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- ¢f) bels facing a two-camera subassembly (12). As the conveyor belt (27) moves, the two-camera subassembly (12) continuously takes
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\n gulated, unjustified package flow. A digital image of the packages within the field of view of the camera is then transfemred to
) the processing system for analysis. The processing system identifies individual packages (25) in the image, extracts them and then
~~ analyzes the information written on the package labels. The analysis process utilizes conventional Optical Character Recognition
(OCR) and Intelligent Character Recognition (ICR) techniques to evaluate the information written on the package label. Once the
information is decoded, the system either accesses a database record associated with the decoded machine-readable code, or creates
o a new record. When an unknown word image is encountered, the field-specific recognition process is aided by use of lexicon infor-
mation, optimized based on installation-specific or user-specific eriteria. The lexicon information is continuously revised based on
processed form information.




Field of the Invention 5 The present invention relates to a nethod and
apparatus for reading and decoding information and nore particularly to
systens for automatically inmaging and processing information contained on
the surface of an object traveling on a nmoving conveyor belt. DEJEZD®II on
of the Prior Art 10 Throughout the world, conpetition anong express package
delivery services has reached epoch proportions. In order to maintain or
‘even increase their market share~4-hese organi zations are under intense
pressure to process packages nore efficiently and deliver themto their
~desti nati ons qui-ckesaADINGaDt IESPIING GREPRMATIQHr @N PAGRRGESOoUgh recent har dware and
sof tware advances have been nade in the area of 15 autonated package
sorting and nuting, further inprovenents are desirable in order to achieve

t he econom c benefits that wo lﬂel@'@ggéﬁl%&&oﬁl ow froma conplete and fully

u
aut omat ed process. Today, node essing systens rely on the use
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package 7 July 2005 2 %&fp&@?o =

10 Throughout the wotld, competition among express package delivery services

has reached epoch proportions. In order to maintain or even increase their market
share, these organizations are undéi intense pressure to process packages more
efficiently and deliver them to their dt;,sﬁnations quicker than their competitors.
’ Although recent hardware and software advances have been made in the area of
15 automated package sorting and routing, further improvements are desirable in order té
| achieve the economic benefits that. would naturally flow from a completc and fully
automated process.
Today, modern package prooessmg systems rely on the use of conveyor belts
to introduce packages into a procwsmg facility, and to convey them through the
_' 20 | facility as they are imaged by a high resolution camera and processed for eventual
| delivery to a final location. One such system is disclosed in U.S. Patent No.
5,770,841 to Moed et al., entitled "System and Method for Reading Package
~ Information." Upon arriving at & distribution center, the packages are unloaded from
| a delivery truck onto a conveyor belt and arranged in single file by a singulator, A
25 ‘package height sensor determines the height of each package and passes the

information onto the high resolution camera's focusing system. As each package




passes beneath the high resolution canmera, an inage of the package surface
Is captured The digitized image is passed onto an inage processing system -
for automated anal ysis of the information. Conventional package i mgi ng
systens, like that discussed in Mod et al., typically require’{H&280% eam
of packages to be at |least 5 singularized (single file) and sonetinmes even
justified (oriented al ong one side of the conveyor) before they are inaged
because they have a very limted m-focus object plane and field of view
(FOV). I n essence, when two adjacent &drticles lie in tw different focus
planes (i.e., they are different distanpces omthe canera), the two

articles nuBtssesdesenth diedich ssolptqnspterg,animags of fus Frokper Bappear clearly in
a single 10 image. _Sinmlarly, when tw adjacent articles are in the sane
focus pl aneWt@%ﬂ&W@ﬁé’@%‘%@ﬁiﬁﬁ’F‘éﬁ r?feﬁsﬁgs%s%t“}%fes nust be i maged
separately or it js likely . .that, og&% a., ti.al surface, of .one or both
articles wi Ppopgedanalysiol ei“i‘?gléﬂag?’h V@H&%”%Wﬁw *t he process of
properly singularizing and justifyin ckages, t gkes . val uahble tine and
severel y |ﬁﬂ§€@@“§?®&g@§¢ﬁ§itW@%ﬁﬂwﬁm9@F&a§%@WM of 15 packages
that can actually be pl &ge’d on a, conveyot | £ t;ﬁc-l)r Prooge. ési at any one
time 9s seviagwarzed (ingle e} and sopelimes pgn gﬂéﬁn Rlpng Qe SECOLIE 1 singl e

oper at o, | hEPSBLEBR s R EeE g PG S P o B F or "each
ot Sophi SPhER SR AR s mene Ttk SRR R B8 U apt ures an
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. | transversely soparated, again the articles must be imaged separately or it is likely that
only a partial surface of one or both articles will be captured in a single image.
Unfortunately, the process of propetly singularizing and justifying packages takes
valuable time and severely impacts processing throughput. Moreover, the pumber of
15 packages that can actually be placed on a conveyor belt for processing at any one time
is severely restricted when the packages must be placed in single file. Given the
speed at which many delivery service conveyor belts operate, the process of focusing,
imaging and then re-focusing for each package that must be processed places a
significant burden on even the most sophisticated imaging systems.
20 After the imaging system captures an image of the package, experience has
| proven that the most error-prone aspect of fhe process is actually recognizing the
handwritten textual information on the package and determining in a timely manoer,
the package's propet destination from that information. Compounding this already
difficult task is the reality that the volﬁme of packages processed by major package




-3 delivery conpani es has reached the | evel of several mllion parcels per
-day and clinbing. In an effort to inprove the processing throughput
wi t hout correspondingly increasing manpower |evels, package deliver
conpani es have resorted to the use of 5 high-speed inaging sys?éﬂEZéﬂﬁicaJ
and intelligent character recognition techniques to quickly imge the
packages and process the printed and cursive information contained on
them Unfortunately, many of these conventional character recognition
engi nes can only recogni ze handwittgn characters at approxi mately a 98%
recognition rate, which still results in 2 - 3 errors per package. 10
Thus, there delivety compahidshad esthéthe Iével of Several illion pardalSpepdaylaidt al | ows nore
latitude in the placenent of packages on a conveyor. Furthernore, there is
a need for alimpih@cessi ng systemthat provides the capability to quickly and
accurately recognize printed and cursive characters beyond that of current
systens. Summar ynah effdieto imprev thaqocdsSinSthsiughipnt wifsuneitpoialinghnsi stent with
this invention provide a apparatus for reading and decoding information
extract ed f rimfeaging manpowdrievelackstdelinenfcoinfemicd hHs es3brieditdutietciobn, packages
are randomy placed on a conveyor belt, with their labels visible to a
package i magighgpezd impiging sfstenishopicalmy inteiligan ghardoer Roopuitipotecthifuts tot he package
i magi ng canera takes an imge of a portion of the belt at an instant in
tinme. A di gighiakly ifihge fiia gackages idderop@cihapdisedand tirsivd inforrfdtiend cbntafnedi ew of t he
canera is then transferred to the processing systemfor analysis. The
processi ng sytiemnUnfiamiatdy, amny ofdiessi convahtiops chaages recognitiohengingmge, extracts
them and then analyzes the information witten, or printed on the package
| abel s. The carualyysdognips laadveritten thatattzre st appoxdaatly @i98% rédpgritivalratéhar act er
Recognition (OCR) and Intelligent Character Recognition (ICR) techniques to
which still results in 2 ~ 3 errors per package.

10 Thus, there is a need in the art for an imaging system that allows more latitude
in the placement of packages on a conveyor. Furthermore, there is a need fora
processing system that provides the capability to quickly and accurately recognize
printed and cursive characters beyond that of current systems.

Summary of the Invention

15 Systems and methods consistent with this invention provide a apparatus for
reading and decoding information extracted from a form. In the system of the present
invention, packages are randomly placed on a conveyor belt, with their labels visible
to a package imaging camer# As they move along the conveyor belt, the package
imaging camera takes an image of a portion of the belt at an instant in time. A digital

20 image of the packages within the field of view of the camera is then transferred to the
processing system for analysis. The processing system identifies individual packages -
~ inthe image, exiracts them and then analyzes the information written, or printed on
the package labels. The analysis process utilizes conventional Optical Character

Recognition (OCR) and Intelligent Character Recognition {ICR) techniques to




7 July 2005 -4 evaluate the information witten on the package | abel,
i ncl udi ng check boxes. Once the information is decoded, the system
accesses a package record database entry associated with the decoded
machi ne-readabl e code, or creates a new database entry if neceéd@yy005he
retrieved database entry is then populated with verified information
extracted fromthe package shipping form Wen an unknown word image is
encountered, the field-specific recognition process utilizes client-
specific or installation-specific lexiden information to aid in the
recognition process. The lexicon information is continuously revised and
optim zed bayethaie the dotwowdionf vritiannéorthetiaskage dakal, éndlodingecheckverifi ed
destinati on addresses associated with a client are al phabetized or
r ank- or der ecbaxgse @ron the edommtign of dewded, rthe spstenE\eeeapseasi avpackage sddidess
‘associated with a client is verified, it is added to the database and the
order of t helatabsssaingy @ssodietsd ivithtthe decadetl mechine-readhble wdg, drfcreaspaopwi ate. |t
is only after the systemdeternmnes that the originating client is not
stored in t hiataaseatmiyeil ndosssary.t Thee satridved alatab@cPendryois thempbpulatethivatbase to
verify a destination address. In accordance with an aspect of the present
i nvention, tvedfied inforpration ehgthcted from Hwdaokage ahippmgrigmandhenr acedsiony
information froma plurality of forms concurrently the method conpri sing
the steps ofwordaiptage i in gnenunienaly ¢heofield-speaificakdcbgnitidn pfooesssutitizesd olidni
positioned on a noving conveyor belt and visible to an i mager, each one of
t he forns bebpegfic esipdslisdtioelsyecededcat mtbrmation oreed of the rqgbgnitdn prpcass.
packages, locating at |east one of the plurality of forms in the captured
i mge, the dihelledstn mfiemafiar in otmpousy meyised piod roplimizgd dhsadrdnoproeetssedn  dat a
fields, and decoding at |east one of the plurality of information data
fields. |In domondammtomiln bn embedieentasified destingtivm addesen bssocistedhtvitbm, t here
is provided a

client are alphabetized or rank-ordered based on frequency of occurrence. Every time

an address associated with a client is verified, it is added to the database and the

- order of the associated destination addresses modified, if appropriate. It is only
after the system determines that the originating client is not stored in the database
does it resort to a ZIP+4 or similar database to verify a destination address.

In accordance with an aspect of the present invention, there is provided a
method of capturing and processing information from a plurality of forms
concurrently the method comprising the steps of, capturing an image of a plurality of
forms randomly positioned oh a moving conveyor belt and visible to an imager, each
one of the forms being respectively associated with one of a plurality of packages,
locating at least one of the plurality of forms in the captured image, the at least one
form comprising a plurality of information data fields, and decoding at least one of the
plurality of information data fields.

In accordance with another aspect of the present invention, there is provided a

computer system for capturing and processing information from a plurality of forms




conput er system for capturing and processing information froma plurality
of forms 7 July 2005 -4a traveling on a conveyor belt, concurrently,
conprising, a nenory having program instructions, and a processor
configured to use the programinstructions to capture an i mage? &ily2fe5
plurality of forns, each one of the forns being associated wth one of a
plurality of packages respectively, to |locate at | east one of the plurality
of forms in the captured inage, wherein said at | east one form conprises a
plurality of information data fields, af@ to decode the information on the
at least one of the plurality of forns. In accordance wth yet another
aspect of tHovplingsemna conveyort g@h condugerily, sopposiig] edmemoyylsving frogramapt ur i ng
and processing information froma plurality of forms concurrently, the
f or ms bei ng instrwgoersyandaspro¢essos dordigueedrto wkanie pmgueay instrimtibns tarvdptusei & bl e, t he
system conprising, neans for capturing an inage of the plurality of forns,
each one of ipdage 6ltherplutaditnef forsy eachi one lof theSewes ringthswiciakedewitthoref ofa
plurality of packages, nmeans for locating at |east one of said plurality
of forns in phiwslitymppackegts réspectizely b docaierat fehst ong of thayplurafityrofiforsnsdother i sed of
~a plurality of information data fields, and neans for decoding the
i nf or mat i on captutddamage, [vdwmesin sand aioleast loee firur ednipriyesaf plmatitysof ihforaattor dance
wi t h anot her aspect of the present invention, there is provided a nethod
of capt uri nglagrittlgsy aulde deaode thafirdomeation on theabdeast pheiofzthé plyralify of dorms.
concurrently, the forns being visible to an i nmager and associated with a
plurality of phricagdancetvdth yat anotlen dspettyof fegirtsentriaention, shamoisipngyidednveyor
belt, the method conprising, capturing an inmage of the plurality of
packages and systenasfoochpitsag fand nppcessing anformatioh fremst @uslityf of Hempl ural ity
of forms in the captured imge, the at |east one formconprised of a
pl ural ity ofconaiinentintthoformatbeaing iraiddsly aoditiched ediangowhg kemsyorobedt @kl t he
plurality of information data fields.

visible, the system comprising, means for capturing an image of the plurality of

forms, each one of the forms being respectively associated with each of a plurality of

‘packages, means for locating at least one of said plurality of forms in the captured

image, wherein the at least form is comprised of a plurality of information data fields,
~-and means for decoding the information on the at least one of the plurality of forms.

In accordance with another aspect of the present invention, there is provided a
method of capturing and processing information from a plurality of forms
concurrently, the forms being visible to an imager and associated with a plurality of
packages that are randomly‘ positioned on a moving conveyor belt, the method
comprising, capturing an image of the plurality of packages and the associated forms,
locating at least one of the plurality of forms in the captured image, the at least one
foﬁn comprised of a plurality of information data fields, and decoding at least one of
the plurality of information data fields.

In accordance w1th yet another aspect of the present invention, there is provided

a method of capturing and processing information from a plurality of forms associated




In accordance with yet another aspect of the present invention, there is
provided a nmethod of capturing and processing information froma plurality
of forns associated 7 July 2005 -4b with packages concurrently, the nethod
conprising, capturing an image of a plurality of packages that7du2005
random y positioned on a noving conveyor belt, locating in the captured

i mge at | east one formcorresponding to one of the plurality of packages,
the at | east one formconprised of a plurality of information data fiel ds.
It is to be understood that both the forélmoi ng general description and the
followi ng detail ed description are exenplary and explanatory only and are
not restri cwitlvpackéges benciimenglyt the metlad compiisieg) cafwiiref anDewege 0fx plonlityf t he
Drawi ngs The acconpanyi ng draw ngs, which are incorporated in and
constitute aofpackages thattanerapgaulyfhosidivnainn 4 movisg canveyqrtzdtelocitingin éeer r ed
enbodi nents of the invention and, preferred enbodi ments given bel ow, serve
to expl ai'n tdaptupdiinegphtdsasobng foemi qowresponding td-ogpuefathd plusalidy pf pacbages)
representation of a package processing facility in accordance with the

- present i nvehe atderst ahe JorycadifBed ofs pringlity of iformatiomydapficldal r epr esent ati on
of a package processing systemin accordance with the present invention;
Figure 3 is an Bxafpbeumierstoodchan Hollathefargeding perme siswdiptign afethpr esent
invention; 5 Figure 4 is a detailed block diagramof the primary inage

capt ur e st ditllogving detaibedloduscliptior ané exentley pnd seplanatoryemily emd are not

restrictive of the invention, as claimed.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and constitute a part of
the specification, illustrate presently preferred embodiments of the invention and,
preferred embodiments given below, serve to explain the principles of the invention.

Figure 1 is a pictorial representation of a package processing facility in

accordance with the present invention;




Figure 5 is a pictorial drawing of the imge capture systemin accordance
with the present invention; Figure 6 is a pictorial drawi ng of the

t wo- canera sub-assenbly in accordance 10 with the present invention;
Figure 7 is a side view of the imaging nodul e in accordance wit hJglK2005
present invention; Figure 8 is a detailed block diagramof the electronics
nodul e of the inage capture system 15 Figure 9 is pictorial
representation of various predeterm ned patterns that may be identified by
the pattern recognition systemof the.present. invention; Figures 10 and 11
are detailed flow diagrans of the nethod of field processing in accordance
with the present Figueerit b graphidal gpreentitioniof a packiage piocessingsystetk irdi agr am of t he
user termnal of FIG 2; 20 Figure 13 is a detailed block diagramof the
al i as ser veracedrddabe3nitiPthe pregbnt iffvegliomg 14 i s a sanpl e source and destination

| abel . Detailed Description In the follow ng detail ed description of the
preferred enbodi Fizte,3 is af exaeple of 4 form thetdey be probessed by thepmsepi ng dr awi ngs t hat
forma part thereof, and in which is shown 7 July 2005 -6 by way of

i llustrati onineenigrgci fi ¢ enbodi nent in which the invention nay be practiced.
Thi s enbodi ment is described in sufficient detail to enable those skilled
in the &art to pFiguteiddea ddialed bivekilidgmm ofie primaiydmege chpture statéande ood t hat ot her
enbodi ments nay be wutilized and that structural changes may be made

wi t hout depaactardancd withnthe presestdoysationf 5 t he present invention. The fol |l owi ng
detailed description is, therefore, not to be taken

: Figure 5 is a pictorial drawing of the image capture system in accordance with

the present invention;

Figure 6 is a pictorial drawing of the two-camera sub-assembly in accordance

10 with the present invention;

Figure 7 is a side view of the imaging module in accordance with the present

invention;

Figure 8 is a detailed block diagram of the eleotronics module of the image
capture system;
15 Figure 9 is pictorial representation of various predetermined patterns that may
be identified by the pattern rect;g}iﬂon system of the present invention;
Figures 10 and 11 are detafled flow diagrams of the method of field processing
in accordance with the preseﬁt ihvenﬁon;
Figure 12 is a detailed block diagram of the user terminal of FIG. Z;
20 Figure 13 is a detailed block diagram of the alias server of FIG. 2; and
Figure 14 is a sample source and destination label.

Detailed Description

In the following detailed description of the preferred embodiment, reference is

made to the accompanying drawings that form a part thereof, and in which is shown



inalimted sense. Turning first to the nonmenclature of the specification,
the detailed description which follows is represented largely in terns of
processes and synbolic representations of operations perforned by
conventional conputer conponents, 10 including a central processi#y 2065 t
(CPU), nenory storage devices for the CPU, and connected pixel-oriented

di spl ay devices. These operations include the manipulation of data bits by
the CPU and the nai ntenance of these bits within data structures reside in
one or nore of the nenory storage devi®es. Such data structures | npose a

physi cal organi zat4 on.upon the Ll ect.i o d | stored within

conputer ne rvayaoggi"%?n&gﬁpg’%@cn Eﬁ%f]? %’ﬁéﬁ'&% ?%n?gr?ﬁ%?be %ﬁe ic elenents.
These synbol ¢ represen ' . the..ean killed in the
art of conpu re%%‘rﬁn%%g‘ﬁa%%“&?%?%‘3’?@3%?@%&%‘?%‘0@ effectively

convey. t eachi hgse AR IneliB PR B, bikeRlo0R R S bl bl 21, For the

pur poses of 'S usstion, FOCESS IS genefally conceived to be a 20

ot 23§fcseﬁfﬁré@%€* (o8 N ool e G Dol Tl LR T?fii.
oot r Foal | HoHRRmAEE" TR bidyind A0 QGBol . deferr Bt bl Rie M ©

transferred,mggﬁt%d‘l% conpared, or otherw se nmanipulated. It is
convent.i onal  ToOr ul'y

( _ 2005 7 those skilled in the art to refer to these
oiopals as bite, iyt doER b i OROBAA Rk i 0Dl oCl S,
physi cal - quangsp Bt EhiBy ROV bitelf o ARaR A Slldil CO8 L Ter e ar e
merely ~ representations of operations performed by conventional computer components,
- "10 - including a central processing unit (CPU), memory storage devices for the CPU, and
connected pixel-oriented display devices. These operations include the manipulation
of data bits by the CPU and the maintenance of these bits within data structures reside
in one or more of the memory storage devices. Such data structures impose a physical
organization upon the collection of data bits stored within computer memory and
15 represent specific electrical or magnetic elements. These symbolic representations are
the means used by those skilled in the art of computer programming and computer
constraction to most effectively convey teachings and discoveries to others skilled in
the art.
For the purposes of this discussion, a process is generally conceivedtobe a
20 sequence of computer-executed steps leading to a desired result. These steps
generally require physical
manipulations of physical quantities. Usually, though not necessarily, these quanﬁ'ties
take the form of electrical, magnetic, or optical mgna.ls capable of being stored,
transferred, combined, compared, or otherwise manipulated. If is conventional for




5 conventional |abels applied to physical quantities that exist within and
during operation of the conputer. It should al so be understood that
mani pul ations within the conputer are often referred to in terns such as
addi ng, conparing, nmoving, etc. which are often associated w t#AJRAEP
operations perfornmed by a human operator. It nust be 10 understood that no
such invol venent of a human operator is necessary or even desirable in the
present invention. The operations described herein are machi ne operations
performed in conjunction with a human-Bperator or user who interacts with
the conputer. The machines used for_perform ng the operation of the present
i nventi on i ribosesdlleddn the art tayefesie theseiggals ag bi elpments SYsRler simil ar
conputing 15 devices. In addition, it should be understood that the
programs, probeedesdamabiseisl sumbersgrecordie Blep pisbalikse ahanldhekenién rel at ed or
limted to any particular conputer or apparatus, Rather, various types: of
“general pur peisé beweysr Hhakthesgpn semsghowld e wepcistes with appsenrigiet ed i n
accordance.wi th the teachings described herein. Simlarly, it may 20 prove
advant ageousPhysicat enpatities £ar coypruter eflerafions, 2pd that thesgdermparp Bl m t he net hod st eps
descri bed herein by way of dedicated conputer systens with hard-wired | ogic

or pr &gr ansonyentieng! iphelsnaplicd fonbysical qranfitiey thateyishwithin gad dukingn| v nenory. The

operating environment in which the present invention is used enconpasses
general di stopppiined thespmPHStng syst ems wherein general purpose 7 July 2005
-$ conputers, workstations, or personal cqQnmputers are connected via

cormmuni cati on | Jtgheuldsisops prdsistood thaanantpplagions withinthecomputer a5 988B genent |

prograns and data, many in the form of objects, are de avail abl e by
various mentsefeeddp in termis §ychpgpdding, comparing, moving, etc. which are often

aséociated with manual operations performed by a human operator. It must be
10 understood that no such involvement of a human operator is necessary or even
desirable in the present invention, The operations described herein are machine
operations performed in conjunction with a human operator or user who interacts with
the computer. The machines used for performing the operation of the present
invention include general purpose digital computers or other similar computing
15 devices.
In addition, it should be understood that the programs, processes, methods, etc.
described herein are not related or hmlted to any particular computer or apparatus.
Rather, various types of genéral ‘purpose machines may be used with programs
constructed in accordance with the teachings described herein. Similarly, it may
20 prove advantageous to construct specialized apparatus to perform the method steps
described herein by way of dedicated computer systems with hard-wired logic or
programs stored in nonvolatile memory, such as read only memory.
The operating environment in which the present invention is used

encompasses general distributed computing systems wherein general purpose




In accordance with the invention, users at renote termnals in a network 5
comuni cate through the network to a server or a web site and are able to
downl oad data fromthe server or web site to the user's client

wor kst ation. As this enbodinment of the invention is described Rdulgi2f)5a
web browser programon a client workstation for browsing a network, such
as the Internet, will be referred to as the browser, while the server

wor kstation with which the browser station is conmunicating during a 10
download will be referred to as the seéicver. A systemin accordance with the
present invention, corrprl ses a plurality of conputer term nals and
servers. Eac?P@P}‘ﬁﬁ@: WW#&WWWMW jon ayery ot her
type of conputer i ncl udin central processing unit, displ n\{ devi ce, and
oper at or i npligksgg W%%M@*WWWS@%%P@%W&%WYI% fach type of
conputer 15 may al so performo rati ons described herein as being perforned
by every ot hiopm pigbjscts,sre rada il @% YW“HP’%@WF@ %%tem may conprise any
one of a nunber of types of netwprks over whic I|en conmput ers and
server conput er s HEsperdaneeithdhe ipyeatiopetserg at remete ks (LANs), wide

area networks (WANs), the Internet and any ot her works that distribute
processing afpmamisHte thepwelthe PREVIREK 19 a5pTRieTAF # gD %‘P"W@&%@ “’I‘T‘M‘qon li ne

services typically provide functionality such as ctronic mail (email),
file transfé&ionhegesier o ppps ‘te“%ttﬁﬁlus%"rqth ‘Stf %&“’é @ess. The WWW

I's a graphical, subnetwork of the Internet Wth conmon "web browser"
sof t war e suc‘ff@énmlwbﬂ@ﬁ@@aap Wﬁ’gmﬁﬁ |y access
I nternet information and serV| cesIP rowser, .handl es t he

function of rbromspesgetvork. sick b =t t?@@ﬁ%ﬁ%ﬁ%?f n"on the
Lnltelrggts ?Egﬁg]@%‘?ﬂ | nfo t‘l’%@ l}grow ded me%ca%ngra/u%]rlgaThe WWwWWwW
10 dovnload will be referred to as the server. '
A systern in accordance with the present invention, compiises a plurality of
computer terminals and servers. Each type of computer may be generally similar to
- every other type of computer including a central processing unit, display device, and
opesator input device. Moreover, it will be appreciated that each type of computer
15 may also perform operations described herein as being petformed by every other type
of computer. The distributed system may comprise any one of a number of types of
networks over which client computers and server computers communicate, including
local area networks (LANGs), wide area networks (WAN), the Internet and any other
| networls that distribute processing and share data among a plurality of nodes. The
20 on-line services typically provide functionality such as electronic mail (email), file
transfer protocol (FTP), and World Wide Web (WWW) access.
The WWW is a graphical subnetwork of the Internet, Withﬁcommon "web
browser" software suci: as Mosaic or Netscape Navigator, users may easily access

Internet information and services on the WWW. The browser handles the function of




organi ze, search, and present information on the Internet. Using the
browser, a user can select a word ("hypertext word") froma viewed
docurnent, and be linked to 5 another docunent featuring information related
to that word. These links are within the Wb server domain and’ /8%dP@5in a
progressively deeper search or base of choices. In the business arena, a
service provider can, with an Internet address and a hypertext editor,
devel op a hypertext docunent called a "hone page,"” which a user nay
explore visiting the provider's Wb server. The home page furnishes

I nformati on 10 about the service offered by the provider through use of

gr aphi ¢ i maglesatingand targetihg/ipforhitioh oxtheolntees] and tisplayiig inforrhedibn i nf or mati on, the
user is guided through the hone page to select the service and desired
servi ce f eat prodded bire fesver.iThe WVOW utilizesthe tecliielogy ¢alledy"hypeatextt tawi ngs, in whi ch

li ke nunerals refer to |ike parts throughout the several views, Fig. 1

i |1 ustrates ergpizetsearihadnd pepmembmnation omtholutesnet. Wsing\the wewsepavdenge
distribution facility 5 for processi ng packages. Each package di stribution
facility 5 icecnedeehs wadhyperiext wordldromeapriawed detmaentond bolinked ol ural ity of
keying stations 14, an exception handling station 16, a |abeling station
18, and a paaskteraiocumgrideatiging inforinefivn Pedatednte thitavped Thsedinksare withinf aci ity at
the bottom of the figure, near image capture station 12, and proceed up
and to the |th¢ Web sspygrdomeinahdigeuldinaphogressively decperisearchag basppiohoiess, as known by
those skilled in the art, package f |ow can proceed fromeither direction
and conveyor beIﬂﬁhﬁméaﬁsﬂ@@uwﬁﬂﬁﬁyﬂﬁﬁav@%“mgénhﬁ%%ﬁgﬁﬁﬁggdadepicted in
FIG 1, vary in height, weight and size, and may be oriented arbitrarily on
t he conveyorhypestext edifor, deyelo spqumentgnlled a ismepagait which alseit t he package

identifying information, nailing@label, or processing formnust be visible

to the i magimay esplere sisitingrthg proyiders Wb servep The lmmepapg furpishpsgpfersnatioh| ock di agr am

of the present invention as partially depicted )
10 about the service offered by the provider through use of graphic images, sound,

hyperlink choites, ete. With that information, the user is guided through the home
page to select the service and desired service features.
Referring now in more detail to the drawings, in which like numerals refer to
like parts throughout the_several views, Fig. 1 illustrates a pictorial representation of a
15 typical package distribution facility 5 for processing packages. Each package
distribution facility 5 is comprised of a image capture station 12, a plurality of keying
stations 14, an exception handling station 16, a labeling station 18, and a package
loading station 20. Packagesl 25 enter the facility at the bottom of the figure, near
image capture station 12, and procéed up and to the left toward package loading
20 station 20. However, as known by those skilled in the art, package flow can proceed
- from either direction, and conveyor belt 27 can assume any shape. The packages 25 -
depic';ed in FIG. 1, vary in height, weight and size, and may be oriented arbitrarily on
the conveyor belt 27. The only positional requirement is that the package identifying

information, mailing label, or processing form must be visible to the imaging system.




in FIG ‘1. As shown in FIG 2, package processing system 10 is designed to
comuni cate across a network 29. The package processing system 10, is
conprised of a plurality of interconnected conputers and m croprocessors
hosting a plurality of 5 operating systems. By way of exanpl e, }F)H@Yﬁ@%\ork
can be conprised of pentiumm based m croprocessors operating on

W ndows/ NT, UNI X and/ or W ndows/CE operating systens. FIG 2 further shows
t hat package processing system 10 is conprised of a know edge- base server
31, a package information server 32, d4fd an alias server 33. As will be
expl ai ned | ater,_ know edge-base server 31, package 10 information server
32, and alias seViep ilhstraenabiockdingien pithe provntinwpticnappatiallydenideded by users
| ogged onto the system 10 who want to retrieve information stored on one of

the server 42 F¥6adhAs ghoyain FIG. 3 packagepracersing systegpldds designsd tast or e

know edge- base, package or tracking information for use by a custoner

| ocat ed at FOWDERICIRRCEISH A netwerk 29 sFhe gackagspEocessing sesteilr is epPtitetht s t o
determne the | ocation of her in-transit_ package 15 will agcess alias
server 33 vioaaaluﬁhmmmm@u@ﬁaa%@fcrewwahowam%&mn turn, nay
access the package information server 32 to answer the custonper's query. A

user at a SpLrtEgsyt@ns. Byway ghgranple. thenetoresan be pasapesidiobprnivmthy ough net wor k

29 from virtually any |ocation over, either a w.rreless a hard-w red

i nterface. @%@@%?RWW@OPWEP&WPFSWHBWE%VQ?Qﬁ10 via a wirel ess
I nterface communpicate with re terggf 2 thcgagystem 10 over .the airwaves at
radi o frequ@RTHEE sYSHns %@é‘“ﬁl Y tag) PRESAgSPECCOE BT NS a hard- wi red

i nterface comuni e W the rest_ of the system 10 oyer wire or fiber
optic nedi ummmgse%afﬁlmaﬁrfe -%%%55!’ P@?&Wﬁéﬁﬂ%@&&%@eﬁ% sing system 10

identifies a, package 25, |t Ei-teﬁ r crea{ S a new ﬁcil:(ac eerecord dat abase

entry or updatsEeverys7 A3yl besgpjgned lajer, knowledge-base serve
10 information server 32, and alias server 33 contain information that can be accessed by

users logged onto the system 10 who want to retrieve information stored on one of the
servers. Each server is programmed to respectively store knowledge-base, package or
tracking information for use by a customer located at a user terminal 28. For
example, a customer who wants to detel‘mine the location of her in-transit package
15 will access alias server 33 via a browser operating on user terminal 28, which in turn,
may access the package information server 32 to answer the customer’s query. A user
at a system user terminal 28 can access the system 10 through network 29 from
virtually any location ovér efthef a wireless or a hard-wired interface. User terminals
28 interfacing with the system 10 via a wireless interface communicate with rest of
20 - thesystem 10 over thé airwaves at radio frequencies, while users coupled to the
network via a hard-wired interface communicate with the rest of the system 10 over a
wire or fiber optic medium. |
| As will be explained later, when package processing system 10 identifies a

package 25, it either creates a new package record database entry or updates an




existing entry as a way of maintaining an accurate status of each package
processed by the system |nmage capture station 12 as shown in FIG 2, is
further conprised of a. |exicon database 36, package record dat abase 37 and
an i mage database 38, form recognition nodule 64 and a field pfdeEg8Phg
nodul e 66. I mage capture station 12 5 and its conponents will be expl ai ned
in greater detail below FIG 3 illustrates a typical form40 that is
processed by package processing system 10. Form 40 includes a source
address 42, a destination address 44, -llmachi ne-readabl e code 46a, fiduciary
mar ks 48, and_ shipping information 50. Source and destination addresses 42
and 44, respEEHpay a5 3 Y9y, of mainipinieg pgacqurairstausof ¢ash paskaze pocsspades of

al phanuneric text, with destinatjon address_44 |ocated bel ow source address
42. Machi ne-Yydhesysier- kende capbue siajign 123sishovedpBlG. 248 fustherfemprissd k4 onal or t wo-
di rensi onal bar code or synbol ogy. In a preferred epbodi nent, nmachi ne
readabl e co’ﬂ@"‘l%iétabﬂsﬁ@EWWW?&@M”&&W%W%@%E% lity density
function (PDF) 417 bar, code. A plurality of fiduciary marks 48 are

posi ti oned ofcqeBiti 2 “&Mﬁiﬂéﬁ%mﬁwwﬂe&éa{%ﬁw%@ani%stem 10 in
identifying and properly  decodj n%%an i rrage form Form 40 al so includes
shi ppi Mg i nf@fitaquaRnests vl bt expiaiped i ereatken e&g‘@e@ﬁ"the form through the use

For m consi st o of FRhP bR oL EELH) Yitpromeme B kRS S s soci at od

Form 40 oy BERESPFERJ BEHEAOEE NUPB A FOHPTAWESHy or may not bo

Component s dFRMEEAPI S Aon AL RS 5 ol PUeE PR PO 0 98 || be

27 1 hey. ar o0 ASHRAIOR LT T ¢4 rRETE AHeAC RIS ET B 4 B%inose. 1 unct | on

5 O Ot U d R o PR AHS ab 120 L A0 SREEGRERS U ST O
42, Machine-readable code 46a typically comprises a one-dimensional or two-

-dimensional bar code or symbology. In a preferred embodiment, machine readable
code 46a will consist of a two-dimensional probability density fonction (PDF) 417 bar
code. A plurality of fiduciary marks 48 are positioned on form 40 at predetermined

15 locations to aid system 10 in identifying and properly decoding an imaged form.
Form 40 also includes shipping information 50 that may be recorded on the form
through the use of cﬁeck boxes. For the sake of clarity, this description assumes that
the form consists of information necessary to deliver it and an associated package 25,
to a predetermined destination, It should be understood that form 40 may contain any

20 kind of information and it may or may not be associated with a package for delivery.

Referring again to FIG. 1, the components and operation of the package

processing system 10 will be descﬁbed in additioﬁai detail. As packages are placed
on conveyor belt 27, they are transported first to image capture station 12 whose

function is to capture an image of the packages that transit image capture station 12




-12 by repeatedly capturing i mages of conveyor belt 27 over a predeterm ned
period of tine. During the period of tine fromwhen the i nage capture
station 12 captures an inage of package 25, until the package reaches
| abel i ng station 18, package processing system 10 extracts i nd¥vulsgz805
forms 40 fromthe captured i nage, analyzes 5 the information witten on the
form and creates a routing | abel for the package. Since inage capture
station 12 does not inage individual fornms, processing system 10 first
i sol ates each form40 in a captured i+i&ge before the informati on on each
form 40 can_ be decoded. Once an individual formis identified, system 10
det er ni nes th@epsatedbnenpgagimapryof eonyeyathplt 32 eer p prgdaterginediprsiod ofif f i xed to
them A routing_|abel is 10 conprised of a 32 digit special ASC | machine
readabl e codise. Byengte pesiod etine frogpwhenithpdmagesapiire sipviand2saiures an i dent i fi es
the attributes required by the application of. the database record
i denti fier d%agsefpackegedr1mtikthepapkaswtsarbes lpheling:siatior &8, per¥eg%est i nat i on
addresses, special handlin rocedures for the package, and an identifier
of the for mPf@ﬁ%%%Wﬁgﬁ?glm@“%%ﬁsép@WQ?@W%&%WThe routing
| abel may al so include 15 human-readabl e, al phanuperic text. Parties that
shi p a~>hi gh Rednioratign wHtsoon dedorms gnd oerates o roytinedapelfor the Backeggt SHEE | abel
generating systemthat allows rquting, l.abels to be, affix t o packages
bef ore t hey "Bpgeiceriurg statipn @ dors ﬂﬁr"@'&@é’é‘%‘ﬂ@”ﬁ%}’%ﬂ?%’%’“@’%ﬁg fFbcessi ng
system.10 determ nes that a package does nqt have a rquting |abel, it
Cidentifies ROl awh iy dlinacanpird dRags ‘eiﬂ%?f’gP‘iﬁ‘EPbe?P?@ﬁ‘é’B’P 98, and if

. necessary, 20 builds a package record database_entry, If the systemis
unabl e to pé?ﬁ%?ﬁ#aﬁ?“ﬁﬁ“ﬁ‘%gmﬁ$@%ﬁﬂﬁﬁﬁﬁﬁé§ﬁ§né%ﬁﬁﬁéFﬁ%&@¥ception of

| ocating the routing_|apel), exceptio andlin stafiqn 16 is alerted, and

t he probl eWF@%WM%PWéP@Pg%%%%g@%g’Wg 2t labeling

station 18, a routi | abel | ated, if necessary, and affixed to

packadd 25 °pg °$%@%@R33§§A§éﬁﬁé§‘%ﬁeﬁa€ﬂﬂ%‘iﬁ% g9l t¥9e kage | oadi ng

station 20.
dimensional symbology. It identifies the attributes required by the application of: the

-database record identifier associated with the package, the source and destination.
addresses, special handling procedures for the package, and an identifier of the form
that was originally associated with the package. The routing label may also include

15 human-readable, alphanumeric text. Parties that ship a high volume of packages may
be supplied with a routing label generating system that allows routing labels to be
affixed to packages before they arrive at package processing system 10. After
processing systcni 10 determines that package does not have a routing label, it
identifies form 40, locates and decodes information on form 40, and if necessary,

20 builds a package record database entry. H the system is unable to perform any of the
preceding tasks (with the exception of locating the routing label), exception handling
station 16 is alerted, and the problem is comrected there. When package 25 arrives at
labeling station 18, a routing label is created, if nécessary, and affixed to package 25

before the package is permitted to proceed to package loading station 20.




7 July 2005 -13 The operation of each package processing station will now
be described in nore detail. As shown in FIG 4, inmage capture station 12
i ncludes an inage capture system 60, a pattern recognition system62, a
form recognition system 64, and a field processing system 66. AJUER8GH in
FIG 5, inmage capture system 60 includes an 5 i magi ng nodul e 100, and an
el ectroni cs nodul e 200. I nmaging nodule 100 is conprised of a primary | ens
‘(or mirror) 102, a secondary lens (or mirror) 104, a phase nask 106, and
at | east one detector 108. In operatida; imagi ng nodule 100 continuously
captures high resolution i mages of a segnent of conveyor belt 27,
i ncl udi ng the pa@k&@@@uwfpﬁgaﬂwmcﬁﬂﬁMMVWWI cibagrient at any
instant in tinme. 10 Unlike Bri or_art package imaging systens, imaging
nodul € 100 i Boedpiaib|As shawn is FiG, 4y imagenapimg stelinntld idclidesan éhagaeaptoge of the top
surfaces of a plurality of packages 25, regardless of the height of the
packages. | t sysem§0iapatieayaererition system §P.adormrecognitionisysing 64 gndafielk| i ng on
conveyor belt 27 without aligning_them beforehand. Conveyor belt 27 is
i maged t hr ouBfRCSSIEFESER G50 s shoyn in B Srimrageyantspsysien 60 inghidesshase 15 mask 106,
onto detector 108. Phase mask 106 varies the phase of the light transmtted
througt it. imesipgmednglgdend yrelesonicsmadule 200, frsgingmadaleilisvar i ati ons in
opaqueness, . thickness or index of refraction, Phase mask 106 is designed
to alter an §oHPHIFEP agydens §min o { @nd yeeqndary Jong (obminpd@.apbase and processes
~the signal intensity) in such a way _that the systemresponse to a point
object or p léﬁai“éa"ﬂwwt@fﬁ"r(l%ﬁ?OP@@%I%W%MZGQQ nsensitive to the
di stance of the point frompripmary, |l ens 102, over a predeterm ned range of
obj ect di st feEwouslycapiiges highgesolufonimsges of aigement efpamierendplt 2% si nul t aneousl y
I mage a plurality of packages regardl ess of their height, this arrangenent
‘mini mi zes dhd th?dﬁ%&ﬁ?ﬁl@%%@&@é@éOPmﬁdtm@%ﬂ@ﬁmﬁWMd tilted

- surfaces, resn%lkting in L L. )
10 Unlike prior art package imaging systems, imaging module 100 is capable of

simultaneously capturing a clear image of the top surfaces of a phrality of packages
25, regardless of the height of the packages. It also is capable of imaging the
packages 25 traveling on conveyor belt 27 without aligning them beforehand.
Conveyor belt 27 is imaged through primary lens 102, secondary lens 104, and phase
15 mask 106, onto detector 108. Phase mask 106 varies the phase of the light transmitted
through it. Itis éomposcd of an optical material having variations in opaqueness,
thickness or index of refraction. Phase mask 106 is designed to alter an incoherent
optical system (one that only detects and processes the signal intensity) in such a way
that the system response to a point object or point spread function (PSF) is relatively
20 insensitive to the distance of the point from primary lens 102, over a predetermined
range of object distances. In addition to providing a capability to simultaneously
image a plurality of packages regardless of their height, this arrangement minimizes
distortion of the package label images on curved and tilted surfaces, resulting in

improved performance of algorithms used subsequently to decode bar codes andto




I nproved performance of algorithnms used subsequently to decode bar codes
and to 7 July 2005 -14 perform character recognition. The output of phase
mask 106 is sanpled by detector 108, anplified by canera el ectronics 110,
and digitized in frame grabber 112 for processing by processor7 {ul%2005
Character recognition for automated package routing, as is known by those
5 skilled in the art, requires high resolution imaging (at |east 200 dots
per inch). Capturing an entire inmage of conveyor belt 27 (which is
typically 3 - 5 feet wide) at this r el ut i on, requires 9 -15,000 pixels

across the belt 27, To performgthis ta i capt ur stem 60 utilizes
an i magi ng B c’i%?ef%ﬁ?gng’t%s P@W§Ma@g§?@ﬁ@§ﬂ§§§§m| y 116. As
shown in FI two-canera subass I 16 i,s 10 const ed of two high
resol ution S&?ﬁg%@y% W?@?‘éﬁ@%&ﬁa&@egﬁﬁ%ﬁ“ﬁ%h resol ution
camera 120 and 120'.1isS grefﬁﬁabl y either a line scan or tine delay.

I ntegration F‘?ﬁﬁsﬁm%%v ¥or *cont i nuousl y imagi ng the noving conveyor belt

behi nd secondar y CBRE oG Ta P e nkipe ik Bl bl 7L 2 1
ot ect of s 10§ ot SRR Bk Bt e Gllest W Wl bl s (o i mage
122" a1 owe cgaink i iR R RO R byl ¥ B R BETT )
erbod nont . RERPHSR BN 8Tyl B S e o P PR A S, B0 o7
cach: vaner o wegsgblivtbyien Bhefiéon ARl A 1 RRKSBLARLELNOCT T PEL T

approach is al

avai | abl e. cm@%%&bags%ﬁ%iyqlgh&tsh%lh% 6%%&@'5%35@)9“& on caner as

10 constructed of two high resolution cameras 120 and 120’ oriented 90° apart. Each

. high resolution camera 120.and 120' is preferably either a line scan or time delay
integration (TDI) camera for continnously imaging the moving conveyor belt 27, As
shown in FIG, 6, phase mask 106 is positioned in the aperture stop behind secondary
lens 104, A small beamsplitter 122 is placed in the converging beam behind phase

15 mask 106, splitting the image to the two detectors 108 and 108", This assembly -
allows the two cameras to image conveyor belt 27 through a common optical path.
The use of beamsplitter 122 allows each.camera’s field of view (FOV) to either be
identical, overlapped to varying degrees, or completely separate. In the preferred
embodiment, the two cameras image separate (left and right) sides of conveyor belt 27
20 with an overlap of only approximately one percent of each cm&a’s FOV.
~ Consequently, the resolution achieved with this approach is almost double that of the -
widest high resolution cameras available.
FIG. 7 illustrates a side view of imaging module 100 (as shown in FIG. 5). In

addition to the components previously discussed, imaging module 100 farther




FIG 7 illustrates a side view of inmaging nodule 100 (as shown in FIG 5).
In addition to the conponents previously discussed, imaging nodule 100
further 7 July 2005 -15 conprises fold mrrors 202, 204, and 206 for
directing a beam of |ight fromconveyor 27 onto secondary |ens’ 1@§%200%
shown in FIG 7, light reflected by objects on conveyor belt 27 travels
along a beam 130, and is first reflected into inmging nodule 100 by fold
mrror 202. Light beam 130 then passes to fold mrror 204, primary 5 mrror
102, fold mrror 206, and on to the ts6-canera subassenbly 116. FIG 8
illustrates the electronics nodule 200 (FIG 5). As discussed with

ref erence t ccompuses Bld mimeet20d 20 andfi§doraliregiog & beapi et Sisar corvegetner a

el ectronics 110, a frane %rabber 112, and a processor 114. As shown in
FIG 8, canmed’oniseeondasnienssiV4.10s shewnimilGes light pflegteddiycdisetson 32 a frami ng
control processor 134, and a lighting control 10 unit 136. Each of the two
cameras 120 WAYEyartolt 2{ trayels glongsa %déga@cbwﬁrsawﬂec@da%%wmgmﬂland 112",
respectively for digitization. Frane grabbers 112 and 112' process the

i mages and, 108 by &ddaion202; Light bramd 3¢ mspassetodeld iy 2bh a1iwawo cameras 120
and 120'. Canera scans are synchroni zed wi th conveyor belt notion through
the usé of fmiERs HY, foldawirerA06,shd ente Shetwa-gamers syhasseg®bf Yhns frequency

mul tiplication on belt encoder pulses 15 to nmintain a relatively constant
“scan resol uti on. F¥ §Hustgptes therclesoniss sodue 20 (% S Asstiscpssie¥®y s i 11 umi nati on
levels of canmeras_ 120 and 120" through the use of lighting,  control unit
136 that nmifReRReedo BIG: &jeleptrapics jnodyls, aﬁ@n}pﬁ@?&efwew?%%%é&a function of
belt speed. |magi ng processor 114 then perforns pixel-by-pixel inage
correction drge gbbary L, and aprecessproldsAs shavwn i@ § prmeray %@%Bse 38 (as
shown in FIGs. 2 and 4), 20 before passing the processed inmage to pattern
recogni ti on SyBYssH? kel chepderd 43 adiaming contigl precesser by, andigilightings bed as a

system conprising a single imagi ng pr.ocessor 114,
10 unit 136. Each of the two cameras 120 and 120' transmits images to frame grabbers

112 and 112, respectively for digitization.” Frame grabbers 112 and 112" process the
images and, in response, feed back camera control signals fo cameras 120 and 120"
Camera scans are synchronized with conveyor belt motion through the use of framing
control processor 134, that performs frequency multiplication on belt encoder pulses

15 to maintain a relatively constant scan resolution. Framing control processor 134 also
controls iflumination levels of cameras 120 and 120" through the use of lighting
confrol unit 136 that maintains a relatively constant image brightness as a function of
belt speed. Imaging processor 114 then performs pixel-by-pixel image correction and
analysis, and stores the image in image database 38 (as shown in FIGs. 2 and 4),

.20 before passing the processed image to pattern recognition system 62 for additional
- processing. While described as a system comprising a single imaging processor 114,

it should be understood by those skilled in the art that any number of imaging
processors 114 could be utilized. For example, if two imaging processors are used

(one each for cameras 120 and 120"), they would communicate together and




it should be understood by those skilled in the art that any nunber of

i magi ng processors 114 could be utilized. For exanple, if two inmaging
processors are used (one each for cameras 120 and 120'), they would
comuni cate together and 7 July 2005 -16 coordinate the transny $&y8A0bf
partial inmages to one another, to "stitch" together the picture of fields
whose i mage crosses both caneras. In any event, processing for the inage
decodi ng -operation can be inplenmented with a two-di nensi onal convol ution
operation in the time domai n. Howeversléi he conputati onal throughput
requirenents 5 for a |large two-dinensional convolution at the hi.gh
resol uti ons Yeyirrtedhs tippspiissinn of pasfipd imaggsdeloncanorher ta(fiijchI fogethps theast est  bel t
speeds used in practice. For exanple, it takes a mnimumof 1.5 terafl ops
(1,500, 000 niigfere PEiirdds vihgsq ippgeccrstes both umera. b aayavent, Preessi It thon across a
5-foot-w de belt runpning at 500 feet/m nute. To reduce the  conputational

r equi r enent , ggsfleeoding operating capbeimplemenicd wikadwe-dimeasiensl pYdHions 10 encoded
with a separable PSE that is decoded_using two_orthogonal, one-di nmensional
convol ut i onsoPefetonin the figsaman Hepyever, the eompuistienal roughiivbsequireents i s reduced

by a factor _of 32. Wien pattern recognition system 62 (as shown in FIG 4)
recei ves t hefm'4)‘1""@?W%BWFPH@@PHWF“W%S%reé"ll‘lf\{??élelﬂk}‘?efdinﬁ’étb&nal ysi s of

pat t or . vy OB DALY e St bl eeBaR e PSR, POE PR SR T our

Tvent | on. | ASREHBHIPGL trdsps b, AN ERANGRS & dAIBRAS FRICHFFRST eatabl o code

of thi o dereABHONEEE b SUrSHE R RS §E0LEelnEES FelB et er m ned |

attern 46 is a nmachi ne, 20 readabl de 46a.._Sj.nce the,inpage capture
_ gt ation 60 im@gﬁ%ﬁqug%en&p W@as]e( 1860 in the described implementation is g ap

10 encoded with a separable PSF that is decoded using two orthogonal, one-dimensional
convolutions. In the above example, the number of calculations is reduced by a factor
of 32,

When pattern recognition system 62 (as shown in FIG. 4) receives the

digitized image, it performs a line-by-line analysis of intensity data from the captured

15 image to locate a predetermined pattern. While any number of patierns can be used,
FIG. 9 shows four examples of patterns that may be used in accordance with the
present invention. As shown in FIG. 9, pattern 46 can be a machine readable code
46a, text 46b, a repetitive paﬁ:erh 46c, or a picture 46d. For the purposes of this
detailed description, it will be assumed that predetermined pattern 46 is a machine

20 readable code 46a. Since the image capture station 60 images portions of the
conveyor belt 27, not individual packages 25, there is always the possibility that a
partial pattern may be captured in a single image. In the event that the pattern
recognition system 62 determines that only a portion of the pattern has been captured

in the present image, it will first ascertain where the remaining portion of the pattern




conveyor belt 27, not individual packages 25, there is always the
possibility that a partial pattern nay be captured in a single inmage. In
the event that the pattern recognition system 62 determn nes that onlg a
portion of the pattern has been captured in the present image,’

first ascertain where the remaining portion of the pattern 7 July 2005 -17
46 can be found (the top or bottomof the current image). If the remaining
portion is found at the top of the current inmage (indicating that the rest
of the pattern 46 was captured in the7previous image) it will retrieve the
remai ni ng po
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After the pattern recognition system 62 detects machine readable code 464, it
determines whether the code corresponds to a routing label and if appropriate, updates
the corresponding record in ﬁe package record database 37. As explained earlier, no
further processing is required when the pattern recognition system 62 determines that

15 the machine readable code 46a is a roufing label.
If the machine readable code 46a is not a routing label, package processing
flows to the form recbgnition system 64 which locates fiduciaries 48 on form 40 and
~ determines a region of interest (ROI) based on the pﬁsitiop and orientation of machine
readable code 46a and fiduciaries 48. The ROI is then extracted from the captured
20 image for further processing. As in the case with the pattern recognition system 62,
there is a possibility that while an entire pattern 46 is.captured in a single image, the
ROI may actually Iié in two or more successive images. In the event that the form
recognition system 64 determines that a single form is captured in a number of

successive images, processing will proceed as previously discussed with reference to




20 image for further processing. As in the case with the pattern
recognition system62, there is a possibility that while an entire pattern
46 is captured in a single inage, the RO nay actually lie in two or nore
successive images. In the event that the form recognition systélg2005
determnes that a single formis captured in a nunber of successive

| mges, processing will proceed as previously discussed wth reference to
------------ 7 July 2005 -18- the pattern recognition system62. That is,
the formrecognition system 64 w || adfess | mage dat abase 38 and retrieve

h ind f I I d ' il th
entiro form Boons eS8 e LSt m e R e 51 ze of
the RO [ based t he .Si f .t.he det ect ed : [ t
Wil 6 bo |1 ieaunyetR e PR T i s B L+ o dat abace
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t hat woul d b?m&f%%ﬁ@egb%%ﬁ%tﬁe%ﬂﬂﬁe@éﬁ%&%%an\é\hiz?ﬁggw%ﬂttv%ﬁn recognition

system 62 receives | i'mage o1 10 a processor operating in
the pattern Y t 0 e an data captured from
t he for§m i m%gﬁg%@h%@?%@eﬁ%&%gé}s&o%%q%:ﬁgqag}%gsggg.bl e code 46a on form
40. Once the pat . I Ltion. . | eadabl e code
L U

46a, it transfers ormrécognitron t hat then
rogron boarcteabley P30 giindl s Rl R il ol iYL 2, (0,

the -t or e aoaid R g bt nep B St bl SXSAEIURT DOCCSRCR
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fields, fiel cerlst1c°s, pat
10 analyzes the scan data captured from the form image and attempts to locate machine

readable code 46a on form 40. Once the pattern recognition system 62 locafes -

machine readable code 464, it transfers the image to the forin recognition system 64 -

that then locates the fiduciaries 48 on the form, computes ROI 49, extracts the region
bounded by the ROI 49 from the captured image, and identifies the imaged form.

15 As shown in FIG. 4, form recognition system 64 accesses the forms database
78 to carry out the identification of the imaged form. Whenever a form is added to
forms database 78, the locations of all fields, field characteristics, pattern-to-
fiduciaries relationships and intra-field relationships are stored for access by form
recognition system 64, Any form, even another vendor's (e.g., UPS) can be stored in

20 forms database 78.— In operation, form recognition system 64 compares the spatial
relationship between the observed patiern 46 and fiduciaries 48 with enrolled pattern-
~ to-fiduciaries relationships stored in forms database 78 to identify the captured form.
Form recognition system 64 includes general purpose and high performance

- computers that interface with forms database 78 to identify the imaged form for




fiduciaries relationships and infra -field relationships are stored for
access by form recognition system 64. Any form even another vendor's
(e.g., UPS) can be stored in 20 forns database 78. In operation, form
recogni ti on system 64 conpares the spatial relationship betweehJud005
observed pattern 46 and fiduciaries 48 with enrolled pattern-
to-fiduciaries relationships stored in forns database 78 to identify the
captured form Formrecognition system 64 includes general purpose and high
performance conputers that interface w%h forns database 78 to identify the
imaged formfor 7 July 2005 -19 further processing by field processing
system 66. THEheigrosessiag Bsld prasessinesveiem 66 aHhe fosmaecaBaitionpragegscan
characteristic of form 40, such_as field lgcation, synbols, or form size
to aid in theseaanpliesl ehapacisristic obforn 40, suhas Aield logation, sybelner fommt ern 46 on
form40 is a_ nmachine-readable indicator, its content may al so be used as
part of the figcR@idinthsidegiification prosess sHurthermorgeif the peternAS 9 {9s 494s Br ocess

fails, the imge is f?r_v\%rded_ to exception handling station 16 for nanual
oD i

processi ng. Bchinerrgadabledndipator, ilscentent may alse beaied a6 part ofdesideniificatipy associ ated

I mage data are then transmtted to field processing system66. In addition
to recel vi ngPPFfss-i ke Semrespanition aracess filydbaimpge 1§ foryarded i Xty ni ti on  system

64, field processing system 66 al so, receives the |locatign of all the data
fields 10 okﬁnﬁﬁ%#aﬁerb JORTRAHR] DORESSINg cepe A0 BrsdesmipntiBeh e ¢ he
intra-field relatigonships to aid in the analysis of the inmaged form The
field data c’e&lﬁ“t’&éa"i‘}&i’,sﬂ‘?‘ﬁ@ impge data qre then faptiaddnticld ProcestiRgsYSFm &by si ve)

nmachi ne-r eadabl e, check box,  or, a conhi nation_of the above. As shown in
FIG 4, field pr6’&@@9"%@W@%Fﬁ%’@aﬁgé@%é@t%dﬁﬁ@jﬁ%ﬁﬂ?%?WWII dat abase
.72, a l|lexicon database 36, and an address verificatjon datahase 76 to
decode t he 1@598&4#&@?@%3!%%&W@fﬁﬁ&ﬁoméw%@aﬂmfﬁ%lthm@aﬁ@éﬁgmtion i s

S T LRI R LG
the .analysis of the imaged form. The field data can be machine printed, handwritten
(printed or cursive) machine-readable, check box, or a combination of the above. As
shown in FIG. 4, field processing system 66 accesses a pre-printed airbill database 72,
a lexicon database 36, and an address verification database 76 to decode the

15 informaﬁon. written on the imaged form. The recognition is enhanced by using

underlying Iexicon information that can be used in both the character recognition and

- verification of processed fields. Once the fields on the form are processed, the system
performs package-to-record-correlaﬁon in which the package information is correlated
to an existing entry in the package record database 37, or a new entry is built.

20 ‘Information stored in the package record database 37 can then be recalled for the
purpose of generating a routing label comprising the captured information, A routing
label can also be generated that is an identifier that references the captured
information, or is a combination of the two approaches. The captured label

information is then correlated to the physical object {package) containing the form 40




verification of processed fields. Once the fields on the formare
processed, the system perforns package-to-record correlation in which the
package information is correlated to an existing entry in the package
record database 37, or a newentry is built. 20 Infornmation stofady200% he
package record database 37 can then be recalled for the purpose of
generating a routing |abel conprising the captured information. A nuting

| abel can also be generated that is ap identifier that references the
captured information, or is a conbi &% on of the two approaches The
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by the characteristics of the fields to'be processed. This additional process, provides
_the use of context information in conjunction with the OCR/ICR analysis to improve
the level of accuracy realized by the system. When necessary, the field-specific
Tecognition process is aided by the use of installation-specific lexicon information that
15 i continually revised and optimized based on processed form information,
An example of such a lexicon would be a list of city names in the United
States (or international country codes) corresponding to the frequently identified
destinations for packages originating with a particular user. When the system
determines that a package originating with a user contains an unverified string,
20 instead of accessing the enormous address verification (ZIP+4) database 76, field
| processing system 66 would instead access a considerably smaller and more
manageable lexicon that would only contain a maximum of approximately 1000 valid

entries, tailored for that user,




An exanpl e of such a lexicon would be a list of city nanmes in the United
States (or international country codes) corresponding to the frequently
identified destinations for packages originating with a particular user.
Wien the system determ nes that a package originating with a usbdy2@0f ai ns
an unverified string, 20 instead of accessing the enornous address
verification (ZlI P+4) database 76, field processing system 66 would instead
access a considerably. smaller and nore manageable |exicon that would only
contain a maxi nrum of approximately 1085% valid entries, tailored for that
user. 7 July 2005 -21 As described in detail below, there are two phases
of the present s feseribed imdetailbelovy fhege agpdwva phases of the BigHRBRsthadi ¢th a recognition
engi ne and | exicon to dynamcally nmanipulate the string and resolve

anbi gui ti es,usepf agletahaseinicpReert yith fepagaitign enging pudlexiqop &g dyggmically 4j dat e stri ngs
to be resolved by a human operator, (FIG 1 Oa),; and (2) .updating the 5

] exi con in vnipulste theniring apdresplieampiggities, ot pltgmetively amyestashortist of o "F1 6 10a, _
the field processing system 66 first deternines et her . {he decoded

machi ne readaﬁll@fecsﬁ'@ésé@&feﬁ@veé%éé‘ﬂ%ﬂéﬁewlt@‘}alﬁaﬁégswtmr ate re- ship
frequency (step 300). In a preferred enhodi nent, shippers with a noderate
re- shidp fr defrondsvieraoldhentocssed o180 e- assi gned to them and can be

identified by 10 _accessin re-prjnted airbills _database 72 (FIG 4) with
the decoded machRAeTPRRANSI1E de P&@%SS%SYP‘H’&GE‘RE&%G%WW?‘ Shi ppers with

a noderate re-ship freguency al so_ have assqciajed data records stored in
| exi con dat dhedseodgdma leicpdaA6p 15 assad et AS PR Ok es™$dE i nati ons nost
frequently utilized by the shipper. The field procegssin system 66
accesses Ie%@ﬁq‘!f&‘tyéﬂ%@%énfﬁmé egtbodif PRess Vith S0P 161 decoded 15

information. In sone cases (e.g., when the_ shipper .send ckages from a
smal | ship frequency have a?rbill(numgers pre-assigned to them,ag Gan be Sdentitiel gy g

10 acoessing pre-printed airbills database 72 (FIG. 4) with the decoded machine readable
code 46a as the input argument. Shippers with a moderate re-ship frequency also
have associated data records stored in lexicon database 36 (FIG. 4) that correspond to
package destinations most frequently utilized by the shipper. The field processing
system 66 accesses lexicon database 36 to assist in the verification of decoded

15 information. In some cases (¢.g., when the shipper sends packages from a small
number of addresses), information from lexicon database 36 can be directly copied
into package record database 37 in lieu of the time-consuming process of decoding
the form data. If the decoded machine readable code 46a is not associated with a
shipper of moderate re-ship frequency, processing flows to step 306. If, on the other

20 hand, the decoded machine readable code is associated with a shipper of moderate re-

~ ship frequency,‘ processing flows to step 302, where the system determiﬁes whether
there is a single source address 42 associated with the decoded machine readable code
46a. Ifthere is a single source address 42 associated with the decoded machine

readable code 46a, processing flows to step 304 and the source address is extracted




nunber of addresses), information fromlexicon database 36 can be directly
, copied into package record database 37 in |ieu of the tinme-consum ng
process of decoding the formdata. |If the decoded nachi ne readabl e code
46a is not associated with a shipper of noderate re-ship frequehdy2005
processing flows to step 306. If, on the other 20 hand, the decoded nmachi ne
readabl e code is associated with a shipper of noderate re- ship frequency,
processing flows to step 302, where the system determ nes whether there is
a single source address 42 associ ated-2t th the decoded nachi ne readabl e
code 46a. If there is a single source address 42 assocjated with the
decoded mnac Hionethe precpsigisd airbillsdiatabpen72. A thera ispotapinglespires adsesdd 304 and the
source address js extracted 7 July 2005 -22 fromthe pre-printed airbills
dat abase 72.asyopiatefl gith thedleqoded maching rgndabls sefde 362, arpapseing floys to 306 ated with

t he decoded machi ne readabl e code 46a, processing flows to step 306. In
step 306, t Hestep 206y thefisld prosessing sytem Shflespdes thesenres adgess4duiRetiaddr ess 42
using the nost appropriate recognition engine (OCR or |CR); depending upon
the fornat JRost#prapriata Fegogniiiop encing (3R ar ICRY. depeyding mrogthsdo %0 step 308
where field processi ndg system 66 decodes the_ destination address 44 using
a recogniti degodedl.\Neyt prgcesting flop to step\ 308 wherg Held propesdes Ypleher there are
nore fields to be decoded. If there are, processing flows to step 310 and
the next fi lbdlesodesthedraiingtionadfressdft usng sipeognition spgines InGtRR 9% tet ep 332 (as
shown in FIG 10h) where field processing system 66 updates 10 package
record dat aﬁ&%@é#efﬁ%ehwhﬁ%fhﬁ‘ﬁﬁe&?ﬁﬁ%%? e&?-,d@@)cfgﬁ“‘gé‘?em Next, at step
336, field processing system 66 updates,and re-ranks the user's | exicon
data stored Wswgﬁ%wmﬁwﬂé@eg@ﬁéﬂéw%w%? P PEOCeEE 11

illTustrates a flow chart of the decodjng_ Rprocess perfor by the field
processi ng W@(ﬁt@éﬁ(@ﬂ@mﬂ@@elﬁ%}m@mQQQNWWSY#?@QE%QC% n step 412,

t he desired
' 10 package record database 37 with information from the decoded form. Next, at step

336, field processing system 66 updates and re-ranks the user's lexicon data stored in
fexicon database 36 and then terminates.
FIG. 11 iltustrates a flow chart of the decoding process performed by the field
processing system 66 in steps 306, 308, and 310 of FIG. 10A. In step 412, the desired
15 field is vead from the imaged form 40. The retrieved data is then processed in step
414 using a field-specific recognition engine to verify the information in the retrieved
field. As is known by those skilled in the art, traditional recognition engines (J/OCR)
simply analyze input strings on a character-by-character basis. When a complete
word has been analyzed, the processor may then compare the analyzed word to a spell
20 checker as a means of further verifying the character-by-character analysis. Once the
| data has beeni a;lalyzed by the recognition engine, processing flows to step 416 where
the field processing system 66 determines whether the shipper is one that re-ships
with moderate frequency fo the same destination (step 416). If the shipper is nota

shipper that ships packages with moderate frequency to the same destination, the




15 field is read fromthe i maged

form40. The retrieved data is then

processed in step 414 using a field-specific recognition engine to verify

the information in the retri eved

field. As is known by those skilled. in
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appr Oplrﬂl ate ﬂﬁcﬁ&ﬁéﬁ"aﬂﬁ% Hﬁf'to a predetermined degree. If'the entry is determined to
* be valid in step 422, the decoding process completes.

If the entry, as evaluated in step 422 is not valid, processing flows to step 428
where the system retrieves similar entries from the appropriate database and then
transmits the record with the identified entries to a primary 14a or secondary keying

15 station i4b, depending upon the naturé of the unverified infonnaﬁop. Primary keying
stations 14a, as shown in FIG. 2 are co-located at package distribution facility 5,
while secondary keying stations 14b may be located anywhere that provides network
access to the package processing system 10. Data that must be decoded immediately
for creaﬁo_n of a routing label (e.g., source address 42, destination address 44, etc.) is
20 rouied to an on-site primary keying station 14a and data that is of secondary
importance (i.e., it is not utilized to create a routing label) is transmitted to an off-site
s;acondary keying station 14b. Primary keying stations for one facility may be
secondary keying stations for another facility. If the operator located at a keying

station 14 cannot decode the information, the package is removed from conveyor 27



transmts the record with the identified entries to a primary 14a or
secondary keying 15 station 14b, dependi ng upon the nature of the
unverified information. Primary keying stations 14a, as shown in FIG 2
are co-located at package distribution facility 5, while seconduly28@Yyi ng
stations 14b may be | ocated anywhere that provides network access to the
package processing system 10. Data that must be decoded i mediately for
creation of a routing |abel (e.g., L€ address 42, destination address
44, etc.) is 20 routed to an on- S|te nary keying station 14a and data
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cannot decode th o] g%{ Ve nveyor 27 7
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33 (FIG 2) ""Jtﬁé%?enfed lﬂllmrilg to trac%é){eﬂc%g%\&g?tﬁﬁ 8‘3‘%"?% transit

package. ?ét]&db %&e& d processed,
data from t he sur ace)ég?ﬂagg%%ggmﬁ I's usegpﬁgo%g%gusﬁra%ﬂe@an en?ry of
packagf rec%ﬁlﬁ&mﬂﬁ% tidek tH¥afs BF an in-transit package. As previously

 discussed, when package 25 is imaged and processed, data from the surface of

package 25 is used to populate an entry of package record database 37. Oncea
package record database entry is created, a user will have read-only access to package
routing information contained in the package record database 37, for the purpose of
15 tracking the progress of package 25 from source to destination. Since a user
accessing alias server 33 normally will not know the record identifier for the newly
created package record database entry, alias server 33 provides the capability to locate
package 25 using any information retrieved from the surface of package 25. For
example, a shipper may retrieve specific package routing information from alias
20 server 33 by simply entering the source address 42, destination address 44, airbill
number 46a, or a combination thereof. While it may not be possible to isolate a
| specific package based solely on the source address 42 or destination address 44, alias
server 33 nonetheless provides the capability to identify a collection of packages that

saﬁsfy the entered criteria.




package record database entry is created, a user will have read-only access
to package routing information contained in the package record dat abase
37, for the purpose of 15 tracking the progress of package 25 from source
to destination. Since a user accessing alias server 33 nornal | July E00Sot
know the record identifier for the newy created package record dat abase
entry, alias server 33 provides the capability to | ocate package 25 using
any information retrieved fromthe surface of package 25. For exanple, a
shi pper may retrieve specific packageépbuting information fromalias 20
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10 line for communications with network 29. Mass storage device 540 of user terminal

28 maintains an Internet browser 560 for directing CPU 530 to perform various
functions related to retrieving and viewing WEB pages stored on the Internet.
- FIG. 13 is a diagrammatic representation of an alias server 33 in accordance
with the present invention. As shown in FIG. 13, alias server 33 is comprised of a
15 main memory 600, a display device 610, input device 620, a mass storage device
640, a CPU 630 and an internal or external modem 650. As further shown in FIG. 13,
the mass storage device 640 maintains package tracking database 660. Once a
package record database entry is created, information is extracted out of the entry and
copied to a companion record in the package tracking database 660 for access by a
20 user accessing alias server 33. The tracking record database 660 is comprised of
information on in-transit packages 25 and is available online througha series of
interconnected WEB pages. Once a user accesses the home page of package
processing system10 home page, he/she will be able to access all of the package

tracking information associated with the home page. Individual pages are generally




functions related to retrieving and viewi ng WEB pages stored on the
Internet. FIG 13 is a diagrammatic representation of an alias server 33 in
accordance wth the present invention. As shown in FIG 13, alias server
33 is conprised of a - 15 main nenory 600, a display device 610, 7 iulpados

devi ce 620, a nmass storage device 640, a CPU 630 and an internal or
external nodem 650. As further shown in FIG 13, the mass storage device
640 mai ntai ns package tracki ng dat abase 660. Once a package record

dat abase entryis created, information-46s extracted out of the entry and
copied to a conpanion record in the package tracking database 660 for
access by a 2 iygsformf Bypar-Text Marlap Languoge (HENML) mages a6f08%%i ng record dat abase
660 is conprised of  information on in-transit packages 25 and is avail able
onli ne t hr ouRgAMnicationdigk tora WER, brapess Abfbenesting s tpugwias veerfeminal yser accesses
t he hone pagzggs_of package processing systenilO hone page, he/she will be
able to acc all of the package tracking information associated with the
home page. |ndividual pages are generally 7 July 2005 -26 sent in the form
of Hyper- Text MaFKd:d4shows asuwlesermg gnd desyination dabelder ilustretignafihe 8%t i on 1ink to
a WEB browser 560 operating on a requesting user termnal 28 FIG 14
shows @ sanpfiflexisgnyip accardance with # prafered embegdigent &y thissimpifisdfieldsn of the use 5
of lexicons in accordance with a preferred enbodinment. In this sinplified
field- procdbeessipessampl dereppdires Igricons. (Fhiedexicons asgbised oppigregtde¥rb ons are based
on: street |level _ address 700, account-specific information 710, .pre-print
ai rbi || nunisdfress 80, agqeppirsasoitic inforaation 718, prorprint aisbil pbist 729, IPRET 3) | reci pi ent
information 44 (shown in FIG_3), and shipper-recipient history 730. As
previously ﬁ%m@&?ne%@ﬁsm%wlﬁ%@%@mﬁm¥w@°%m&%5 the form 40

i nmge and decoded nmchj ne readabl e code 46a fr the form
g shipper-recipient history 7?0. As previously stated, when ggﬂi processing system 66

i0 receives the form 40 image and decocied‘machine readable code 46a from the form
recognition system 64, it accesses lexicon database 36 to determine whether pre-print
airbill number 720 is associated with a shipper of moderate re-ship frequency. If it ié,
field processing system 66 determines whether a single, or smali number of source
addresses 42 are associated with the pre-printed airbill number 720. Ifa relatively

15 small number of addresses is associated with the airbill number 720, field processing
system 66 extracts the address from the pre-printed airbills database 72, Otherwise it
decodes the address using the appropriate recognition engine (O/ICR). Once the
source address 42 is decoded, field processing system again accesses lexicon database
36 to ascertain whether there is a high priority shipper-recipient history 730. In effect,

20 the field processing system 66 dételmines whether the shipper identified in the source

| address usually ships to the same address. If it does, the recognition engines work -

with the lexicon database to decode the destination address 44. Once the information
is decoded, the system updates the priorities in the lexicon database 36 to reflect the

previously processed form. In this way, the lexicons associated with lexicon database




recognition system64, it accesses |exicon database 36 to determ ne whet her
pre-print airbill nunber 720 is associated with a shipper of noderate
re-ship frequency. If it is, field processing system 66 determ nes whet her
a single, or small nunber of source addresses 42 are associ at edJuly 2003 he
pre-printed airbill nunmber 720. If a relatively 15 small nunber of
addresses is associated with the airbill nunber 720, field processing
system 66 extracts the address fromthe pre-printed airbills database 72.

O herwise it decodes the addr ess usi r?é t he approprl ate recognition engine
(JICR. Once t addre s 42 i s decoded | d processing system
agai n access Eeé’kt#‘?: e @@a?kégeé’é%éftst“& HYWth“ﬁéF’hIPR‘Fé?e is a high

priority shi r- ent |sto 730, effe 20 the field processing
system 66 d ?‘“’B‘?‘ 25"“59{‘?%?%@ “‘éﬂ?"ﬁ’ﬁw @&&‘ﬁf’ﬁ?"é‘iﬁmf’ﬂnﬁ%"%%r ce address

usual Iy ships .t sanme, addr ess the recoqgni tion engi nes work
with the Iexﬁ“@@ﬁ“%gt‘ spelwlﬂ’é’ﬂ d@h[’ %‘Sg‘% ﬁ%ﬂ‘l?l’ﬁwegﬂ‘ﬂ‘l%g B¥  Once the
information is decode t he s ste tes the r or]t:l in the | exicon
dat abase 36 1 HPPEM Se‘i?é° %P&d'% Ot Eclen 'Ja’t‘sn‘f h| s way, the

| exi co ass C|ated wth,.le dat.a Jul 2005 27 36 reflect the
shi pper* s | & ‘E‘ﬁ?ﬁ’ﬂ%aﬁf ts?é?c“ﬁ% %@s@%ﬁﬁ?j‘ ltsr"ﬁ'&ktﬁi’gh%i %hi pper"

behavi t b I [ t

comi nat i on aosymt*ﬁ% R bl BR3P B8] aced on ¢ he
shi pper-reC| ent XJ CO St nds to a Iarge nunber of
di fferent z’e{wﬁﬂn@e‘l‘{s Hﬁﬁ?@%ﬁﬁt&%ﬁ YT ect s t he
order in mhlch th i f.f exic e.a specific field
or record set™® uﬁﬁ'ﬁﬁq%ﬁ?t gﬁtﬂé“ﬂ P’ngeﬁﬂ’?\%rm%‘?‘fgg?eﬁ%‘g&gd by usi ng

rel ati onshi ps_between ftl otlis g a-fi I at i ongﬂbﬁ él f such exi st
as part of f‘%“?ﬂ RSBIRS s i gpie %@Fé’é‘?? Sy gﬁerl?@rt TE® data. As
previ glﬁsly ntjoned such rel ationships are identified at the tine of
form efrol | FERTORRE S e part of the |exicon

There may also be cases where third-party verification of record information is

‘needed before the package is delivered. This would apply to billing-related fields
such as account numbers and/or credit card information. That is, once a package is
processed by the pattern recognition system 62 and the machine readable code 46a is
15 decoded, the package processing system 10 can attempt to secure
authorization/verification of the billing method as a pre-condition to issuing a routing
label. Furthermore, there may be cases where the building of the record requires
' additional information, not already on the form. This would apply to any record
‘whose content needs to be verified to ensure supplied information meets the
20 requitements of the application objective. An example would be verification that a
package containing dangerous goods is properly safeguarded and packaged.
As shown in FIG. 1, the package 25 continues traveling along conveyor 27, it
next encounters labeling station 18 where an operator scans the machine readable

symbol 46a to recall package record database 37 associated with the imaged form. In




10 sel ection process. There may al so be cases where third-party
verification of record information is needed before the package is
delivered. This would apply to billing-related fields such as account
nunbers and/or credit card information. That is, once a package’ idy 2005
processed by the pattern recognition system 62 and the nachi ne readabl e
code 46a is 15 decoded, the package processing system 10 can attenpt to
secure authorization/verification of the billing nmethod as a pre-condition

to issuing a routi ng Iabel Further 8e, there may be cases where the
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to 5 generate a out| ng an exception generated. After being

| abel ed with, B gﬂl@éd an exception
handl i ng st at%ﬁ 16ﬁ§01ce%%1{11 ng%éﬁpig correct e(ﬁwﬂ&g%&ggkage record
database 37 eﬁorsaow%d%aqmgmeﬂsa,gucﬁmu clatPiln ifiofd G531 00 and

printed using an appropriate I nter )
10 human operators located at package loading station 20 to properly route the forms

with their corresponding packages to the proper location, and track its progress.
Throughout the process, from the placement of the packages on the conveyor.
30 to arrival of package 25 at labeling station 18, package processing system 10
repeatedly monitors the progress of the packages and utilizes exception handling
15 station 16 to correct anomalies, as they arise. Exception handling station 16 is
actually a combination of three other key components (secondary imageﬂpapture,
primary keying 14a, and labeling station 18). For these purposes, exceptions include
situations where the form (airbill) image is not conclusively found, an un-enrolled
form is identified, the OCR or ICR sofiware fails to decode a character field with high
20 confidence, or data decoded with high confidence is inconsistent (for example, an
address that (ioesn’t exist). Whenever an exception is identified, a human operator is
notified to provide manmual processing, an exception record is created, or both.
From the foregoing description, it will be appreciated that the present

invention provides an efficient system and method for reading package information.




printer (not shown). The routing |abel is applied to the package and then
utilized by 10 hunman operators | ocated at package | oading station 20 to
properly route the forms wth their correspondi ng packages to the proper

| ocation, and track its progress. Throughout the process, fron7idg2005

pl acenent of the packages on the conveyor 30 to arrival of package 25 at

| abel i ng station 18, package processing system 10 repeatedly nonitors the
"progress of the packages and utilizes exception handling 15 station 16 to
correct anomalies, as they arise. Excéstion handling station 16 is actually
a conbi nation of three other key conponents (secondary image capture,
primary Keyi b Prossat inygpiion hesdes begin esiptiomtp pantighlarembadiments Weidke s,

exceptions inc|ud ,sh}uations where the form(airbill) image is not

concl usi vel ya‘FB‘Eﬁ‘?g‘?d”é Terpeetifode tlivgatiyeyather than redripive. | Thgse skifled iocr or | CR
software fails to,decode a character field with high 20 confidence, or data
decoded wi t hhgWillapRresiafe Hiabmany difisrenfcembingiops pfhardwase avilbbesuitable  addr ess t hat
doesn't exisi). \Wenever an, exception is identifjed, a human operator is
notified to I9FPTHGRE theptesent iventes Jvisny commersialinaypilable splstitsios e creat ed, or

both. Fromthe, foregqing description, it will be appreciated that the
present® i nVIERIPE 8 \}ﬁ%%“t%ﬁ?taééi’? Peaice dumetenstics, erifldr sl of B8 r eadi ng

package i nformation. 7_%}4I 2005 -29 The present invention has been
descri bed i reOP@PER}s Gpsext ﬁé??icular enmbodi nents which are intended in al
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' 10 devices, like bard disks, floppy disks, or CD-ROMs; a carrier wave from the Internet;

or other forms of RAM or ROM. | Similarly, the method of the present invention may
_conveniently be implemented in program
modules that are based upon the flow charts in FIGs. 10 and 11 . No particular
Programming
15 Ianguage has been indicated for carrying out the various procedures described above
because it is considered that the operations, steps and procedures described above and
illustrated in the
accompanying drawings are sufficiently disclosed to permit one of ordinary skill in
the art to
20 practice the instant invention. Moreover, there are many computers and operating
systems
which may be used .in practicing the instant invention and therefore no detailed

computer




menory, one skilled in the art will appreciate that these aspects can al so
be stored on or read fromother types of conputer-readable nedia, such as
secondary storage 10 devices, |ike hard disks, floppy disks, or CD-ROVs; a
carrier wave fromthe Internet; or other forms of RAM or ROM FHiulylaosy,

t he met hod of the present invention may conveniently be inplenmented in
program nodul es that are based upon the flow charts in FIGs. 10 and 11. No
particular progranm ng 15 | anguage has been indicated for carrying out the
vari ous procedures described above betfause it is considered that the

operations, steps a rocedures d ri bed. aboye and .illustrated in the
acconpanyi ngP’H?EW?] &%F‘E“‘gg?‘hcﬁ?@ﬁal%@a@ﬁ%ﬁ&%ﬁwﬁwb@ fF% one of ordinary
skill in the rtaéag 20 practice the instant invention. Moreover, there are
many conpute%’ i %erating systens which nay be used in practicing the

pr ogr am coul B8 SBRBUH SEPHT S CRAPE ob e FpF TR e R o any di {1 er ent
systens. Each r..of articular conputer will be aware of the | anguage
and tool s \Ah'i‘sgﬁ'féftggt eg’fgeeﬂss"@ﬁa?m?%?‘ that user's needs and purposes. 5
Alternative enbodinents w ll beca apparent, to those,skilled in the art to
whi ch ?Le presengmpﬁagﬁFﬂ%ﬁuﬂﬁﬁfﬂﬁﬁ§”&Fﬁwgﬁw“ﬂ@ﬁ??@ﬁﬁ&nhpﬁﬂﬁ?ts spirit and
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Accordingly, the scope of the present invention is defined by the appended claims

rather than the foregoing description.




rather than the foregoing description. 7 July 2005 -31 Cains Wat is
claimed is: 1. Anethod of capturing and processing information from a
plurality of forns concurrently the nmethod conprising the steps of
capturing an inmage of a plurality of forns randomly positioned @dula260%i ng
conveyor belt and visible to an inmager, each one of said forns being
respectively associated with one of a plurality ofpackages; |ocating at

| east one of -said plurality of fornms_in said captured i nage, said at |east
one formconprising a plurality of3Imfornati on data fields: and decodi ng
at | east one of said plurality of ipformation data fields. 2. The method of
claim1, including the step of rep the | ocating and decodi ng steps
unti | evegxh&%&gLin §aid captured i mage has been processed. 3. The net hod
of claim 1) e %Fﬁdgaid image is conprised of a plurality of non-

[ I d f . 4. h f claim3 ' id ' [
shnaulated OrFE: 4o PRoT Rt il PofBup ERE R i a SRR B b 0,
wherein S%@@%ﬁ@%@ﬁ@%@gﬁ@%ﬁﬁeg%ﬁfw' sed of the steps of locating a

pr edet er m mage; 7 July 2005 -32 locating at

:c cast. gp§ f1 dughfie BRinfagk Bf & 3R BF S rahdRAG posifthada 3h o E&Re Peyor

belt and visible to an imager, each one of said forms being respectively associated with

one of a plurality of packages;

locating at least one of said plurality of forms in said captured image, said at least one
form comprising a plurality of information data fields; and

decoding at least one of said plurality of information data filds.

2. The method of claim 1, including the step of repeating the locating and decoding

steps until every form in said captured image has been processed.

3. The method of claim 1, wherein said image is comprised of a plurality of non-

singulated forms.

4. The method of claim 3, wherein said captured image is comprised of a plurality

of unjustified forms.

5. The method of claim 1, wherein said locating step is further comprised of the steps
of:

locating a predetermined pattern in said captured image;




mar k does not exceed a predeterm ned di stance from sai d predeterm ned
pattern; and determning a region of interest, said region of interest
circunscri bes an area including said predeterm ned pattern and said at

| east one fiduciary mark. 6. The nethod of claimb5, wherein sai@July2005
predeterm ned pattern is a nmachine readable code. 7. The nethod of claim
5, wherein said predeterm ned pattern is nuneric, alphanuneric, or

al phabetic text. 8. The nethod of clasm 5, wherein said predetern ned
pattern is a picture. 9. The nethod of claimb5, wherein said step of

| ocating a preddewting pcldasheane Bduiaiysmarkyin tshid captanesd inagedsant attleast etecfifciafy.
determning that a portion of said predetermned pattern is mssing from

- sai d capt ur 8ytk dogins excgertia prodetarmingd distanag foapidneelletenniged pattetn; @ | east one
prestored image to create a conplete predetermned pattern. 10. The nethod
of claimb5, wherdstermisigd rdgior pivnisiaty said eygionof finjerest eircunoxmiyes se drea ddchiding
steps: 7 July 2005 -33 deternmining that a portion of the region of

i nt erest i ss¥d predatymined pattem andsaid etieastionsifidagiery raaskl conbi ni ng sai d capt ur ed
image with at | east one prestored inmage to create a conplete region of
interest. 11. The nethod of claim1l, wherein said decoding step is

conprised.of the steps of neasuring a spatial relationship between at
| east one fi duc@-arylﬁﬁmﬂmﬁ]doﬁdmm , wherein said predetermined pattern is a machine

readable code.

7. The method of claim 5, wherein said predetermined pattern is numeric,

alphanumeric, or alphabetic text.
8. - Themethod of claim 5, wherein said predetermined pattern is a picture.

9. The method of claim 5, wherein said step of locating a predetermined pattern is
| further comprised of the steps of:
determining that a portion of said predetermined pattern is missing from said captured
image; and
combining said captured image with at least one prestored image to create a complete

predetermined pattern.

.10. The method of claim 5, wherein said determining step is further comprised

of the steps:




predeterm ned pattern, said spatial relationship identifying a |ocation and
format of at |l east one of said plurality of infornmation data fields

| ocated on said form and decoding at |east one of said plurality of
information data fields. 12. The nmethod of claim 11, wherein thé&JdgQodsng
step is conprised of the followng steps: identifying a originating source
associated with said form extracting information fromat |east one of said
information data fields; decoding saig3extracted information using a
recognition engine, wherein said recognition engine is determ ned by the

| ocation and f or dettrngifiing dhad ai prirgeref ihenregiat affintetest; is noissipa fiomgsakhicaptuted oded
information with a database entry of package information associated with
sai d ori gi namage) asdur ce; and repl aci ng sai d decoded i nformation with said
package information, provided a predetermned criteria is met. 7 July 2005
-34 13. The syst esmlghingkaid maph@red fnagelveth at baagtrone pregtoodd itnhge tetesateaf complete
re-ordering said package information database, provided a predeterm ned
criteria is mgonofiiterdst.conput er system for capturing and processing
information froma plurality of fornms traveling on a conveyor belt,
concurrently, conprising: a nenory having programinstructions; and a
processor configured to use the programinstructions to capture an i mge of
said plurality 0f fBhemethedohclome 1oWheraindsaidodaseding stayg issswyrisat efithwistehs one
of a plurality of packages respectively, to |ocate at |east one of said
plurality off:forms in said captured i mage, wherein said at |east one form
conprises a plurality of information data fields, and to decode the

i nfformati on on measering al epeéinl oeletiambhipabetwpéruradlleasy @k fidnaimy mark and a

predetermined pattem, said spatial relationship identifying a location and fonmat of at least
one of said plurality of information data fields located on said form; and

decoding at least one of said plurality of information data fields.

12, The method of claim 11, wherein the decoding step is comprised of the

following steps:

identifying a originating sourée associated with said form;

extracting information from at least one of said information data fields;

decoding said extracted information using a recognition engine, wherein said
recognition engine is determined by the location and format of said information data field;

comparing said decoded information with a database entry of package information
associated with said originating source; and

replacing said decoded information with said package information, provided a

predetermined criteria is met.




15. The conputer system according to claim 14, wherein the processor is
further configured to repeat the | ocating and decoding instructions until
every formin said captured inmge has been processed. 16. The conputer
system according to claim 14, wherein the |ocating instruction 7duly209% her
conprised of the followi ng instructions: |ocate a predeterm ned pattern in
said captured image; locate at |east one fiduciary mark in said captured

i mage, wherein said at |east one fid@¢iary mark does not exceed a
predeterm ned di stance fromsaid predeterm ned pattern; and determ ne a
regi on of interddt, Thissydem obdaio W2efirtber compiisingefdh step of coromlenirigreil package ea
i'ncluding said predeterm ned pattern and said at |east one fiduciary mark.
7 July 200s5nfongationatatpse, preyigsdagredsipanived ateriansiingty t o cl ai m 14, wherein the
| ocating a predeternmined pattern instruction is further conprised of the
followi ng instructions: determine that a portion of said predeterm ned
pattern is mssing fromsaid captured image; and conbine the captured
image with at | dédst Adsempresysendor eppyang andpreessing infipnation frgm adiurdityriofied
pattern. 18, The conputer system according to claim 16, wherein the

det er mi ni nglommsEavelingangeoneeyer helt roncustsnily, cemprisifie: t he f ol | owi ng
instructions: determine that a portion of the region of interest is missing
fromsaid capturaéaemqmgymgmmwwﬁm@m;md captured inage with at | east one
prestored image to create conplete region of interest. 19. The conputer
syst em accor di ng Brecessoscanfigared eseithe prograge skiatigns teseaptvee awrimage of said

plurality of forms, each one of said forms being associated with one of a plurality of packages
respectively, to locate at least one of said plurality of forms in said captured image, wherein said
at least one form comprises a plurality of information data fields, and to decode the information

on said at least one of said plurality of forms.

15.  The computer system according to claim 14, wherein the processor is further
configured to repeat the locating and decoding instructions until every form in said captured

image has been processed.

16.  The computer system according to claim 14, wherein the locating instruction is
- further comprised of the following instructions:
~ locate a predetermined pattern in said captured image;
locafe at least one fiduciary mark in said captured image, wherein said at least one
fiduciary mark does not exceed a predetermined distance from said predetermined pattern; and
.detennine a region of interest, wherein said region of interest circumscribes an area

including said predetermined pattern and said at least one fiduciary mark.




is further conprised of the follow ng instructions: neasure a spati al
relati onship between at | east one fiduciary mark and a predeterm ned
pattern, said spatial relationship identifying a |ocation and format of at
| east - one of said plurality of information data fields |ocated’ly2805d
form and decode at |east one of said plurality of information data fields.
20. The conputer system according to claim 19, wherein the decoding
instruction is further conprised of 3he follow ng instructions: identify a
originating source associated with said form 7 July 2005 -36 extract
information froniZt | edbt computef syeer dcndrdingatoi dainddia wWhesdidshe dteatige asai d
extracted informati on using a recognition engine, wherein said recognition
engi ne i s deredetaimine] peftemhastiucticatis dmthemmnipoisedenf thef folerviglg insfractions:i on dat a
field; conpare said decoded information with a database entry of package
Jinformation asdisterminedbatiatportiosaif §aid pregetemeinedypatisur is enissmgifrons shid capturid d
decoded informati on with said package information, provided a

predet er mi ngBRgSrdderia is nmet. 21. The systemof claim 20, further
conprising of the instruction to reorder said database entry of package
~information, préonbiag the pindered ansgenwith ¢f jeasirang rirestored image, to/Creais campletor -
capturing and processing information froma plurality of forns

concur r ent | Hredeemined@ai@nbei ng randonl y positioned on a noving conveyor
belt and visible, said systemconprising: neans for capturing an inmge of
said plurality of forms,each one of said forns being respectively

associated with each of a plurality of packages; ) .
The computer system according to claim 16, wherein the determining

instruction is further comprised of the following instructions:

determine that a portion of the region of interest is missing from said captured image;
and

combine the captured image with at least one prestored image to create complete

region of interest.

19.  The computer system abcording to claim 14, wherein the decoding instruction
is further comprised of the following instructions:

measure a spatial relationship between at least one fiduciary mark and a
predetermined pattern, said spaﬁal relationship identifying a location and format of at least
one of said plurality of information data fields located on said form; and

decode at least one of said plurality of information data fields.

20.  The computer system according to claim 19, wherein the decoding instruction
is further comprised of the following instructions:

identify a originating source associated with said form;




means for locating at |east one of said plurality of forns in said captured
i mge, wherein said at | east one formis conprised of a plurality of
information data fields; and neans for decoding the information on said at
| east one of said plurality of fornms. 7 July 2005 -37 23. The #yaly@f0bf
claim 22, including means for executing the nmeans for |ocating and the
nmeans for decoding until every formin said captured i nage has been
processed. 24. The system of claim 2236-wherein the neans for locating is
finther conprised of: means for locating a predeterm ned pattern in said

- captured inmage; exgragtdnfoomationdin atdeat oneadstidomforrhatouciharfieldspr k i n sai d
captured image, said at |least one fiduciary mark does not exceed a
predet er mi ned didstedec saiflr extrastid dinforedtorerusinged pabgEtion cagole, vdmresn fsaid
determining a region of interest, said region of interest circunscribes an
area i ncl uticognitton ehgimeésidatemined byt thedotation aahfbripati of said infeastiondata fickdyci ar y
mar k. 25. The system of claim 24, wherein the neans for locating is fiuther
conprised of. reempsarefsaid desvdedrinfomytiom atithaa platabaserentf of apadkqpe ddfmationned
pattern is mssing fromsaid captured inage; and neans for conbining said
‘capt ur ed i nasgeeiaiid witlytsaid esginatingsopreesandr ed i mage to create a conplete
predeterm ned pattern. 26. The system of claim 24, wherein the neans for

. determining is feplachesaid alepeded ethforgfatione amish fsard gatkageri infongatidmat pravigat ta on
of the region of interest is mssing fromsaid captured inmage, and neans
f or conbi niprefetaaminedaptamadsimetrage With at | east one prestored inage to
create a conplete region of interest. 27. The system of claim 22, wherein
the neans for decoding is further

21.  The system of claim 20, further comprising of the instruction to reorder said

database entry of package information, prdvided a predetermined criteria is met.

22. A system for capturing and processing information from a plurality of forms
concurrently, said forms being randomly positioned on a moving conveyor belt and visible,
said system comprising:

means for capturing an image of said plurality of forms,each one of said

forms being respectively associated with each of a plurality of

packages;

means for locating at least one of said plurality of forms in said captured image,
wherein said at least one form is comprised of a plurality of information data fields; and

means for decoding the information on said at least one of said plurality of forms.




conprised of 7 July 2005 -38 neans for nmeasuring a spatial relationship
bet ween at | east one fiduciary mark and a predeterm ned pattern, said
spatial relationship identifying a location and format of at |east one of
said plurality of information data fields |ocated on said fornyJdnd0®eans
for decoding at | east one of said plurality of information data fields.
28. The system of claim 27, wherein the neans for decoding is further
conprised of nmeans for identifying am7rigi nati ng source associated with
said form neans for extracting information fromat |east one of said
~information data3. fiBiedgstermebelsm23r indedioglinagms faietecating the tneghs iforflauating andn
using a recognition engine, wherein said recognition engine is determ ned
by the | ocahée mwaraifict dedodingamtilef-erg forch in sdid capatrédimagietiaa béenglrekesspdans f or
conparing said decoded information with a database entry of package
information associated with said originating source; and means for
repl aci ng sai d decoded information with said package information, provided
a predet er m ned2¢r i tBieisystdng ofvdim 22, $hdrsin 6 dteans-f3dlo@eing Fifetteystngmised ofc| ai m
28, further conprising of means for re-ordering said package information
dat abase, pr ovi teghsdorjodtieg epradaterchined ipateer ia said cappared image;

means for locating at least one fiduciary mark in said captured image, said at least one

fiduciary mark does not exceed a predetermined distance from said predetermined pattern; and
means for determining a region of interest, said region of interest circumscribes an area

including said predetermined pattern and said at least one fiduciary mark.

25.  The system of claim 24, wherein the means for locating is further comprised of:

means for determining that a portion of said predetermined pattern is missihg from said
captured image; and

means for combining said captured image with at least one prestored image to create a

complete predetermined pattemn.

26. | The system of claim 24, wherein the means for determining is further comprised
of:
means for determining t‘t_lat a portion of the region of interest is missing
from said captured image; and
means for combining said captured Image with at least one prestored image

to create a complete region of interest.

~ 27.  The system of claim 22, wherein the means for decoding is further

comprised of:




30. A nethod of capturing and processing information froma plurality of
forms concurrently, said forns being visible to an i nager and associ at ed
with a plurality of packages that are randonmly positioned on a noving
conveyor belt, the nethod conprising: capturing an i nage of saidlgyapaiity
of packages and the associated forns; |ocating at |east one of said
plurality of forns in said captured inage, said at |l east one form
conprised of a plurality of information data fields; and decodi ng at | east
one of said plurality of information d&ta fields. 31. The nethod of claim
30, further including: repeating the |ocating and decoding steps until
every formin sa¢ads Eapasswing snpgtal helatidpelen bpimseestsleast Gk fiducivey hod of
capturing and proce55| ng information froma plurality of formes associ ated

Wi th packagesk awraquedetamingd peten,rssidispatiat wigiondimigentifping ailoggtion | mage of a
plurality of ckages that are randomy positioned on a noving conveyor
belt; | ocamld]g)rmﬂt o at Wag gpe of sadd ploradjty eftinfosmstionatata fidddshocased espondi ng t o
one of the plurality of packages, the at |east one formconprised of a
plurality efidformoanditi on data fields; and decoding at |east one of said

plurality of information data fields.
means for decoding at least one of said plurality of information data

fields.

28.  The system of claim 27, wherein the means for decoding is further
comprised of:

means for identifying an originating source associated with said form;

means for extracting information from at least one of said information data
fields;

means for decoding said exfracted information using a recognition

- engine, wherein said recognition engine is determined by the location and

format of said information data field;

means for comparing said decoded information with a database entry of
package information associated with said originating source; and

means for replacing said decoded information with said package

information, provided a predetermined criteria is met.
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29.  'The system of claim 28, further comprising of means for re-ordering said package

information database, provided a predetermined criteria is met.

30. A method of capturing and processing information from a plurality of forms
concurrently, said forms being visible to an imager and associated with a plurality of packages

that are randomly positioned on a moving conveyor belt, the method comprising:

capturing an image of said plurality of packages and the associated forms;
locating at least one of said plurality of forms in said captured image, said at least
one form comprised of a plurality of information data fields; and

* decoding at least one of said plurality of information data fields.

31. The method of claim 30, further including: repeating the locating and decoding

steps until every form in said captured image has been processed.

32. A method of captring and processing information from a plurality of forms associated
with packages concurrently, the method comprising:capturing an image of a plurality of packages
that are randomly positioned on a moving convéyor belt;

locating in said captured image at least one form corresponding to one of the
plurality of packages, the at least one form comprised of a plurality of information data fields;
and
| decoding at least one of said plurality of information data fields.




