ane-applingLhe adiysierd,model as
anew dimensidhmbmddﬂb@fgﬁagéqbﬁggeﬂéf ]}pgo{sgé‘gehjter readable medium of claim 12, wherein the
adjustment to the three dimensional model includes splitting a model of an 15 object that
encompasses multiple- 8bjectd fHid aatd résdetitg ohelmultiple fﬂh}w%%p-l:mrﬁ?%w%ﬁéﬁg ble
medium of clainndfadereipie i@l n three dimensional model includes permitting the
human operator to &efit the data gggggg%%r% tig the ?{%%%iﬁf&?ﬁﬁ)ﬂﬁ datgedimsnaiaset interface
for providing infOiHATGH 5o abigsoprs docan tsenteintefrtaee,ppipprising- an image section for
providing an image of the object; and a virtual reality modeling section for providing a three
dimensional model of the object based on dimensional information captured about the .25 object. 16.
The user interface of claim 15, wherein the virtual reality modeling section provides a selectable
interface for selecting different views of the three dimensional model. 17. The user interface of claim
15, further comprising an object



30 identifier section for providing an object identifier for the object. - 26 WO 00/59648
PUFUSO00/08975 18. The user interface of claim 15, further comprising a dimensional confidence
section for providing a statistical confidence value based on the three dimensional model of the
object. 19. The user interface of claim 15., further comprising an upcharge 5 interface for providing the
user the option to accept the three dimensional model of the object based on the image of the object.
- 27 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 captured and processed object information may include, for example,
a visual representation of the object, a height reggsrAtEton of the object, an identification code from
the object, d_imensional i@?@?%‘i{ﬁ"lﬁg [ E%S&Bjﬁﬁﬁqﬁﬁﬁ‘éﬁ@[ﬁi%@&‘@éﬂgﬁ%ﬁo” from the_object,
temperature information, date and time mrormation;, and a three aimensionat model of the object. The
various types of information can be accessed by users via a software interface. Fig 1 28

An information system for storing, retrieving, processing and displaying information
captured about objects passing an information capture system. The captured 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, 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

inferface.

Fig 1
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