WO 2009/070696PCT/US2008/084897 ENROLLMENT APPARATUS, SYSTEM, AND METHOD
13ACKGROUND In industries such as the postal, courier, and supply chain industries, package
objects (e.g. letters or parcels) are enrolled into a system for tracking and/or delivery. For example,
items present®d #P1BW8ffices and related locations for onward delivery et H&8t##e"the counter
staff and/or customers to manually enter data regarding address information, weight, dimensional
information, and 10other shipment characteristics. The manual collection of this information is costly,
in terms of time, error rates on manual data entry, plus errors in correctly rating items. Retail locations
are also typically required to maintayig%sﬁace for both the scale and the meterin% devices. Some postal
[

authorities mandate the CW%*" ibrielf ?ﬁ%ﬁ%&%ﬁ!@%m@ﬁ%ﬁ@m lf}ted across post office

counters. It is now a common requirement that dimensions, destination, and sender information be
captured. Complexity is increasing while the ahilit ﬁi&, intain a well trained counter staff is declining.
Increasing use of franchise points of presence” é‘%{ % pliance, training, accounting, and
security problems. 20For example, a customer may bring a package to a post office point of sale. A

postal emplqgyee will receive the package,.gather information.rel; R 59 gg\,g intended
destination,ogackage di%é%%?gﬁsgggﬁiasgg% ?gﬁfﬁ tf%@%%%iivﬁﬁ%&%ﬁe% d%cltlv%er’? dategf’écustomer
information, paymigattinfosnatiors etairdelsyic ansitisdtiotesa systeridpmiatiins adRered manually, and

in a highly linear and 291abgr IIeR3Ive JAshitReel SEURRIeHiB:a.DIRIEALT ASeHoRa postal

employee might receive a package, weigh it, measure its dimensions with a tape measure, enter this

infoiwafion into aCBaHHS el VeER BUE AN K B R SRRENE, SR GRS AT ESIYA Ration found on

this label, query the.cusiorags-apouiddesiaddalierny, ypgianddateioaaterfthisdnéaymation into a

computer, provide pricing information to the 3Qcustomer, accept payment, etc.. .Improvement in
enroliment &fficietHk égmﬂ’%%‘f}?a’@@ﬁﬁgfﬁﬁtiﬁ%?ﬁ%@i ﬁ‘ﬁ%? té%?% & Iln%)rmatzo s

 Ta0r 20%? Sivor tosts, and
time. in terms of time, error rates on manual data entry, plus errors in correctly rating

items. Retail locations are also typically required to maintain space for both the
scale and the metering devices.
Some postal authorities mandate the capture of additional information for

15  items being accepted across post office counters, It is now a common requirement
that dimensions, destination, and sender information be captured, Complexity is
increasing while the ability to maintain a well trained counter staff is declining,
Increasing use of franchise points of presence is causing compliance, {raining,
accounting, and security problems.

20 For example, a customer may bring a package to 2 post office point of sale,
A postal employee will receive the package, gather information related to the
package (e.g. intended destination, package dimensions, package weight, type of
delivery, desired delive.ry date, customer information, payment information etc.). In
typical situations, the information is gathered manually, and in a highty linear and

2%  labor intensive fashion. For example, in a typical transaction, a postal employee
might receive a pack:age.,' weigh it, measure its dimensions with a tape measure, enter
this information into a computer, read a label on the package, enter delivery address
information found on this label, query the customer about desired delivery type and
date, enter this information into a computer, provide pricing information to the

30  customer, accept payment, etc.

Improvement in enrollment efficiency could provide substantial savings in,

for example, labor costs, error costs, and time.
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WO 2009/070696PCT/US2008/084897 SUMMARY The inventors have realized that enroliment
efficiency can be increased by 5automatically, and substantially simultaneously collecting multiple
types of inf %m%@@t an item being enrolled in a delivery system. pCIMUSp@&e8LT, an
enrollment device is disclosed which will replace both the traditional weigh scale, as well as the
postage meter, which are currently found at induction points for Postal, Courier and Supply Chain
operations. A combination 100f Optical Character Recognition (OCR) and dimension capture (e.qg.
using optical dimension capture and/or ultrasonic range-finding technologies) is used to capture and
convert addressing, payment, account and shi d data, plus weight and dimensional
information (when relevant) from packages, letters, and documentation which are placed on, in, or
near the device. 15Such a device provides a "front end" mechanism for entering shipment related data

into a business enviro en%%t%%rls Rostal.enviFRMEn R, siTRHans Lisly Stpeanies the rating andl

data collection proces S acee ng goods and services, automates the processfof capturing

dimensionalsdatadmﬁ-’mﬁ'c:aﬁur%d)fMw@i@ﬂﬁ%ﬁf%@%ﬁ%ﬁﬁﬂﬁ&wiﬂf’o“fﬁ%s Blisiness environment,

redupes or 209”1@{43%% u}Hgﬁ&ﬂ%}_{‘?{é}ﬁ%{ﬂé s e \a&ig&ﬁ@?éegrmeduce_s or eliminates the
requirement for a separate metering device, and_presents data o @%or rr‘éz?até%’fllfétl??rﬁek'e”d and
enterprise systems at poieERRIGATFATO G GHY ISR HelE A Bpparatus for enrolling a package is
disclosed includiggi'igol;%ggjgigg ﬂ[@g@@nr@@mw@emmmmtmﬁm t&ensor in

25communication with the receiving surface which generates a weight signal ipgigative:0f the weight o
the package; at ﬁ@é’%@%ﬁ’é’%&@cﬁﬁ”a?% %ﬂWg@%egrg gelg avi Ié(é)%g‘eigrll%rall Indicative of an jmage of the

package on ghe rgesivies shiface: Recogiitiond Kb aHmRIsiatar Wi B SPERIBhe weight

sensor and the at least one video camera. The saphincludesi weighisetdwgwnich produces,
in 30 response tglmwwgi?}v%ﬁ%? S(%ltlgo I|rfri1(?l(%((g:ativc=f of the wé%ht of the package; and a

dimension captuegdniethie wddehsprodusesnh ¢@§p@h§@t@iﬁ€‘%€%&§?§ﬁi§??tﬁ &N§i5R data indicative
of the size of the package, I some IRRCIMRAR M YVAAYRBIRZA0 SRR THAIS2008/084307

documentation which are placed on, in, or near the device.

i5 Such a device provides a “front end” mechanism for entering shipment
related data into a business environment (e. . postal environment) and )
simultaneously automates the rating and data collection process for accepting goods
and services, automates the process of capturing dimensional data in the course of
rating shipments at point of induction into the business envigopmgnt, 1'edUG§s or
20  eliminates the requiremeﬁt for a separate weigh scale, reduces or eliminates the
requirement for a separate metering device, and presents data to the organization’s
back-end and enterprise systems at point of induction. .
In one aspect, an apparatus for enrolling a package is disclosed including: 8
receiving surface for receiving the package; at least one weight sensor in
75 copmmunication with the receiving surface which generates a weight signal
indicative of the weight of the package; at least one video camera which generates a
video signal indiéaﬁve of an image of the package on the receiving surface; and a
processor in communication with the at least one weight sensor and the at least one
video camera. The processor includes: a weight module which produces, in
30  response to the weight si gnal, weight data indicative of the weight of the package;
and a dimension capture module which produces, in response to the video signal,

dimension data indicative of the size of the package. In some embodiments, the



processor further includes a recognition module which produces, in response to the video signal,
character data indicative of one or more characters present on the package. Some embodiments

include a range %9[350%%13” in communication with the 5processor whichyrodugesadange finder
0 j

signal indicative of the size of the package, and where the dimension capture module produces, in
response to the video signal and the range finder signal, dimension data indicative of the size of the
package. In some embodiments, the dimension capture module produces, in response to the video

signal, dimensiop, daja, ey 0L e 5128 phie: AAGKAGS AIOAG:HG:AX 3R ARG ipfplanc

substantially parallel to the receiving surface, and produces, in résponse to the range finder signal,
dimension data iridreatigeabioliraastsedsta i {sAEKa §E MO NG S B SRIRSENPHEDlane. In
some embodim JAhe dimension capture module includes a tracking module which produces, in

response to the video signal, tracking data 'ngfiigative ogiél the presence and Jocation. of the package on
the receiving surface. IS ﬁ?ﬁBﬁWﬁé‘?ﬁ@ SR }l‘%ﬁ%eg%\%&éc’%%lﬁ ey %B‘Jét%a &5 in a first

mode charagteri;gﬁ@yoami&ﬁqﬁbdlaf@&ﬁgﬁig’e:(ﬂndmi@x@énémﬂéva vidieossigoédkicherdesnized by a
relatively low resolytion and relatively high frame,rate, and a s fjoetﬁ g{@e%tg{' ed by a
relatively small f%}g %%?ﬁ%&geté? ﬁneerﬁléir%/l & %vﬁe%o%%i n%({]%ﬁ?gfrf}:%% goégggby a%:]elativelfl/é’%1 high resolution
and a relatively lend frammgaténder some, dinbosienalate indic stk dhmdguid froprfkegsidtesponse to

By 06 A deRskrascameraiid duf Helumeds, fagking daig indicative of the
p

the video signal 9&”8{%?8'
jia] s . ;
presence and location of the package on the receiving surface. The recognition module produces, in

response to the video simabidgesesisrdesimicaive abihe iz of S snshashe Qe BRI Sde, character

data indicatjye of QRe;RL R ChAVARIAIE RreaEN O MY1eRATKASEface, IhGproguessliadiments, the
dimension capture module includes an edge finder module whi h%%riodu %S in re§ onse to the video
! ERAGE

signal, edge datdSFRaRRHOChS TSR S S Ond B i sRJRE BiRE n some

embodiments, the,dimension sariusermeodte indugemane or more of: a frame differencing module

which generates diferepee images o e o ore mags, o1 Y15 SRR colr masking

module which produces, in response to the video signal, tracking data mdicative of
15  the presence and location of the package on the receiving surface, |

In some embodiments, the at least one camera selectively operates in a first
mode characterized by a relatively large field of view to generate a video signal
characterized by a relatively low resolution and relatively high frame rate, and a
second mode characterized by a relatively small field of view to generate a video

20 signal char&bterized by a relatively high resolution and a relatively low frame rate.
In some embodiments, the tracking module produces, in response to the video signal
generated by the at least one camera in the first mode, tracking data indicative of the
presence and location of the package on the receiving surface. The recognition
module produces, in response to the video signal generated by the at least one

75 camera in the second mode, character data indicative of one or more characters
present on the package.

In some embodiments, the dimension capture module includes an edge finder
module which produces, in response to the video signal, edge data indicative of the
location of one or more edges on the package.

30 In some embodiments, the dimension capture module inchudes one or more
of a frame differencing module which generates difference images from two or

more images of the video signal; and a color masking module configured to generate



WO 2009/070696PCT/US2008/084897 information indicative of the presence or location of e package
based on color information from the video signal. In some embodiments, the dimension capture
module includes a Hough transformation module which applies the Houg ion to one or
more 5imagé§9r%)ﬁ?/%%%/?deo signal, and analyzes the transformed imaggé ﬁﬂgé%%%%qinformation
indicative of the size or location of edges on the package. Some embodiments further include a
rectangle tracking module configured to track the location of a substantially rectangular package based

on the informatin,ndicative of e, size ot acation of edaes 971G RRekPAS QIn seipe embociments.
the recognition MYAUIE MAILGEs! an mage processing module Torprocessing one or more images from

the video signal;iaftrautiom flysishmodedesigirith analyzes the one or more processed images to
produce the character data indicalive,of one,eumare;sharaaiRIHBRsEN-ALE RAgkRYe. In some

embodiments, the image processing module includes at least one of: 15a color manipulating module

for modifying thetzesfprotatien sredplewbichingabessthy Heuahk measiRiserients AsAYMGS linear image
filter to the oge qrarerimaagsyanda.meorpholagicalfitermadine donagplyiaasematenore

morphological operations to the one or more images, In some embqdiments, the image
processing modiieRiaBdnsiramvER Sty S2GMREsHSR Phoaets 0 e Bt e % one or more
images into one gy RARdRTiIaREaf inRRs Rasadonibenoniehilobihd gmagestrack firssome

embO(_jiments, the im,a%% frqﬁﬁﬁsir@rodule inicalrudaeigré 'rgg%%eoglo é[iz% Mo %Igi}/l\ﬁ%%?\;gtatgs at least
a portion of the JReAte 3 ilalé ) H?S%m Sdients. ihe image rotation module is hi
communication wﬁ&ﬁﬁdi%@ﬁmﬁq@&mﬂmpﬁﬂ@%d rotates at least a portion of the one or
package. i Bome embBUTEH B R e b D Ao o o e
generating a respestile foiceodsiging candniturdigesHdinerdaenadec Bgapl ard-am 88l ¥ riapping fields
of view. The progessar NRILHSRARINREe IR PRUME:d images to produce the character
data indicative of one or more characters present on the package.
In some embodiments, the image pﬁe_cessing module includes at least one of!
15 & color manipulating module for modifying the color of the one or more images; a
linear filter module for applying a linear imege filier to the one or more imeges; and
a Imorphoiggicai filter module for applying one or more morphological operations to
the one or more images,
In some embodiments, the image processing module includes an in’iaga
20 segrmentation 1ﬁ0dule for segmenting the one or more images into one or more
regions of interest based on the content of the images.
Tn some embodiments, the image processing module includes an image
rotation module which rotates at least a portion of the one or more images. In some
embediments, the image rotation module is in communication with the dimension
25  capture module, and rotates at least a portion of the one or more images based on
information from the dimension capture module indicative of the location of the
package,
In some embodiments, the at least one camera include at least two cameres,
each generating 2 respective video signal, and where the came.rés have least partially
30 overlapping fields of view. The processor includes an image stitching module

which, in response to the respective video signals, combines overlapping images



which, in response to the respective video signals, combines overlapping images WO
2009/070696PCT/US2008/084897 from the at least two cameras to produce a single image of the

combined fi ew.gf.the cameras. In some embodiments, each of thp@gigaskpngssameras has a
respective fie o? View. gubstantially all locations on the receiving surface fall within the 5respective
field of view, In some embodiments, the at least one camera consists of a single camera. In some
embodiments, the receiving surface is at least partially transparent, and where the at least one camera

is positioned belguyihe:r36aiMngStHtases e Wé%ﬂg{&(ﬁ@éfﬁﬂ@ghdﬁ@ﬁﬁﬁm@éurfaw 10In
some embodiments, the at least one camera is positioned above the receiving surface. In some

embodiments, tWée?’éeé%Ef@ﬁF?ﬁce includes at least on indicia for aligning or focusing the at least one
camera. In some embqﬂim@mtsmﬁaﬁimdﬁasémm}ﬁmatd;eimchmte&mmmhe&mp%rﬁef@lﬁbodiments

include an Integr %%urr' O%uggalz?t?a! fﬂg lgg;%ﬁrgr?s? 6\{1' e receiving surface fall within the
5 respective field of view. In some embodiments, the at least one camera consists of a
single camers.

In some embodiments, the receiving surface is at least partially transparent,
and ;‘#ﬁere thé at least one camera is positioned below the receiving surface to image
the package through the recetving surface, |

10 In some embodiments, the at least one camera is positioned above the
receiving surface.

In some embodments ‘the recctv"mcr surface mcludes at least on indicia for
aligning or focusing the at least one camera.

In some embodiments, the at least one camera includes an autofocus.

15 | Some embodiments include an integrated housing including the receiving
surface and processor.

- Some embodiments include an arm extcndmg between a proximal end
connected to the housing and a distal end positioned above the receiving surface, the
distal end including at least one chosen from the group consisting of: a range finder,

20  and the at least one camera.

Some erabodiments include an RFID reader, and/or & bar code reade;.

In some embodiments, the rangefinder includes at least ong of: an ultrasonic
range finder, a RADAR range finder, a LIDAR range finder, a laser range finder, an
LED based range finder, a mechanical range finder, and an optical range finder.

25 In some embodiments, the at least ope weight sensor inciudes: a load cell, a
- MEMs device, a piezoelectric device, a spring scale, and a balance scale,

In some embodiments, the data indicative of one or more characters present
on the package include data indicative of at least one chosen from the group
consisting of: an alphanumeric character, a symbol, a postal code, a post mark, a bar

30 code, and a two dimensional bar code.
Some embodiments include a postal meter in communication with the

processor and/or a printer in cornmunication with the processor.



surface and processor. Some embodiments include an arm extending between a proximal end
connected to the housing and a distal end positioned above the receiving surface, the distal end

including at {93% &Iagsen 'from the group consisting of: a range findep@ZHagddfesaisleast one
camera. Some embodiments include an R.FID reader, and/or a bar code reader. In some

e_mbodiments, the rang_efinder includes at least one of: an ultrasonic range finder, a RADAR range
finder, a LIDAR range finder, a laser range finder, an LED based range finder, a mechanical range

finder, and an optical rﬁp%mgggpgc@,lg SRMeENbdimaNSsdhe st iedstions Welghingensor includes: a

load cell, a MEN& device, a piezoelectric device, a spring scale, and a bal le, |
embodiments, tHEHIRE RHERIEGTHARPBRIOPL t?ﬁé?’ﬁ&%?%"ﬁ#&ﬁ%ﬁ% f%gl %%% Sgcggﬁﬁjgﬁjdoem c?ata

indicative of at legst,ane chesemiremmibegrunetasistng ok drcalpthenacierge; obagibter, a symbol, a

postal code, a post mark, a bar 30code, and a two dimensignal.bar e, iments include
a postal meter irPEGHRTER ORI i gmﬁggé&%&ngﬁ%t 6?%&%%&6?’%%1%&%0#3%0@ ti(t}%%lvﬁ?h the

processor. YO RA096EAF96P G HIoS2008/084697sent on the package; and outputting the
information indicative of the weight, size, and one or more characters present on the
package. '

In some embodiments, the information indicative of the weight, size, and one
or more characters present on the package, respectively, are determined substantially

10 in parallel.

In another aspect, a system is disclosed including: an enrollment apparatus of
the type described herein and a package management system. The enroliment
apparatus is in communication with the package management system to provide
information indicative of the weight, size, and one or more characters present on the

15  package. '

In some embodiments, the package management system includes at lgast one
of a package delivery system, & supply chain management system, an inventory
management system, and a chain of custody management system.

In some embodiments, the package management system includes a point of

56 sale unit, and where the point of sale unit generates and displays, in response to the
information indicative of the weight, size, and one or more characters present on the
package, information indicative of one or more available service options. In some
embodiments, the point of sale unit includes an input unit for receiving informeation
from g user; and a service unit for providing information indicative of one or more

25 availsble service options based on the information from the user and information
indicative of the weight, size, and one or more characters present o the package. In
some embodiments, where the input unit includes the enrollment apparatus.

In some embodiments, the input unit receives a series of instructions from
the user, and the service unit includes a backwards chaining logic unit which

30  dynamically determines and displays available service options based on the series of

| instructions and baﬁéd information indicative of the weight, size, and one or more

characters present on the package.



In another aspect, a method of enrolling a package is disclosed including: providing an enrollment
apparatus of the type described herein, using the enroliment apparatus to determine information

indicative of the gize of the:nackaas;Using HheienrYment aRPArAS ] detsraiDe, infprpation

indicative of the size of the package Sindicative of one or more characters present on the package;
and outpdfiiiFthEnHrorRhHBHIRTRHVERS thehanetiitit epsblararofeibitatipre CHarastisigResent on
the packagewkesdneeolhadingiisatoe infomeation silieative afithe weight, size, and one or more
characters prese/@ %negwﬁe[?ealgka%e“lroecsé%%%tiv&l)% aggkdeit?elre _épe Os{ bs(t)%r%]t(i)%l}/ 1SOin araélﬁls. In another
aspect, a system is discloged inc uding: an enroll enfigppara us of the ype dedBibed fierin and a
package fiadgiérient system. The enrollment apparatus is in communication with the package

management sysieRdaaravide. infermation ndicative of theweightoRizg, APSLRAR BRI g.Characters

present on the, 15é)acka e. In some embodiments, the %Cackage management system includes at least
one of: a pEERLG féiéiiﬂfge%%téﬁ%?%%aﬁpi%h‘&ﬂ%‘aﬁ JeERt SY¥tem, an inventory management
system, and a cliairsefioustpdscaramggentert system. In some embodiments, the package

management syste, incldes a.Rpin,of 205 Al And Whese, the. RAIRE Af 526 4niL geperates and

displays, in response to the information indicative of the weight, size, and orne or more characters
present offEAECRaYe ShifstaRatior iRtiAtve BF ohel Bt mblacabarise dekifke GamsHS Yhi'some
embodimenigethebpoinheirealb lidkinéludes asuppsit uni fomeeceivirginfermatien  from a user; and

a service unit for groxiding informaltian indicative of ¢ ALIMRTE ZRAvRIaRIaSeLMISS aptios based on
the information frgmat e user an m%rma ion y Y large two ensional He

of view to generate a first video signal characterized by a relatively low resolution and

relatively high frame rate, and

operates in a second mode characterized by a relatively small field of view to
generate a video signal characterized by a relatively high resolution and a relatively low
frame rate; and

a processor in communication with the at least one weight sensor and the at least
one video camera unit, said processor comprising:

a weight module which produces, in response to the weight signal, weight data
indicative of the weight of the package;

a dimension capture module which produces, in response to one or more of the
first video signal and the second video signal, dimension data indicative of the size of the
package, wherein the dimension capture module comprises a tracking module which
produces, in response to the first video signal, tracking data indicative of the presence and
location of the package on the receiving surface, wherein the tracking information
comprises: |

length and width dimension data indicative of the size of the package along two
axes lying in a plane parallel to the receiving surface, and

height dimension data indicative of the size of the package along an axis

- transverse 1o the plane parallel to the receiving surface; and
a recognition module which produces, in response to the second video signal,

character data indicative of one or more characters present on the package;



indicative of the weight, size, and one or more characters present on the package. In some
embodiments, where the input unit includes the enrollment apparatus. In some embodiments, the input

unit receives a series of iﬁjstructions fram theﬁjser and th servicia1 unit iP%Iu es a backwards chaining
110, & S con SWILC

logic unit which gg’f;ﬁamlcalig/r(a%etsespr%ihes anog%ﬁggla?/sagv%rﬁgg &'service ophoensc PuEE Bh'the series
of instructhstigesndlisasest anforenenid mirblicatide of the weight, size, and one or more characters
present on the PagKaGs: each l@fﬁ@m%mgﬁ'@@dﬂé,&nﬁmﬁ%%g EB?:I}E%%H‘Q%%\A%EHT ipEludes a
point of service unit, and further including a handler module for facilitating communication between the
enrolimert APSIAE5 BREHE DGt of service unit.  As used herein, the "location” of a package
refers to its positiomintbpaegpendtitsroiemiatidad a mithad otherralpeci, thetegis raypidddgan apparatus

for enrolling a p ed | [ i tati eceiving._surf prising: the
stationary regei\%?l}g%gl?r'%?& g"l’%g{”?eég{s? %ﬁ%%vﬁggﬁfgg%&s%?n%cggﬁn&}gé@a%fo%%ﬁt tﬁa??ggléy?ving
surface wWARSHIGBABr A& O WEIFISE TGS SHATCAtRAM BT iHBANeight of the package; a video camera unit
located above thé¢aegivingstodacengn@Bupport arm, wherein the camera unit: operates in a first
mode characterizgqebgﬁc a relative 1:Iaerilcty‘e two dimension?l field.%c }ﬂew to_greneratefa firsl}fvi eo signal
characterized byaa reﬁatiegﬁ/%%resso tion and re aTil\ll(éafy} I@ﬁ“ﬁamg 5 S, and °* %cﬁe% &¢'in a second
mode chagetetiged Wyiahicimne ipdieriil fioltthd wieshioogdmepatdageideo signal characterized by a
relatively high regQltionane-assiptiahdowcame fé&@;:vﬁsgsmfaea%ﬁ%%ﬁgfyo&@ SYMMHGIGation with
the at least one weight sensor and the at least one video camera unit, said processor comprising:

a weight ocﬁf@%}ﬁﬂtbroduces, in response to the weight signal, weight data indicative of the weight
of the package; opemidimensiost capdarehmeaduiewdhichapraldticely, iagespondenimeinedrfigidre of the
first videogignal agdthe:sreenyidees il draepsian el indisative oidie as ol e ppckage,
wherein the dimension capture module comprises a tracking module which produces, in response to
the first vitled &Rn & dhdewmeydtsiddicative of the presence and location of the package on the

receiving surfacepemesein thedaakingoddamaaiionicempsiseselatively small field of view to

generate a video signal characterized by a relatively high resolution and a relatively low

frame rate; and

a processor m communication with the at least one weight sensor and the at least
one video camera, said processor comprising:

a weight module which produces, in response to the weight signal, weight data
indicative of the weight of the package;

a dimension capture module which produces, in response to one or more of the
first video signal and the second video signal, dimension data indicative of the size of the
package, wherein the dimension capture module comprises a tracking module which
produces, in response to the first video signal, tracking data indicative of the presence and
location of the package on the receiving surface, wherein the tracking information
comprises

length and width dimension data indicative of the size of the package along two
axes lying in a plane parallel to the receiving surface, and

height dimension data indicative of the size of the package along an axis

transverse to the plane parallel to the receiving surface; and

Ta



length and width dimension data indicative of the size of the package along two axes lying in a plane
parallel to the receiving surface, and height dimension data indicative of the size of the package

along an axis traarlsvegse.%o the géa?g r%lel to, the receiving surface; and a Ieco nitian module
which produces, in er%s‘%’&ﬁgrel {01178 Setoly %)élgcselfjn%]l,rgﬁ B¥tel’dbta ?ﬁﬁ?@adti\‘/% &Y one'dr more

characterslpreg’@ntd@mﬂm@ipaéka@é ;one Omﬁm@minhh@cﬂmemtswoﬂnﬁgm@chg@,aubmmidmw switch
the camera ik Betwesn A6 HiStARdSRSARA M SRIANE cant¥RLIRID $RER0h the fifsiagdisecond

video signals comprises a stream of two dimensional image frames. In another aspect, there is
provided &5AR8hB¥enrolling a package comprising: providing an enrollment apparatus for enrolling
a package placepliniagsiatiohagy posiietionnrq statitnasy tReeddigisy fadacepmprising: the stationary
recelving surfac,, tleashAngaight.sensoninsammHnGaian N Ing ecsiving sufape which
generates a weight signal indicative of t e weight of the package; a video camera unit located
above the’fdBenislasgifatia Hiha QUpPBeHFAP MRkl detcoaimeraiammation gpbieatss infdfrst mode
characterizgddyir kpldtively large two dimensional field of view to generate a first video signal

characterized by a relatively low resolution and relatively high frame rate, and operates in a second
modle characten Sal by S SR ARl A b g L S Rde Gunal EHAIEN Sed by a

relatively Higteeéssolptioenand theglathagy; lowl frame rate; and  a processor in communication with
the at least one wgightsensRr andingRleasi Qs videoranerignsald RIogessOICOPRISRg:  a

weight module which produces, in response to the weight signal, weight data indicative of the weight of
the packagi¥acters BireMSasRiEFrashodule which produces, in response to one or more of the first
video signal and¥hesecombwitteonsignaly diriedsianydatatindikativesofitherdizé efdhe, pattkage,

wherein tg glé ?ﬂ?g? capie m)%dule comprises a tracking module which produces, in response to
the first vid%o Sr? nal, &aclglng éiata indicative of the presence and location of the package on the

receiving surface WHETERSHE RREKIRGTINRS aiod Bmmisrides set feribtirathe wikkpraNEGHR%oN data

indicative b1 siza PiitbdRaskas siang. Do @Raagiamane arallglie ippHesetving surface,
and hﬁi? t dime{nsion&igta indicative of the size of the package along an axis transverse to the
alle

SC 101 a1l FaWings,
plane par B receiving Sufface; and

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1a-1c show views of an enrollment device.

Fig. 2 shows and illustration of the connections and control of the various components of

an enrollment device.

Fig. 3 shows exemplary specifications for an enrollment device.

Figs. 4a-4e are photographs of a working example of an enrollment device.

Figs. 5, 6a and 6b show views of alternate embodiments of an enroliment device.

Fig. 7 is a flow diagram illustrating operation of an enrollment device.
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a recognition module which produces, in response to the second video signal, character data
indicative of one or more characters present on the package, wherein the processor is configured to
automatiqu}gy gsygigc@iﬁg&&p{,@%@&Q&@%\ygg&g@&ﬂrst and second modes; placing a package in a
stationary position onthe receiving surface; using the enrollment apparatus to determine
information indicative of the weight of the package; using the enrollment apparatus to determine
informatigndndigativeiefthesize okikenackaghie an ssiPgmbeterRiglment apparatus to determine
information indicative of one o ore characters present on the package; and outputting the
information indicative of the weight, size, and one or more characters present on the package.
Various efapddimbstsiennintiisdérahyded thafeamalds ddshriesd above, either alone or in any
combination. The details of one or more embodiments are set forth in the accompanying drawings
and the description below, Other features and advantages will be apparent from the description and
drawings 18 1 I?Ium%?ﬂ ERIBHERISTEHON BB ANIRGS Figs. la-Ic show views of an
enrollment device. Fig. 2 shows and illustration of the connections and control of the various
componeﬂg_quqﬂlggrﬁggheﬁgq%i&gnﬁ&rﬁ shows exemplary specifications for an enrollment device.
Figs. 4a-4e are photographs ot 'a working example of an enrollment device. Figs. 5, Ga and 6b show
views of alternate embodiments of an enrollment device. Fig. 7 is a flow diagram illustrating operation
of an enrglimentidevietes kignikiscd diRgeammbansgxamplary processor. Fig. 9 is an illustration of a
system featuring an enrollment device. Fig. 10 illustrates modules included in an enroliment device.
Fig. 11 illustrates image processing by an enrollment device. Fig. 12 illustrates a Hough transfoini. Fig.
13 illustralfees sdgmémedtbdd festSaforrdation!Bigeta 4rapscal sgb anidGcgnec i@ iluBirate graphical

user interfaegiissLpems, fog an enrollment device.
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- WO 2009/070696PCT/US2008/084897 DETAILED DESCRIPTION Figs. la, Ib, and Ic illustrate an
exemplary embodiment of an enroliment device 100. Referring to the cutaway view of Fig. | a, the
device body 102 (also 5referred to herein as "main enclosure") includes a transparent tempered glass
surface 104 ¥%P E%Wﬁféﬁa package 106 (shown in Figs. Ib and 1c). Load'cell¥ Qggsf'esfigg? Solid state
load cells) are located at the corners of the glass surface and provide weight information for items
placed on the surface 104. The device body 102 includes two cameras 110. First and second surface
10mirrors 112 are disposed to direct an i f on the surface to the cameras. The
marginal rays of die camera/mirror systeﬁ?%%ﬁ%ﬁgﬁﬁgég As shown, the combined field of
view of the two cameras 110 substantially covers the area of the glass surface 104, allowing image
capture of package 106.plaged 4t anarbiliary positian.an e Hiass siipeealMydfiThe device body
also includes a computetgp'roc’esgor S WhRiC may be coupled to the various components of the
device and/or to dextesnilGsyRtfensner tddvioadaFor drarnbistie. dendsuies préede2dri94 may be an
xB6 platiorm,capapls. of (YA Linky ol SERGHAGEMIRRSOl AN SR e Baln Natious

embodiments, this computer may run the internal "firmware" for the device as well 20as support
application facilitié4 Surciesesvinp aepncieaict Qg pTs Fathd b B pmdinkfAteteri ége gihe.  In some
embodiments, the,geviee RadY-402 inclydasaneermass ighiingimodutes:(aat shoin), such as light
emitting diode modules, to illumingte Iheg ckage p acedgon tﬂ%glass surface. 25A support aim 116
(also referred to W&Ehi Lupsisndeits F?M‘)e Riends Bb8e the surface 104. The support arm 116

includes control buttongid 88@. Heaweo Tontialeneasuneme it (nifrsondolewed ewdes etc.). A display
120 provides information to the user ar users (e.g. postal clerk ancUior customen). e inay include for
example, a ChardMEPEA TS ﬁC%t%léﬁ?%y?%%éL%gﬁt aern %{16 also ' .

cameras., The marginal rays of the camera/mirror systems are indicated in Fig. 1a.

As shown, the combined field of view of the two cameras 110 substantially covers
the area of the glass surface 104, allowing image capture of package 106 placed at
- an arbitrary position on the glass surface 104.

15 The device body also includes a computer processor 114 which may be
coupled to the various components of the device and/or to external systems or
devices. For example, the computer processor 114 may be an %86 platform capable
of running Linux or embedded Microsoft Windows products, In various
embodiments, this computer may run the internal “firmware” for the device as well

20 as support application facilities such as a Web Server and postal rating (i.e.
pricing/metering) engine.

In some embodiments, the device body 102 includes one or more lighting
modules (not shown), such as light emitting diode modules, to illuminate the
package placed on the glass surface.

25 A support arm 116 (also referred to herein as an “gxtension arm”™) extends
above the surface 104. The support arm 116 includes control buttons 118 (e.g.
power control, measurement units control, scale tare, eic.). A display 120 provides
information to the user or users (e.g. postal clerk and/or customer) and may include
for example, a character display (e.g. LCD display). The support arm 116 also

30  includes an ultrasonic transducer rangefinder 122 which operates to capture onc or
more dimensions of package 106 placed on the glass surface 104 (e.g. the height

dimension as shown in Figs. 1b and 1¢). In some embodiments, the device 100 may



30includes an ultrasonic transducer rangefinder 122 which operates to capture one or more
dimensions of package 106 placed on the glass surface 104 (e.g. the height dimension as shown in
Figs. Ib and 1c%. In some embodiments, the device 100 may WO 2009/07P %}/093@08/084897
include additbRA B S hative rangefinders (e.g. infrared rangefinder, mechanical rangefinder, laser
rangefinder, radar range finder, LED based rangefinder, one or more cameras, etc.) Fig. 2 illustrates
the connections and control of the various components of an 5enrollment device of the type described

icrocontoler 208 TR DR TS e ST oL ooy TACr 5o Al J0Gand an

microcontroller 2 crocontroller receives ana ‘cells 206 and an
infrared rangefincep@08les| g witlzdigited, iradets e iadenlfEEd hisadrierfaér29% &hd user control
buttons 212. |”f0r5';§}%} jz%gggnet@gse inputs can be passed back to the 10compact PC 202 for
processing. The microcontroller 204 also provides digital control outputs to a display 214, LED

indicators 216, and a bEigpi g arRitesipasirTe PrralshRId iR 6o MBS Rach of two

cameras 224 for progesaing{&:00 IMRAGRAGIEIND IR chmansinsoaptysenrie). (FOP compact PC
202 is further connected to various peripherals 221 via a connection such as dpupiversal serial bus
(USI3) hub 222. W%ér%ﬁ@?ﬁ%ﬁ&?ﬁ?ﬁ?ﬁ%lﬁ)dﬁﬁ?@ﬁeﬁ??%tﬁlﬁ’?jecé?feo }:lgpa’ba%e of receiving signals
from an RFID taghprothe estkages aacthaioguspdistaysfand eanteiler®s(end chepboaxt], touch screen
patametors ana SHECTIEE S PREIRIG BARAI ST S T Ss LT 1 B described
above, along withstargetpétietmaridd speoifivationcen thesp b g0 ypiessed Sprk&tidifs. Note that
the majorty o1 PefierIABRe AHAACIRUSS o1 e WMRARINPINA ar6 rosnaral gampliance wit
target values. Eilg%. a-4e are photographs of a working example of an enroliment device of the
type described abmm! Bigpaia shodiepian HdvibER itisgRieRdgedhebaprrths. The
compact PC 202 receives image information from each of twe cameras 220 for
processing (e.g, image processing, OCR, dimension capture, etc), The compact PC
202 s further connected to various peripherals 221 via a connection such as a
15  universal serial bus (USB) hub 222. The peripherals may include a printer, an RFID
reader capable of receiving signals from an RFID tag on the package, and various
displays and controllers (e.g, keyboard, touch sereen display, touchpad, etc.).
As will be understood by one skilled in the art, Fig. 3 lists various parameters
and specifications for a working example of an enrollment device of the type
20 described above, along with target performance specifications gorresponding to
typicel applications. Note that the majority of performance characteristics of the
working example are in general complisace with target values.
Figs. 4a-4e are photographs of a working example of an enrollment device of
the type described above, Pig. 4a shows the device witha package placed on the
25 glass swface. Fig. 4b shows the device along with display and control peripherals.
Pig. 4c shows a compact PC integrated into the main enclosure. Figs. 4d and 4e
show examples of image processing, dimension capture, and OCR, as will be
discugsed in greater detail below,
Although an exemplary embodiment is presented above, it is to be
30 undersiood that other suitable configurations for the enrollment device may be used.
For example, Fig, 5 shows a perspective view of an exemplary embodiment of an

enrollment device 100. In this configuration, instruments such as an ultrasonic



25¢lass surface. Fig. 4b shows the device along with display and control peripherals. Fig. 4c shows a
compact PC integrated into the main enclosure. Figs. 4d and 4e show examples of image processing,
dimension capture, and OCR, as will be discussed in greater detail below, élmgﬂgglﬁg?@(emplary

embodimentwgﬁpgglgm%g& above,to be 30understood that other suitable cgn igurations for the

enrollment device may be used. For example, Fig. 5 shows a perspective view of an exemplary
embodiment of an enrollment device 100. In this configuration, instruments such as an ultrasonic WO

2009/070696PCAISRONBBARSc(aae et 22 ey REd Bhieqgiriaie oo atedin a spherical
po

enclosure 502 on t an extension arm positioned at the carner of the device's main enclosure 102.

Control buttons 19T804ARY GicaRfENET ESLHOREIS) e pratet 9btard oSt P SRIRE A enclosure
102. 5Fig. 6a shewsanethehexemplaty erbodinEnGnFbjchssamerostiddtepidcaden the

extension arm 116 instead of in a main enclosure of the device, thereby providing a top down view of a
package placed BAltEEaHEEd %04 of a weight scale 601. In some applications, this configuration may
provide addiional comfug, fr digersmotusteraegitoyptatindipeck ayesialithaabels 1d0eieer printed 10

information "face up", while stil] allowing for dimensiog. e, OCR, £16r s shawn, processor 114 is
located external ,aﬁfﬁ [, ﬁg:fl Moot |Ir%1eﬁ§ W?ﬁ%@ 8@1&%&%%@ ﬁ%egrally.' F@.ﬁ% shows a similar
embodiment featbetetyepsinglingartverdotovicumtraakasnpipdde s Bes i e than and

encompassing Sg,rf%%% sttt 9%&%%&%%5&?&@&%%@%&9%@@1%ﬁaﬁ@@vmda&gmomn package
T4 weig i

receiving surface t scale 601 may be imaged. Camera 110 may include an autofocus or

other focusing andrefosifpnrrere aspartmed lidrcibe Paskagr it 18415 TRYSS aid in focusing
and/or alignment of camerad1Q. Fig.Filustratesihe fiewiefasiencepmenOfReess A60 using a

device 100 of 20the type described above. Initially, in step.701, the package to be enrolled is received
on the receiving m%@rfeﬂsﬁft%ﬁféﬁ%ﬂ?ﬁ‘é’n‘f’ﬁw&!g‘/ 1@{?%}?@8&%@%‘%%&%‘# gje

located integrally.
Fig. 6b shows a similar embodiment featuring a single camera 116, Camera
110 may have a field of view larger than and encompassing surface 104, such that
15 even packages which are as large or larger than package receiving surface 104 of
weight scale 601 may be imaged. Camera 110 may include an autofocus or other
focusing and/or alignment systems. Indicia 602 on surface 104 may be used to aid
in focusing and/or alignment of camera 110. |
Fig. 7 illustrates the flow of an enrollment process 700 using a device 100 of
20  the type described above. Tnitially, in step 701 the package to be enrolled is received
on the receiving surface 104 of the enrollment device 100, In step 702, the presence
of the package is detected, for example, as described in greater detail below, by
processing a strearn of video images captured by the cameras (or camera) 1 10.
Once the presence of the package is detected, multiple types of information
25 about the package are captured in parallel steps. In step 702, the weight of the
object is captured, e.g. by the load cells 198 or scale 601.
In step 702, the cameras 110 capture one or more images of the package.
The images undergo a processing step 703 to provide information about the package.
For example, in step 705 machine vision applications (e.g. edge detection) may be
30  used to capture one or more dimensions (e.g. length, width) of the package. Optical
character recognition technigues can be used in step 704 to capture text o other

markings on the package (e.g., postal markings/permits, bar codes, etc.).

10



of the package is detected, for example, as described in greater detail below, by processing a stream
of video images captured by the cameras (or camera) 110. Once the presence of the package is

detected, multiple types of information 25about the package are capturedlii | steps. In step 702,
the weight of“ff?ez f@@?% captured, e.g. by the load cells 198 or scale 60 8%%%%9%%%%6 cameras

110 capture one or more images of the package. The images undergo a processing step 703 to
provide information about the package. For example, in step 705 machine vision applications (e.g.
edge detection) may be 30used to capture one or more dimensions e : %gth) of the package.
Optical character recodﬂiﬁ@ﬁ fggh?ﬂaé)@%n%en B ueed %r?%é%@&% 8%%6%%}%%?& or other markings on
the package (e.gxpaskithediiysihepits; trmeadesddmmningdd desioresds Pey i8dr08/084897
In step 706, one g e dipensionsof 115, RASKANS Aie SANNIEE ok SXARBR. s belaht of the

package may be détermine f/t e ultrasonic range finder 122. This information can be combined with
dimension inforntietimede peprvissts step therividgepralidedimpationab Hmatedhpiciesimensional
information ge.g.‘jﬁ&gtghmgm)%%lg 'mggf the package. In step 707, the enroliment device 100

captures other types of information related to the |Qackaﬁ§f For example, ar&{%%lg) m{g der connected to

or integrated with the eHr&ifeT-dbs B L EReghHREMISHA AR SRR RERS &

n
ag on the package. In

step 708, the infosmation waptueddn the ahareelesriipdatépisthandlidcolistiguigrpidssed, and/or

stored. The information may a(lso. be out 'fﬁ for
the enrollment device can ga

&r information from an RFID tag on the package.
In step 708, the information captured in the above described steps is then
10 collected, processed, and/or stored. The information may also be output, for
example to a delivery service business system. The information may be output in
any suitable form including electronic data, an analog signal, printed material, visual
display, etc.
For example, in some embodiments, information is displayed to auser via a
15  graphical user interface. The user may confirm or edit the captured information,
enter additional information, query a customer as to a choice of delivery options or
additional services, etc. In some embodiments, printed material (e.g. labels, stamps,
gtc.) may be output from an attached or integral printer. In some embodiments,
output cen include markings (e.g. barcodes) printed directly onto the package using,
20  for example, an attached or integral spray printing system, or through attaching
separately printed labels with bar code, postage, ot related package information —
based on information derived from the device.
In some ernbodiments, the performance of one or more steps might depend
on the results of other steps. For cxample, the imaging and OCR of a package might
95  determine that the package was a “flat rate” envelope of the type common in postal
and delivery services. In such a case, weight and dimensional information is not
relevant, and thus the steps used to capture this type of information may be omitted.
Fig. 8a shows an exemplary embodiment of processor 114, Video signals
from cameras 110 are input to frame stitching module 801 which combines multiple
30 overlapping views of surface 104 into e single view (in embodiments featuring a
single camera may omit this module). The combined video signal is passed to

dimension capture module 802 and recognition module 803. Rangefinder signal

11



example to a delivery service business system. The information may be output in any suitable form
including electronic data, an analog signal, printed material, visual display, etc. For example, in some
embpdlments, information |sld|splay(.ad to a user via a 159raph|cql user m{,@%@}y&&ggr may
confirm or eﬁYﬂﬁ%o?fgmtﬁed information, enter additional information, query a customer as to a choice
of delivery options or additional services, etc. In some embodiments, printed material (e.g. labels,
stamps, etc.) may be output from an attached or integral printer. In some embodiments, output can

‘include markings e.%sg%@eoagge@ Q&ﬁ{}:&ﬁﬂg&fﬁ%@}‘ O thgRackagdeisinthoddiersexample, an attached
in

or integral spraynf)r?fn g system, or through attaching separately printed labels with bar code, postage,

or related packagedgfistonanionuloded-5iPmenTaa G R AVRCRSHPH EER N ome

embodiments, the PRIENANCE0DS HHek.Rk YL ElEPS MighRblapanddrive s¢sulisaf @tber steps. For

example, the imaging and OCR of a package might 25determine.that the package was,a "flat rate"
envelope of the ¥pE b%ﬁ%%ﬁf&%@rﬂ? ﬁl@ﬁﬁ%?’%ééﬁﬁ &8 s SR 4 éissé,%giaﬁmﬁ% dimensional

information is nqheelavant AR detsrine SiepagteshionddptotatnisiypdaiihformigidindgiRy be omitted.
Fig. 8a shows an exemplary embodiment of processor,1.14, Vi fsd'gp?]a;fg M,caMsLagel 10 are input
to frame stitchin§ RGERNE g%%@v?ﬂ ' %ﬂeessﬁ%iiﬁ?g oibeé#ggping iewsgof surface 104 into a
single view (in epabgdinmentsdienturing a single camera may omit this module). The combined video

signal is passed to dimgnsion captut | RigpmedwWR &8 skangehinder signal
WO 2009/079696PCT/@%%&%/%‘&%&%% C%%%’Eg%g&s%%% fror%1 rangefinder 122 to dimension

capture module 80grahtscbagritiotrinodieii 803Nt imRPTE FHARE L G BEERSed herein,

dimension ¢aptu 5. 802 Opstates:ie pyadiee dkpension dawpndisgdive of the size (e.g. length,
width, and/ga;lheigg%{t%%%g%acka’gi&based on the inpuitji_gnals For e ampl%, 5 toduslct;:‘rg‘g)é%bmay
}1%‘5 %?5%55‘5%11%? the combined video

determine the length art¥aiaekpefiS0REEryssad SIPERyE | 0

signal and the height.ef.te packpasibasedan fheimogetighedsignalicative of the weight of a
package placed on surface 104.
Processor 114 combines the weight, dimension, and character data from
15  modules 802, 803, and 804 and outputs the data from output 805. The operation of
the modules described above will be further described below.

Fig. 9 illustrates the integration of an enrollment device 100 into an
exemplary delivery system 900. As described above, an enrollment device
100(captures numerous pieces of information which are passed on to and processed

20 by processor 114 (e.g. via firmware run by a compact PC integrated with or linked to
device 100). Processor 114 may communicate (e.g. using a network connection),
with one or more servers 901. For example, an address managemnent server could
exchange information related to redirection or alternate delivery. A rights
management server could exchange information to validate permits or confirm

25  postage. A supervised delivery server could exchange information related to
package tracking or chain of custody (e.g. for prescription medications or legal
evidence), In some embodiments, these servers might further interact with other
“pack end” applications including supervised delivery application 902 and database
management applications 903. Such applications could be connected via a network

30 904 (e.g., an intranet, extranet, the world wide web, etc.)

12



Using, e.g. the techniques described herein, recognition module 804 operates to produce character
data related to one or more characters (e.g. alphanumeric 10address, bar code, postal mark, symbols,

etc) found on the package. Weight module 804 receives a weight signa# in [ eight sensor
such as Ioad‘%%l?@of@ioﬁgﬁscale 601, and produces weight data indicative o ?ﬁéé)slé\%’egﬁgﬁ‘tg%y; package

placed on surface 104. Processor 114 combines the weight, dimension, and character data from
15modules 802, 803, and 804 and outputs the data from output 805. The operation of the modules

described above will be, fiirther described below. Fig. 9 ilustrate intedratian of an enroliment
device 100 into an exe%ingFﬁo iﬁ%ﬁ}%@"s@eﬁ%d@%&a %Hessaé’vri cggpatqgg\fésgn enro%ﬁ?ént device
100(captures nupeetdusrpiecesuofaniolenaticrmyhicharde fosedton)to whdge eéd5s8 Z0by processor

114 (e.g. via fimware 1y by 3,compactRe isgraist Wit ondnkedio farios 100k Ripspssor 114

. [+ R
may communicate tre.g. using a network connection), with one or more servers 901. Fqr example, an

address managermeresdensiconil exiomife THshiFBANE eI (S SREBIPSA IRt Ate delivery. A

rights  manageuerfsseMeneWs aicharggdnfosmalinmteeralidatersealvitsoiveaniisint 25postage. A
supervised delivery server could, exchange,info;ﬁggtiog related tqQ xe#oacka%e tracking or chain of custody
(e.g. for prescripHERHBRSIHSALoS TEGER BiRge R N R SIS MBS HRHER S tiese servers might

further interact with other "back end" applications including supervised delivery application 902 and

database = manag {nent lications 903. Such applications could be connected via a network
30904 (e.g., an i%&%ﬁ%@% £the world wide web, etc.)

10 The following describes more detailed examples of the various functions

which may be carried out by enroliment device 100.
Seale Function

15 In some embodiments, the enrollment device 100 includes a scale 601 for
acquiring information about the weight of a package. For example, in various
embodiments, a solid state weighing device (e.g. including one or more load cells
118) operates with accuracies consistent with relevant standards (e.g. US Postal
Service and/or Royal Mail requirements). Direct management of a display device

20 may be provided in support of waightsﬂ and measure requirement.

In some embodiments, detailed usage history is kept in order to ensure
accurate performance throughout the life of the scale. Remote supervision may be
provided (e.g. via an infernet connection provided through an integrated compact

PC). Suspect scales can be identified via an analytics application.
Imaging Function

In typical applications, the enrollment device 100 detects the presence of a
package and captures an image of at least a portion of the package. The image is
30  processed to derive information from the package (e.g. from mailing labels or
printed markings) including: printed address/destination info, sending identification

information, postal markings, and other information such as proprietary barcode

13



Processor 114 interacts with a point of service (POS) system 905 (e.g. a postal service counter sales

system) to provide, for example, validated address or redirection information, weight, dimensions, etc.

Interactions might be mediated by an event handler application 906 which I‘It]
[

LIS Qi girervise

communicat®tiP8HEPos system to provide, for example, invalid permit, Ss, or delivery point
warnings, redirection information, scale/OCR timeout indications, etc. Enroliment Functions 10The
following describes more detailed examples of the various fianctions which may be carried out by

enrollment devicHeHlO_O. Scal(i F%Qe{;tliloré%?l Some ‘réng,ogi' mer&% G’gﬁge%g %;I et?;]lsdevice 100 includes a
scale 601 for ac ffmbaﬁ%m?a}'lonoa But the Wel'g% ora package. For example, in various
embodiments, aislichstate veighitgraed deslen. nclomieg Brody avore dokichesnsetigdoperates with
accuracies consistent with éggé%ﬁ%%?gﬂ%iaggﬁég.g. US Postal Service and/or Royal Malil

requirements). Diréct management play”device 20 may be provided in support of weights and
measure requirement. Refarisaritd’igntbdinientsonbedimgnisdbeimees Apioetieit G to ensure
accurate pegormanae,ihioushostihedlife-akihneg JealenRRIBote:s uReRgiap e beup ovided (e.g. via
an internet connection %E‘rovided through an integrated com$%ct PQ_%}. Susr\%e_ct_ scéallesl &0 be identified
via an analytics SpHeatiss B s lih gregn ShB e G SR P SR PR E 8 hfollivient device 100
detects the presqpeenefra-packrganadicapturesianripagenobitieabbe:postivleschtydpackage. The
image is 30processeq to.derive inforri'u tion from the package (e.g. from mailing labels or printed
markings) inc|udiﬁ§?‘§?ﬁ?l%&1§8%‘%%’§s/ estination info, sending identification information, postal
markings, and other infetmatiegisgidevizs propriefdl sarpbde one or more cameras 110 to

10 obtain images of a package. The imaging device module 1001 may operate to meet
two different sets of requirements imposed by the tracking module 1002 and the
reco gnitioﬁ module 1004, As will be described below, mail piece tracking module
1002 typically requires image capture with a relatively large field of view and a
relatively high frame rate, but can tolerate relatively low resolution. The recognition

15 module 1004, on the other hand, requires relatively high resclution images (.2,
about 200 dots per inch, “dpi™), but can typically tolerate a relatively narrow field of
view and relatively slower frame rate, Accordingly, in seme embodiments, the
imaging deviee module 1001 operates in a first mode to provide a low resolution but
large field of view (e.g. substantially covering the surface 104 of a device 100) and

20 high frame rate image stream to the traéking module 1002. When a package is
placed on recetving surface 104 of the enrollment device 100, ihe tracking moduie
identifies the package's presence, location (i.e. position and/or orientation), and size.
The imaging module 1001, using informatien from the tracking module 1002, then
switches to & high resolution mode to capture high quality images of areas of interest

25 (e.g. an area including an address label) on the package.

Note that in various embodiments these modules may be implemented in
hardware (¢.g. using muliiple cameras or sensors of varying resolution) or in
software (e.g. using image processing techniques known intheart)orima
combination thereof.

30 As mentioned above, the tracking module 1002 operates to monitor 4 stream
of image information from the imaging device module 1001 to detect the presence of

and determine fhe size and location/orientation of a package placed on receiving
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WO 2009/070696PCT/US2008/084897 information. In various embodiments the enrollment device
acquires this infonnation in an automated fashion, performed in such a way as to have reduced
negative impact on currently sorting. Referring to Pig. 10, in some embodiments, the image related
tasks o SenrS{RrEAYHdoRe are performed by four modules: the imaging dEWéB%E(ﬁ?égfgoL the
tracking module, the image enhancement and dimension capture module 1003 and the recognition
module 1004. All or portions of the above modules may be included in processor 114. The imaging
device module 1001 employs one or more cameras 110 to 10 obtain images of a package. The
imaging device e PoGT Pﬁ%%?}gfﬂg 58"&?8%(%% erf s tggl%%%‘]‘l?se%?gn € imposed by the
tracking module dQ067at ddhen deaamitioit inadideniBidodttatlthe tdekonbbudstomanizd piece
racking module 1002 plcaly, equlies se.caprcuiihaselotivalilga ild of view and a
Prate, Bufca fererat R/ ' i

relatively high frAMme rate A tolera Ively Tow resolution. The recognition 15module 1004, on
the other hand, reglicegorefatively high resolution images (e.g. about 200 dots per inch, "dpi"), but can

ypical tolefate a elafeh PNl W20 IR ISR VDR Gl Adsigingy. n some

embodiments, the imaging device module 1001 operates in a first mode to prO\(gtggc%' v¥ resolution but

large field of viewrpdge $0BEtrelenyrasking it aite i fa b ed 1 b e 90/ frame rate
image stream tojthe yacking, e ik RIRMheR.aBackRaeisIAead (aebriviegstnface 104 of the
enrollment device 100, the trackinf; module identifies thg gazkag%‘)s. re\%%nc?drlgﬁgti%lc%e. position
and/or orientatiof’ %ﬂeg%@?$ﬁ&tﬂﬁﬁﬁ%3?ﬁgﬁ?%df%’1,%§ GnTormation irom the tracking module
1002, then switches)tonahighirgsoluiinmnbeedbeaptiinspoivesalitsisaolsof dreanvf interest

25(e.g. an area incl di?%ﬁan add{}ceas{s Iab(%l%?n the %%@%9 s of o te.4hat in various embodiments
: :

these moduits F&PbY FAPTBATEN del?lvﬁardv(\)/aargé)?g%g. usifig multiple cameras or sensors of varying

resolution) or in softwaiefehds ysingfinpaueercbe seifdnermidii SKADMIIN HHOBATBFIAY
combination ther%%fmsogfaé%}gpc%ﬁ%qgﬁdoﬂpQr‘éﬁtsttbea%ﬁkiﬂﬁ"e{@t@%l?t&%ﬁt&%q@@éi%mm-itor a stream

Instead, computing color deviations in the YUV or the YCbCr color spaces typically
leads to better results. For reference, Y is usually referred to a Juminance and
15 turning an RGB color value in the YCbCr color space can be done through these
simple relationships:
Y=031R+059G+011B;Cr=R-Y;Cb=B-Y

The advantage of this coler representation is that lighting inconsistencigs will

20  typically incur radial shifts of the (Cb, Cr) value around the center of this plane.
Hence the angle of a polar representation of this color plane can be fairly invariant
through lighting changes. It is also noteworthy to notice that this angle is closely
related to the concept of s color’s hue.

Tn some embodiments, the tracking module 1002 employs motion analysis

25  using, for example, frame differencing module 1006. For example, one way to
detect motion is through a frame differencing process. As the system (e.g. featuring
a stationary camera) gathers successive video frames it simply compares each pixel
value to its value in the previous frames and removes those that have not changed
significantly. When the images are provided as grayscale, intensity is the only

30  available parameter but in the case of color images there are alternative ways to

perform these differences depending on the color space.
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of image information from the imaging device module 1001 to detect the presence of and determine
the size and location/orientation of a package placed on receiving surface 104 of the enroliment
device 100. Several tracking techniques will be described herein, howeverC|1L EEE% e%slig&j]erstood that

the tracking mﬂczﬁ%“ﬁ%ﬁfbe performed by any suitable techniques (e.g. uPsmé nown machine vision

applications). 5In some embodiments, the tracking module 1002 employs a color masking module
1005. Color masking is a technique used when looking for an object which leverages unique color

information that the 0%@%@@%{&%‘{&4%%1%ﬁé%\é’q&é%'%%&QW&%@&?@E@@%@@IQ@CKQround may
r

have (e.g. the known COIGT Of surface 104). ‘typical applications, the color masking process consists
of removing anyabOpixeldfiais inglde raedevixd s eoisa SpewisidgeirrcnBrlodind For this type

of approach, thegygll ﬁWHmBﬁ &g@%@ﬁggegsg@;mtjm&g petifeKvRSeppsapriatetfane wants to
avoid artifacts due to lighting inconsistencies. Instead, computing color deviations in the YUV or the

YCbCr color spatigisypidalgteads to better results. For reference, Y is usually referred to a luminance

and 15 turnigg an RGBrgglor vadus i then((lbeifeater &fface eamabkitpné throughitheSe simple
relationships: Y=0.31 R+ 0.

( 59G +0.11B; C wYﬂ;Ctr)e:B-Y.Th a age of thi 13
representation i</ ik ff@ﬁ‘[?ﬁd?ﬂfd’?%&félﬁ%éesc{ \?\?Iﬁﬁ%‘/p}ggﬁ& The ?ar'%gd)%nl sgi%tg? g?t{}ﬁ %{Cg:ég Cr) value
around the centefnofthiapiarthdsefremtherendletbédpplatrepidse thaddetleb gi¥ic®eplane can be
fairly invariant thiquah Joyipg Shangss, | IS ASA OIS el et his analedsclosely related

|

to the concept ot 2 86l6rs hue. Th some embo ments, the tracking module 1002 employs motion
analysis 25 usingpigrektiapiduseatad iditheraererdyraoalifie 06b. ey e BFRE-way to detect

motion is throughya frame cifferencing. RIRGSS sish s SUaIERm(E Moleriwinga siatienaty camera)

gathers successive video frames it simply compares each pixel value to its value in the previous
frames and removespmbsenthaichave not changed significantly. When the images are provided as

grayscale, intensity is theHaly Qavaiiable pamarrierd i@ ihe padeiof cotovélnages there are

alternative ways ftr%me differences, in some embodiments, the tracking module 1002 employs the
Hough transform module 1007 to transform the frame differenced data 1102 to

15 produce Hough domain images 1103, The primary ﬁﬁrpose of this transform is to
extract linear graphic elements (i.e. straight lines) from an image. It effectively does
so by maintaining a series of accumulators that keep track of all lines that pass
tiuoﬁgh a set of points. As many of these points are collinear, the largest of these
accumulatoré reveal the equation of that line in the Hough domain. In that domain,

20 the y-axis corresponds to the orientation of that line and the x-axis corresponds to
the distance between that line and an origin one chooses in the image. This mapping
is shown in Fig. 12. For example, Fig. 12 shows three points in the spatial dornain.
For each one of these points, all the lines that pass through it are represented by a
“yertical simusoid” in the Hough domain. Because these three points where chosen to

25 be collinear, notice that the three corresponding sinusoids intersect. The coordinates
(0, p) of this intersection describe the line that passes through all three points
uiquely.

Referring back to Fig, 11, the third row of Hough domain images 1103

shows the Hough domain that corresponds to each frame difference 1102. As the

30 motion of the mail piece stows down (i.e. third column in the Fig. 11) and the

difference frame starts to show a clear rectangular outline of the mail piece.
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perform these differences depending on the color space. Such a frame differencing process is
effectively a temporal high-pass filter and as such it is highly prone to pixel noise. Therefore it is often
coupled with subsequent image processing stages such as linear or morphologic filters, which are
discussed befR2BERF¥PE shows an example of frame difference tracking? &8 WEEHEL of video
frames 1101 were captured of an envelope being handled in a "visually busy" environment. These
frames were further imported within the Matlab environment where the differences between

successive 'frames were compyted. These difference.i es 1102, illystrated,in the second row of
Fig. 10b, reveal the mai Pfedes Wb%é%%}‘}%ﬁteo 1&&%&%&%—%3 i%é(}r@\?lena%%-ﬁ?}%ﬁ?ér moving
object, such as thedqggons hanebaie muks lined nphderdotidontialrettasididas piflet liee.g. a package

or envelope) in the frame differences, in,some embodi ‘ acking.module £002 employs the
Hough transfoiinor%toguslﬂemf ngntrﬁalnﬂsl oirfr%h%gegﬁ%%l% Ilc%?f?eﬁrgﬁ% ltélata 1102 tObIlSpro%uce Hough

domain images 0B alte: priszay /s foue! dichpaapsidrmeretseeiabe mEhpigPaphic elements (i.e.
straight lines) from an ifpage, It etfealively 9% uMmainiAniRgRsssins: afans wnukators that keep

track of all lines that pass through a set of points. As many of these points are, coII{Tear, the largest of

these accumulattgcsevisar sidainabioldt IaloRAER IR IS SRy B BKEER TG 81Rain, 20the y-axis
corresponds to the-arigRiatiapekihatlne aRskHe xoRrs Car espends tatheistancepriween that line

arid an origin one chooses.in the image. This mappipg | own.n Fig. 12. For example, Fig. 12 shows

three points in th&$ NS SETHETACHGE BREHIBRE (Eﬁg?;%g%s}%hgﬁ% |Ers185ﬁ %}af ba {s)e %ﬁirough it are

represented by a "vertigabgingisaiddliim theddalghidranikyBegatderthaenthf dee iaints where chosen to

25be collinear, notice that the three copresponding. sinusids,ir Theicoordinates (0, p) of this
r?@ es r?ﬁ‘én%eé? ﬁR%Vﬁ}t(} %*zuﬁ( {he Tﬁcaﬁoragrwxg#ﬁgn SF rQ:tt?tcrlﬁ%ﬁIar i%: !&1%9

intersectio at passes through all three points uriquely.  ~ Referring back to Fig,
11, the third row diffktencihgromhaiH drrigesnsftos shotds theslibeagis dentariradkinéstfésponds to each

frame differencer%%%%g,?\e%&egular object. It has the great benefits of further providing orientation
estimation for the mail piece in the same process, while requiring no further
assumption concerning the size or even the aspect ratio of the rectangular object.

15 In typical applications, color masking and motion analysis can reveal “blobs”
(connected regions) of pixels that maybe of interest. In some cases this might be not
enough to locate the target or an arca of interest. As previously noted, shape-related
image analysis techniques such as the Hough transformation can provide additional
information. Some techniques usefu! for tracking include, for example blob

20  segmentation clustering. One useful step is to group pixels that may belong to the
same spatial blob. These techniques are discussed further in the context of image
enhancement and OCR below.

One way to quantify a blob of pixels is by measuring its spatial moments.
The first order moment is simply the blob’s center of mass. Its second order

25  moments provide measures about how “spread” the blob 1s around its center of
mass. Through a simple diagonalization process these second order moments can
further lead to the blob’s principal components, which provide a general measure of
the object’s aspect ratio and its orientation. In a 1962 publication, Ming-Kuei Hu
suggested a means to normalize and combine the second and third central moments

30 of a graphical object, leading to a set of 7 descriptors that have since been referred to

as fhe Mu-moments. These 7 features have the highly desirable properties of being
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30motion of the mail piece slows down (i.e. third column in the Fig. 11) and the difference frame starts
to show a clear rectangular outline of the mail piece. Note, as shown in the inset of Fig. 11, that
the Hough domain sharpens up, revealing two noticeable peaks lined up horizontally. The fact that
these peaks WP #88ame horizon in the Hough domain reveals that t%ﬂ%“@éﬁ@gﬁonding lines
are parallel: one has thus found the upper and lower edges of the mail piece. 5If one were to further
look for linear feature that are perpendicular to these edges one would simply look for local maximums

in the Hough domain at the horizon orr?r% or&%iggt a 9%9(39{5 rotation., In, the case of the current
example this wolTFHHHRRY FACRAT 4K &stihatic AR d right ecflﬁs oPtahe mail piece. Rectangle

ation of t
tracking module s.B68;can!icvenade rifprmh htimd of these/fsetdB@described above to track the

ocationlorientation of regiangy A, PaAaSS, Giame gilerencg ary & Havah raaslopm provide a

solid basis for the tracking o oving rectangular object. It has thegreat benetits of further providing
orientation estimeition st esierdl shsekeiene Gapaopridsiass. RrAeTEGURMERN8 Hifther assumption

concerning the sigeipievendheaspasldaie el seatanowar Qpiestedad myRiealanpications, color

masking and motion analysis can reveal "blobs" (connected reglo_nséjjgaix that maybe of interest.
In some cases thSHBHEBEHRSITERGAYEPHS 96 At bHEtIRRSY SFANHH A P intdfSE ¢ previously noted,
shape-related imageanaysissecapsscatieh aSatheyhaughl tsamsioden atiordeanpiovidehadditional

information. Some technigues useful for tracking include, fqr example blob 20 se ion clustering.
One useful step ’lgl?@eg?%é% ﬁ'iltég Ifﬁoé:teﬁ%ézﬁrb%?o%egntgst%oéh s&ar%%éé)ga?igl}%fgﬁ s???é%%@gg{?r%iques.,are
discussed furthepy therpbsiiext piémagieeniancement and OCR below. One way to quantify a .
blob of pixglg is by measyring is,spetialmoments.The.fIskerengamentis simely thg blob's center of

mass. Its second order Z5moments’ provide measures about how "spread” the blob is around its center
of mass. Throughiz Setepheintid doratizasbinproedss H83e0sec5MPETdBRRDA SRt RARSE/her lead to

the blob's principal componenis, hichp¥ife.AganaEh A tobic.abjacksesperctiatio and its

orientation. In a 1962 publication, Ming-Kuei Hu suggested a means to norm Iilze and combine the

second and thirdigeaerentnserasis BOdrs YPEPhICa BERLEBAHHGS ALLFOFY 48REART that have
since been referigd {qas dheiihrmemamselnespriteatisesthiveierighlyidesirable properties of

being 15  registration (i.e. registration with the edges of the surface 104 of the enroliment
device 100) that was detected by the mail piece tracking module. As is known in the
art, this can be achieved through, for example, a resampling stage. In typical
applications, this resampling stage does not require any more than a bilinear
interpolation between pixels.

20 As required by the application or environment at hand, some embodiments
employ other image enhancement processing techniques to provide a high quality
image to the recognition module 1004 for, for example, accuraie OCR.

Depending on the OCR performance achieved, a further segmentation
mbdule 1009 may be added to the image enhancements module. The typical image

25 analysis technique will make a certain number of assumptions concerning the input
image. Some of these assumptions might be reasonable in the context of the
application and some others might require a little bit of work on the input. This is
where preprocessing typically comes into play. As a general rule, the object of a
preprocessing stage is to emphasize or reveal salient features of an image while

30  damping irrelevant or undesirable ones before attempting to perform further analysis
of the image’s content. There are numerous types of processing known in the art that

may share such an objective. Some such processing types are composed of
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translation, rotation and scale invariant. A number of OCR engines have subsequently been developed
based on these features. Extracting the edges of a visual object is also a very common step that
may come handy as one searches for a target mail piece. One of the most popular 5methods is the
Canny edge W&t %ftforithm. It is equivalent to the location of local mgﬁmﬁﬁﬁ@ﬁ/f}?ﬁgautput of a
high frequency (gradient) filter. The method actually starts with the application of a low-pass filter in
order to reduce noise in the image so the whole process can be seen as some band-pass filtering

stage followed by a morphologic processing, stage. 100nce a package presence has been detected
and location, orig}ﬁ%{'ﬁgﬁf%ﬁ%iﬁﬁgfgfﬁﬁﬁ%a%%ﬁéﬂ%a{% hg cx)ndadf% ci% ,mogr'?éctg%ao r%:]ore images of the
package at a desiretpresidutioinese fikiainedihethe dahagieg pevimeingodulesegd passed on to the

image enhancement - ot_cljéJle 1003. In various embodiments, this module operates to process these

. segmen . . . . . . . . .
images to compen@ate or tie amount of rotation from ideal 15registration (i.e. registration with the
edges of the surface 1@%birtherdpiiiorrindedioaracoy mennversioe ok WahEnsas $ikee tracking

module. As i knguis i i3t HiSEARIRE @eRIaNEA IauORy ik @xamAgRIERAMBINg stage. In

typical applications, this resampling stage does not re%wre any more than a bilinear interpolation

between pixels. SOREPEEIREIFHIPNTe R RIRRREORSSHIRDARTERESY RERE: S ME dHIssHiRTents employ
other image enhgRCeMeRLRIDSLSS NAHaGHRMIUES dRot Gvide @ bighojualitdoagelte diehnecognition

module 1004 for, for example, accygé%é)QR. D%Fegdin oré t&g %JSnggga rmlaanc%%hieved, a further
segmentation mSARRPIEDGH SR SRR S XS A EhE: ShtEmodtife. The typical image

e’énhance
25analysis technigigatwilldaake! deartainveibenlgiass v ptiorswegebrhimgitbdspubinage. Some of

these assumptions misgr_ t%)%e a}{&gﬁ&r}fﬁt&ﬁi}%@gg %%gtoq;g}péi%%q}g%igﬁﬂ%%and some others might

require a it bit SRR einp S Is wherte preprocessing typically comes into play. As a
general rule, the objectIcheapiepusciitsinepatagicil Yo e Asph asEzeoBr EON ReesE SR of an image

while 30 damping, Jygleyan8uARSIAPIG:ANEs helgenaticmlingo critamiuthasgarlysis of the

image's content. re are numerous types of processing known in the art that may share such an
objective. Some heh ghissssiiigaypesieiebnipy i At ERRPEIE RIS APFHF Witkth one of the
following major catagariesiEoTRNRLIBeRs:ineaa filess Amesbelagieabionage (weeessing, or
mage segrri}g: ntaggsr;') or sharpening (high-pass) the image. Gradients end differentiators used for
edge detection are another commonly used type of bigh-pass linear filters.
Performing a brute force 212 convolution can be a computationally expensive
proposition. Indeed if the filter kernel M is & square image counting N rows and N
columns, processing a single input pixel through the kernel will require N
20  operations. One way to overcome this prohibitive scaling is to use what are .
sometimes referred to as separable filters. Those are filters for which the kernel M is
an outer-product of two vectors: 1.e. M=UVY, where U and V are vectors of length
N,
With such a choice for the filter, the sliding correlation with the matrix M
95 gver the entire image can be expressed as the cascade of two 1D filtering stages over
the two dimensions (hotizontal and vertical) of the image. The elements of the
veotor V are the impulse response of the 1D filtering stage we first apply to ¢ac;h
row and the elements of the vectar U are the impulse response of the 1D filtering
stage we subsequently apply to each column. Each 1D filtering stage involves N
30  operations per pixel and therefore, the entire sliding correlation with the matrix M

involves only 2N operations (as opposed to N if the filier were not separable).
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Color manipulations include grayseale conversion from a color image, color depth reduction,
thresholding (to a binary image for instance), brightness and contrast modifications, color clipping,
negation and many others. In such processes, the color value of an output pixel is a direct function of
the input coI&@&“ﬁ%ﬂgf’fﬂﬁt same pixel and some global parameters. In sé’@é"é%zs‘%%’?’%ﬁ%%e global
parameters might be derived from an overall analysis of the input image but once chosen they
10remain the same during the processing of all pixels in the image. Linear image filters can
Wypically be seen as a capvalition hetess. a NNLITAS, A0 ANBEd el prgaller) image that'

sometime referred to as & kernel. Their o jective I5 to reveal certain spatial frequency components of
the image while sersphilitotiahsirkesehSdtscorhfroniefec thabBe medydf BiRSEBRIFNg (low-pass)
or sharpening (highrpass).theimags. Gradiessancdifiarosiiaterapysed for edaaulelesticn are another

commonly used type of high-pass linear filters. ﬁerformlng a brute forceg%%I convolutioln can be a
computationally E)g6arisias Mo Siforteerbera i a0d M ketHETRAEEE ol F55% %8nting N rows
and N columns, pOREsSING AcsigledhRUs R Xel hreugthiiguse inehwilbreguiredd Adapeastions. One
way to overcome this prohibitive scaling is_ to use what are sometimes referred to eparable filters.
Those are filtersthﬁ!ﬁ?mﬁh%cﬁgﬁ?é‘?ﬁ OB CBY é’r?pfr?cl)ttgﬂc os? s el u‘%g@g where U and V

HWo vectors: 1.e.
~ are vectors of lengih:Mly\Wéitbsme aighoickddethefitteticthefshdikgredrrelation with the matrix M

2Bover he entite mad o be IESSEAAP L £OPCARINR D S O SRaoD OvBrale (wo
a

dimensions (horizontal and vortica image. The elements of the vector V are the impulse

response of the IBefitericigratagdaidlitsrigpihy orsachnowhese s ERaiaird oF #resBLEst U are the
mpue response of 100, U108 S1AGR We.HASSAUETINY AR IRBECRRIUIR. FRAFRAD fitring
i

stage involves N 30operations per pixel and therefore, the entire slidin correlatioaj\e/giftﬁ\ the matrix M

involves only 2N mspsistetiohihereb girosaieh aub ks Tiler e Futcaparapeyses 'k

e most
common separafeﬂ—{%gllé%@-!}&%@%?ma@mgﬁaﬁﬁmyﬁh@pemambHﬁgammsehsﬂ@mmaus out from
the fact that the product of two Gaussians is agso_ a Gaussian, Note that th‘i Ssu%rsr%%ffglﬁnpique can be
applied for separtiBfe ReH-RIPINAIORCRBY LS FAFETPE THENEAETS BHRHR have ditterent lengths). In
cases where 5the-kennelis-pohse padablecdnirmayrusttie chmiguesikitown intthelariodapproximate
the kernel as a combination of se%iarable filtering stages. These techniques will typically perform an

eigenvalue HecoMBEERaR BF Rdkernel.

Morphological image processing is a type of processing in which the spatial
form or structure of objsets within an image are modified. Dilation (objects grow
uniformly), erosion (objects shrink uniformly) and skeletonization (objects are
reduced to “stick figures™) are three fundamental morphological operations,

20  Typically, these operations are performed over binary images for which there is a
clear concept of presence and absence of an object at every pixel position but these
concepts have also been extended to grayscale images.

Binary image morphological operations are based on the concept of
connectivity between pixels of the same class. From an implementation point of

95 view, these operations typically consist of a few iterations through a set of hit or
miss transformations. A hit or miss transformation is effectively a binary pattern
lookup table. While a linear filter would apply a fixed linear combination of the
input in order to set the output value of a pixel, this process will set a pixel to either
1 or O depending on whether its surrounding pattern is found in the table or not

30 (Hence the terms “hit or miss™). Depending on the lookup table, this can effectively

implement a highly non-linear operation.
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Other noteworthy special cases of separable linear filters are filters for which the kernel matrix is filled
with the same value. These are effectively low pass filters 10that average all pixel values over a

rectangular neighborhood centered on the pixel position. Although they Mig"ht exhibit less than ideal
frequency reBSbHYEL &) have the great advantage of being computatioftaily CHESH ¥ Hidted

regardless of the kernel size, their computation consists of simple running sums performed
subsequently over the horizontal and vertical direction of the image, requiring a total of only 4

150perations per pixel. Morphological image processing is a type of processing in, which the spatial
form or structure of obm%ﬁ?ﬁiﬁ%ﬁ‘%%@’élﬁ eSS HHas OB TAAB A aBTdL %ﬁ&&%?ﬁf%@&, erosion
(objects shrink wiitormby).andskelaonizatiod (Ehjectsade Fesioan il stisicdiburedijant three
fundamental moyphological operations,.20Typically, these operations are pekform r binary
images for whicrﬂgﬁ%‘? %I e e%ergggﬁ%‘g}?tnos%gre n)éhc’p’ m%ng SM%B% H?%ﬁa %stﬁ g%saaﬁgogﬁ%n?

ésence’and absence 0 Bvery pixel position
but these concepisihgve lalsdibgédemtifendetdagniragsaiisdirdeesnts pedimaryomaenidrphological

operations aPre bl%%?% o heen%%%ept of connectivity between pixels of the same class. From an

implementation polift of 25view, these operations typically consist of a few iteratigns through a set of
hit or miss transformatireensraitenmibis rrssrommtRss e arlurel vassHfisrHIBSkup table.

While a linear filigr wopldapply a&dixgd h%@%%%mmmﬁ{@m.ﬂﬁﬁié@mmr@l@mmam output value

of a pixel, this process will set a pixel to either 1 or 0 dependinig on whether its %urrounding pattern is

found in the tablEnsERstEbEchuc REdRTaithirgH ALY eissidnG SHEh& T8k table, this can
effectively impleragphaghighhnneptlineaneperaéiapmogendonagdtsegipantatiominicerdéspe division of
cludo at 16bet SHRTHEER SRR BT Sag T s B e e
aiming to localizepjtientifyomneecegnizengraphidabbtermbmsparforfitsomedsmref Saiage
o o SRS B s BrReger JAkSRBisa Rl lipledam aigasifioation of phel
- positions based Sa Toca Brapﬁlca measure. This graphical measure is the
process should aim to reveal regions or blobs that exhibit rather simple interiors
without too many small holes. _
15 The nature of the chosen graphical attribute depends entirely on the
application and the type of blobs one is trying to isolate. For example, segmenting
an image into text versus non-text regions will require some sort of texture attribute
while segmenting light versus dark areas will only require color intensity ag an
attribute. |
20 Onee the chosen attribute bas been computed throughout the image, the
remainder of the segmentation process will typically use an ad-hoc algorithm. One
of the most intuitive techniques is sometimes reforred to a region growing and its
recursive nature is very similar in spirit to a floodfil] algorithm, More sophisticated
techniques implement clustering processes using classical iterative algorithms
25  known in the art such as k-means or ISODATA.
In some applications, it may be necessary to increase the resolution of the
captured image or images, In some embodiments, resolution of the image may be
increased using a technique know as superresolution. The Nyquist sampling
criterion requires that the sampling frequency should be at least double for the
30  highest frequency of the signal or image features one wishes to resolve. For a given

image module 1001 focal length, this typically implies that the smallest optical



image attribute that should be fairly uniform over a region, In other words, the resulting regions or

blobs should be homogeneous with respect to some local image 10characteristic. This local measure

may simply consist of the pixel's color but some applications may require more sof%histicated
y

measures ofMRAGE e ocal texture around that pixel position. It is also’generally understood that a

setpnentation process should aim to reveal regions or blobs that exhibit rather simple interiors without
too many small holes. 15The nature of the chosen graphical attribute depends entirely on the

application and the type of blobs one is.trying to isolate, For.example ne ergt image into text
Versus non-textﬁ‘;@b‘l‘g‘?}%%ﬁla{leﬁﬁ?r °s%fmé%s"6e?tbo T@)%&egé}éat r?bﬂlt)ée%/vrm%gge%g%é%t}ng ight versus dark
areas will only regiisire soelr CiiEHs)hyeaddivattribute. 200nce the chosen attribute has been computed

throughout the image, Ahgogglqg&%%%gu% &, SsImenRUionprases s willi DRI calbs esAMpE-hoc
|

algorithm. One of the most intuitive techniques i1s sometimes referred to a region growing and its

recursive naturecigivesy oSithitarinespivetsrarmbeiyAinent P aiBretisspNaria e EBMH Gues
implement glustgring ERCeRRRRUBINEAIARSICRIHIETaiva GlaoRihms: ek BoviigRHirqitstich as

k-means or ISODATA. In"some aﬁplicatlons,_ it may be necessary to incr?ase th? r(?solution of the
n

captured image BrIRHaGES, T 8BIFR- dRbbHIHHE PRSI ARdN ISR S S HRHH

Géased using a
technique knOW&EMG&E%@LBIBAmpT&@c&JHWSU@amﬁHrﬂ@&itﬁrdbmmﬂi;ra@ thasdhglsdaling
frequency should be at least double. for the 30highest frequency of the sj Q% imags features one
wishes to resol\/@?%fl’élb%(-?ﬁ“iﬁi‘é&ﬁﬁgﬁ?ﬂ%g %?[S%tcogl e%létsha,x‘tﬁ% %ﬁﬁéa 'I?%%p%% that the smallest
optical feature effetaslrasabeasitnevephesridiesirehwipibonempira sty dedsor's (e.g.
CCD's) resolutign. _~_A.common practice to Quercome this heaseticaldimitis do.cemping multiple
captures o?%e%‘gﬁ% %B}%é?rfr%nr%gslfaﬁt]g% erejﬁt{ perspectives. While each capture 5suffers from
Nyquist's limit thexafiapin, ttegethbof amgn matiesswbHut higher frequency

Once an zm&ge has been processed by the image enhancement module 1003,
it is passed on to the recognition module 1004. The recogmitioﬁ module operates to
derive information from, for example, labels or printed markings on the object using

15  e.g, OCR. While it is to be understood thet any suitable OCR technique or tool may
be used, in the following several exemplary OCR techniques will be described.

Various embodiments provide the ability to isolate text within a provided
image and to turn it reliably into text, €.g., ASCII codes. A goal of OCRis to
recognize machine printed text using, €.g., 8 single font of a single size or even

20  rulti-font text having a range of character sizes.

Some OCR techniques exploit the regularity of spatial patterns. Techniques
like template matching use the shape of single-font characters to locate them in
textual images. Other techniques do not rely solely on the spatial patterns but instead
characterize the structure of characters based on the strokes used to generate them.

95  Despite the considerable variety in the techniques employed, many suitable OCR
systems share a similar set of processing stages.

One OCR stage may include extraction of the character regions from an
image: This stage will typically use ancillary information known in order to seiect
image properties that are sufficiently different for the text regions and the

30 background regions as the basis for distinguishing one from the other. One common

technique when the background is a known solid color (white for instance) is to

22



sampling of the object. The key to this process is the ability to align these multiple captures with
sub-sample accuracy. Once the individual captures are up-sampled and aligned, they can carefully
averaged based on their sampling phase. This process effectively re-constructs a of the object
with higher SXMpifRG #eYuency, and 10hence a higher image resolution. {’éréﬁo‘?@%ﬁh techniques
are known from, for example, the field of image processing. Once an image has been processed
by the image enhancement module 1003, it is passed on to the recognition module 1004. The

recognition module operates to derive information from, for example, labels or pri Lﬁq @ngings on the
object using 1Sé@?%yd@’ﬂ?Wéﬁ%gﬂt?ﬁgsbﬁ%&g (I){%)r(;gt i3 Tgnm)/s'sui};l%lfzegg%%g?goé%lque or tool may be
used_, in the foI_Iqm@n-g_ m@ﬂatlmxm@_lﬁzy@mmwmﬁqbesmgtm@rd@scribed. Various embodiments
provide the ability 1o isglate el itjn.2 pLovidsshimage ANIA b uslphiio s €0, ASCI

codes. A goal of OCR 1§10 recognize machine printed text using, e.g., a single font of a single size or
even 90multi-foratigrdadin@aceangeididcwihtmessizsens e e fethifeR ekibisit the regularity

of spatial pajterns, Technighes Al ISDRALS Matshig usehasshane.ohsinglenfoptsbaracters to locate
them in textual images. Other téchniques do not rely solely on the spatial patterns bLl!lt instead
TR

characterize thebsggiradol bR aHEPRBOESAcRTHE WO RS 1S A4S M-25Despite the

considerable vagglysinithg.tachmickies.eropayad gy SkuisdhigQGRitysydmedhdgedeaimilar set of
processing stages. One OCR stage may include extractign of the char r.regi om an image:
This stage will typfcIRF G AEHEAF ton &%8‘\}\/%%?‘21&%‘& %’%‘Zﬁ%@?ﬁgégﬂ Eeg%ig)s that are
sufficiently differgatfgitbendert sagionsashridddi®i80 background regions as the basis for distinguishing

one ffom the other. Ong commapeGNIGUS WA S RASKSHAHBELIS kg splidgeolor (it for

instance) id
segments resulting from segmentation may contain some pixels identified as

belonging to the wrong group. This stage consists of a variety of technigques used to
clean it up and delete noise.
Yet anther OCR stage may include segmentation of characters: Some

15 techniques will subsequently segment the input image into regions that contain
individual characters but other algorithms will avoid this stage and proceed with
character recognition without prior character segmentation. This latter technique is
driven by the realization that in many cases character segmentation tums outfo be a
more difficult problem than recognition itself.

20 Some OCR stages include normalization of character size: Once the image is
segmented into characters, one may adjust the size of the character regions so that
the following stages can assume a standard character size, Systems that rely on size-
independent topological features for their character reco gnition stages might not
require such normalization.

25 OCR systems typically include feature detection: Many different feature
detection techniques are known in the art. Some template matching is used to find.
the whole character as a feature, while other systems seck sub features of the
characters. These may include boundary outlines, the character skeleton or medial
axis, the Fourier or Wavelet coefficients of the spatial pattern, various spatial

30  moments and topological properties such as the number of holes in a pattern.
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apply iterative dichotomies based on color histograms. Other techniques might make use of known
character sizes or other spatial arrangements. Another OCR stage may include segmentation of the
image Into text and background. Once provided with image regions that contain text the %oal of this

Sstage is to YEhHISPIAGE pixels that belong to text and those that belond o' tH&*BEAE§¥lnd. The

most common technique used here is a threshold applied to the grayscale image. The threshold value
may be fixed using ancillary knowledge about the application or by using measures calculated in the

neighborhood of each Jil O ASIEINIAEANSIANIS losal eSOl AgAnAIE: QR stage may

include conditioning of the Tmage: segments restlting from segm ntation may contain
some pixels iderniifistas Walenpinperoeheewropighouporrdesttored bhdisteyre VarletPbf techniques

used to clean It g, 06l elele DQISE( el aaeRACR:SAGE B AU searpERtaianiol characters.

Some 15techniques will subsequen%g‘egmpnt the input image into regions, thaf contain individual
characters but ohseFigigoFteASnilcARSIENETE SPGB EHINS BEERTARIR RRRAR Y8 gnition without

prior character sggreeRiation. sThisiatarieciniauededuvendydnn realigtiandbatdh many cases
character segmentatjon turns out to be a more %ffjcgjr’ll’tﬁirobcle iﬁg%nc 2iescr:s1 nigﬁ{é igself. 20Some OCR
stages include nBARHE BN G aFRAT EIoR HREPHEHISE id into characters, one may

18
segmente
adjust the size ofghpehireaaitidedioBugs thaisthe fdbondagsageisboaivalsspamieeistanttasd character
size, Systems that%eIXlF%g Si e-iﬂ?ependent topological features for their character recognition stages

BRHOM |

might not requirea’% RaliZ4tion. 250CR systems typically include feature detection: Many

different feature detectimn tentfvgiesstrgsimowtedgaiaboatts onnswtethpsiatlt ihusehisghsdiséd to find the
whole char?&ter &3 %éggﬁ%ggﬁ %gﬁ\:lﬁ Q&Qﬁgt§¥§{@%§}§¢e&lﬁ§g&f%gprg%m Iherrhataciers. These may
S, thec

include boundary outlinés, the character skeleton or medial axis, the Fourier or Wavelet coefficients of
the spatial pattennshdesanfipanalBomememeshy s SRS pSEELEREH HEME  mber of holes

in a pattern. match some external source of information (e.g. if eity information and zip code
information in a U.8. postal address match), This stage is obviously application
dependent. _
1% In various embodiments, the recognition module 1004 may employ any of
the above described techniques, alene or in combination.

Recognition of handwritten characters (sometimes referred to as ICR) may,
in some applications, be more challenging. In the context of applications such as
tablet computers or PDA, the ICR engine will often take advantage of pen stroke

20 dynamics. Of course this type of information is not available from the optical
capture of & band-writien dogument. Such applications may require the system to be
cestrioted to & smaller number of permissible characters (e.g. upper caps or numeral)
and/or rely heavily on a small lexicon

For example, when text is handwritten in eursive it is often aifficult to

25  segment each letter separately so rather than operating as as aptical character
recognition, an ICR system will often operate as 2 “Word recognizer”, looking to the
best match between the graphical object and a small lexicon of recognizable words.
In order to achieve a satisfactory recognition rate, this lexicon might need to be as

small ag 10 words or 50,



A classification stage may be used to assign, to a character region, the character whose properties
best match the properties stored in the feature vector of the region. Some systems use structural
classifiers consisting of a set of tests and heuristics based on the designer's understanding of
character forthaf8H/ S Sclassifiers take a statistical rather than structdfal A5pEAEH elying on a
set of training samples and using statistical techniques to build a classifier. These approaches include
the Bayes decision rule, nearest neighbor lookups, decision trees, and neural networks. In a

verification stage knowledge Ay g SREiRAERILIBLSBELIPGERGSIAOHg moognized text s

consistent with the expecte T, S verlﬁcatl n may include confirming that'the extracted words
are found in a dibtisersed or Rl todherabpidedddmardotiias b IFETRACIERI city
information and gipycode inferraationifabkSrResal adakRss eatehtdiisstage nabviaysly |
application dependent. 15In various embodiments, the recoq}nition module 1004 may employ any of

the above describeiBRh{GEeABES SHIF SERRBTF AN PRESHEhTRTR DA Riwritten characters
(sometimes seferred toxsiHaifpayeinRomeranplicationsxbenoteehafienginghim the context of

applications suclé §§é%%§%§%@%ﬂ4%ﬁ?&%%«%ﬁé@ﬁ&cF{‘ﬁ@b@%% &%%%%%E n% antage of pen stroke

20dynamics. Of ion‘is’not avail rom the optical capture of a
hand-written docpissisit: Bush aeslicationssmaljerébarire dhdiaystefor thblensmeeasdaeda smaller number

of permissible charactelggr%‘e\l}v% éﬂg)&g@ﬁg@g &rﬂgmgrﬁ)ad@i?f%%ﬁ%jgagﬁg\@yaqﬂaﬁ simall;lexicon For

example, when text is han h'in cursive it IS often 25segment each letter separately so
rather than operé&tirigells arcbpivelyl bightnstayctured a document. This is why the USPS can OCR

10 alarge part of the machinable mail pieces even when address are hand-written.
In typical embodiments, a proper usage of OCR should take into account
some typical shortcomings. Generality must be considered versus accuracy. A
single classifier might be trained to get improved results in limited circumstances
(a single font for instance) but its performance will typically drop when the size of
15 its training set increases. Consequently, modemn elassifiers are in fact conglomerates
of classifiers coupled with a mechanism to consolidate their results. This in turn wiil
tend to further increase the already substantial computational requirements of the
system if it is intended to cope with a large variety of fonts,
Non uniform backgrounds may present challenges, OCR algorithms
20 typically take advantage of the fact that the text is preéented on & uniform
background that has sufficiently high contrast between text and background colors.
When the background is not uniform, OCR recognition rates are substantially
decreased. In those cases and in order to remove a non-uniform background from
the image, additional preprocessing stages might be required prior to the various
25  ones we've presented above.
Image resotution should be considered. OCR technologies were developed
within the context of scanned physical documents, Although optical scanning might
Jead to various artifacts such as noise and slight skewing, these will also typically
operate at higher image resolutions (< 200dpi). As discussed above, imaging
30  module 1001 may provide images at such resolutions, ¢.g. by employing digital

cameras known in the art.
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recognition, an ICR system will often operate as a "Word recognizer", looking to the best match
between the graphical object and a small lexicon of recognizable words. In order to achieve a
satisfactory recognition rate, this lexicon might need to be as small as 10 words or so. In various

embodiment® 8P Y ¥hance of an OCR system may be increased by Sgetiaiztiy i tHe task at

hand by restricting its lexicon or dictionary so that it can effectively recover from few character
recognition errors the same way a computer (e.g. running a word processor) might be able to correct a

typo. 5Maintaining a regtricted and dynamic lexicon is more effe tive_vgh L dacument as a rigid and
known structure. Witho%ftoga%ﬁlz e ur%lwarln}“@% Not be phgrsns?t%lg%()l rllfslé %g%&c%n ;tnﬁsn%lgller than a
dictionary for the:telaguageiatidnbby theRoni atebheasrstronlinientilyviks-alp adtirgss appearing on a

mail piece is typigally ALEANGLDIGN AFUAERS dopmERm IR IS Wi bE R Sean OCR 102

large part of the machinable mail pieces even when address are hand-written. In typical
embodiments, agskbipenalserssiOE R bstserdd 1egdéthto account some typical shortcomings. Generality

must be congidered Veﬁg?@%{ﬁ%@&tﬁﬁéﬂﬂq@i Assianighinetaiedig-gebmproved results in
limited circumstances (a single font for instance) but its performance will 1typicalill%/%)drig when the size

of 15its training S8fqHBreM &Y dH8edie R IINGARIH S8 SERUTECFRAR At BY i

hietates of
classifiers coupled witlRe e ehanismimtansolidosediiaid fesultsbdbisdnntarking| deticbto further

increase the already substantial utational require ts of the system if | i@'gtﬁﬁ]_ {%d to cope with
a large variety OP%%@.& I‘\'ﬁ}ﬁ%ﬁ éﬁbg&%@lﬁ)uﬁﬁé%gﬁ%f@pggggﬁt C g’l?eﬁégegsﬂ%}él? gé\lgortlgthms. 20typically
take advantage ef¢hefastathaddtifecidsapee pbriababmalmifomuize Rgrsgpd itattiEssufficiently high

contrast befyyeen foxt and backarauiad£oloraWhsnIIR PackaruKkis ARkl iU, OCR recogniton

rates are substantially hose cases and in order to remove a non-uniform background
from the image, additiohdbpreproctteing seige Orfgistaesrd Qmtan Bricreme 64868 250nes we've
presented above, ... Jmage reslutign.should heisonsidesadbQGRrisahaolagies: Wese. developed

within the context of scanned physical documents. AJthou h optical scanningq%iggg lead to various

artifacts such asoI8EaherERABs AN tRabLWildestipivssy document

passports, driver licenses, credit cards, coupons, tickets, etc. Simply placing the

15  document anywhere on the receiving surface 104 will trigger a read and document
analysis. Form capture is also supported with the ability to allow customers to, for
example, present completed forms for immediate OCR results available to the postal
clerk. Clertain forms such as customs declarations can be handled much more

efficiently with this facility.
Dimension Capture Function

In typical applications, accurately determining the dimensions of a package

at enroliment may be crucial for determining, for example, the rate of post&gc. For
25  example, postal rates may depend on an objects length, width, height, and/or
combinations thereof. '

As noted above, during image acquisition and processing, oneg or more
dimensions of a package placed on an enrollment device may be determined. For
example, Fig. 4¢ shows an output display of an exemplary embodiment of an

30 emrollment device 100, The display shows the captured image 401 of a package, a
difference image 402, and a Hough plane image 403 generated using the techniques

deseribed above. As indicated in the captured image 401, the system has
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operate at higher image resolutions (< 200dpi). As discussed above, imaging 30module 1001 may
provide images at such resolutions, e.g. by employing digital cameras known in the art.. - Most mail

pieces will already convey some machine-readable data (e.g. bar codes, pgsta rk. %5) the time it
reaches an éﬁ?o?%?é‘ﬂf)ﬁgg/ice. In various embodiments, the enroliment de%ggéur%@y&f%% %ese

markings using OCR, or using additional sensors (e.g. a barcode reader). 5Fig, 4d shows the output .
display of an exemplary embodiment of an enrollment device 100. The display shows the captured

image of a package placed.gn th vice, along with informati QUi ramdahels apd markings on
the package usil ?h%f‘?@@ﬁgt%%}%‘?gu&eg%%%%eﬁ {a %35@%%%%@&% |§ng§r¥t was -able to accommodate
OCR of packagesipiadie devire &risitrauiptangieostové teimgtb b cddb P B sfpgsr example, the

otation colrection techpiqes ipgcriher! ARUEured IRRERCRAIRINAYaHSIAg QHERfisdpassed on for

for example, address quality, meter enforcement, value added service sutg‘%/stems and operator input.

In some emboditA@nteentiy DCRABIHP IR D ERBNS RN FERICTR Al HertS & %Cp%@ St driver

licenses, cradit Gards GouUPARSediskeis.@ies Simialwalasing tbrdbrlosiment anywherssentthe receiving
surface 104 will trigger a read and document analysis. FOP%E ca?turebics) | 9 Séﬁg‘?ﬁ’%gfi%th the ability
to allow customeraetEs oY EhaiRm3le 215 BES SISt fa TS fh Aradiate’ GCR results available to

the postal clerk. Gentai it Frsteuagieystonedeotinationboanib&igandidd.thech more efficiently

with this facility. 20 Dimension Capture Function in typi licati rately. dgtermining the
dimensions of a FABRANFLIHHFEIfIHEAT rgﬁgy‘/’r rfe%og%é)g%fl gr%fe@é%ﬁ%?n%%%%%? g?<ra(;é:ni1:ql le, %{:e rate of

postage. For 25exanele; pestaeiatessmicdepbnOurrdreoiiecel Wrehia anseRaisht shd/or
CombmatIOPg th%&)%%feﬂ rangefinders is that it is able to unambiguously detect optically transparent

surfaces (e.g. the glass surface 104 of Figs. la-1c).

It is to be understood that, in various embodiments, other suitable dimension
capture techniques may be used. Some embodiments may employ other types of
rangefinders (e.g. optical sensors). In some embodiments, the top (or other) surface

15  ofa package may be located mechanically by bringing 2 sliding arm or a user held
wand in contact with the surface package, and detecting the position of the arm or
wand. In some embodiments, more than two dimensions of the package may be
determined based on captured image data, for example, by stereoscopically imaging
the object from multiple perspectiveé.

20 Although the examples above generally include dimension capture of

rectangular objects, it is to be understood that the techniques described above can be

extended to objects of any arbitrary shape.

RFID Function
25
If an item has an RFID tag it will be detected and read by an RFID peripheral
attached to or integrated with the enrollment device 100 The acquired data is then

available for further processing and/or output to downstream applications.
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As noted above, during image acquisition and processing, one or more dimensions of a package
placed on an enrollment device may be determined. For example, Fig. 4e shows an output display of

an exemplary embodiment of an 30enroliment device 100. The display s %i ) s;d image 401
of a packagé‘a HirsEe image 402, and a Hough plane image 403 ger?)e%rﬁ{ej %%gﬂg tt;ge techniques
described above. As indicated in the captured image 401, the system has WO
2009/070696PCT/US2008/084897 successfully identified the edges of the face of the object imaged

by the device, This aIJ Wy, &Qg é;j%% calgylate and output the length and width of the package.
The height dime%g}i%englfs ‘%aptu?e?d usin)g', for example, ultrasonic range finder 122, thereby providing

complete dimensional information. An ultrasonic transducer 5emits sound waves and receives sound

waves reflected by objagts; iis.2nutonmentirbeéeceived signalsase prosssisddfo provide
information about the spatial location of the objects. For example,.in th{e er’gbodimeqt shown in Figs.
F}h&gfi 1001

la-Ic, the rangefFiIEHER AaiRtaifnt & thBATEEEAPE CLBER'S blgosrﬁlr?ace of the package 106 relative
to the receiving syfacedadmans advantageiotisslagsahic sangefinceghavemi@aptical rangefinders is

that it is able to unambiguously detec jcally transpar (L. rface 104 of
Figs. la-lc). It is t%'aé’glﬁ??dg?&é}é%{a Cg[(f%a%}és%m gd?n%ﬁ%ﬁ%%‘ﬁg}%t%;%%%ﬁg?gon capture
techniques may eigsechaSome fmihdeimenessaiy ehiplesnoiiiérl &ypéelss paAgéfineiarsge.g. optical

sensors). In sorte embodiments, e Jop. (9% AINGYSWIASS 1504 haskang Baybedacated

mechanically by Brrlngln a sliding arni or a user held wand in contact with the surface package, and

detecting the positicm dfthe shewomviasae pf Ssrrckashoanssril ARPEtdAwo 8ili®nsions of the
package be determingdhaseda ARkAR INMage:tassiDlgramaplackyrstareasitopically imaging
the object from multiple perspectives. 20Althqugh the exaTg%%tg%gX% Igg(&%{a% éri't%%gle dimension
capture of shown in deta1! in Fig. 14b, for editing the capture g
data. Once all relevant information about the package has been captured and
confirmed or otherwise entered, a further screen 1401¢ presents various delivery
service options.
15 In some embodiments an expert system employing “backward chaining”
fogic may be employed to receive and analyze the wealth of information coming
from the enrolment device. As is known in the art, in typical applications, backward
chaining starts with a list of goals (or a hypothesis) and works backwards from the
consequent to the antecedent to see i¥ there is data available that will support any of
20 these consequents. An inference engine using backward chaining would search the
inference rules until it finds one which has a consequent (Then clause) that matches
a desired goal. If the antscedent (If clause) of that rule is not known to be true, then
it is added to the list of goals (in order for your goal to be confirmed you must also
provide data that confirms this new rule),
25 The system can use such techniques to generate multiple service options
based on the captured information and/or user requirements. As shown in Fig, 15a,
15h, and 15¢, these options may be organized and presented (e.g. to a customer or
salesperson) in a convenient fashion using, for example, a touch screen interface.
Figure 16 shows another example of a sequence of GUI screens.
30 In some embodiments, USB and Ethernet connections will be provided.
Some embodiments will include additional USB, keyboard, and display connections.

In some embodiments the firmware/software will support Simple Object Access
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rectangular objects, it is to be understood that the techniques described above can be extended to
objects of any arbitrary shape. RFID Function 25 If an item has an RFID tag it will be detected and
read by an RFID erigheral attached to or integrated with the enroliment device 100. The acquired
data is then }M&ﬂ&ﬁ(& f8rFurther processing and/or output to downstream 5‘5%@5%‘8%@.489\70
2009/070696PCTIUS2008/084897 Processing and User Interface Functions As discussed above,
the enrollment device may process the myriad of captured data related to a package and output

relevant information to g user. In Ssome embodiments, info ion is.displayed to a user through an
interactive grapl%’i%?ﬁ@ qﬂ?&ﬁﬁ&% ﬁ?'ggF e 5?5?‘302 é%@q‘ré&?g. ﬂfyﬁ tﬁgl%%%rrnﬁ%sy navigate
back and forth tIwﬂugima)ﬁerM&_’mSsnrae@iﬂg@ﬂgnﬁmmmﬂdrﬁﬂ@mmﬁﬁﬁ@ﬁf@r example, a mouse,
keyboard, or touch screen device b%%ﬁgﬁgg}g&%ﬁﬂ,%&ﬁ&ﬁ%%ﬂ%ﬁﬁ@f@rﬁﬂQﬂﬁﬁ&m@g@19,1: the package

along with captured data. The usér 10may conflini the capt red information and/or choose to proceed
to screen 1401 bcstiangd in detsiti g (o s, deckumm dariec Rt utiara e snarye 48aifgPddditional

data. Once gll releyant infgupalion abouhing,pagkagr:nas baelaptsadand sanfsmed or otherwise

entered, a fUrthqr screen T401c presents varigus delivery service gptions. 15In some embodiments an
expert system ety I‘Eﬁbﬁﬁfﬁsﬁ’éﬁ%‘?ﬁﬂ‘}aﬁﬁ’g‘f&tﬁfﬁﬁg’%@ﬁi%ﬁﬁl%l‘ré@éwgtﬁﬁﬁfl alyze the
wealth of informagioR-geRingfemithe tBeyobnant waviascAtisikosislardhaddiaiieypical applications,

backward chaining starts with a list of goals (or a hypothesis).and works kwards from the
consequent to tEIERE é’@mﬁ:’[ %gégqﬁﬂ?é%‘gfzsw 5@%%&5%%%%5 Wil gﬁi éﬁ?gg%%%/;%} gg%hese
consequents. AriiffeianestEniginaukingakekwart] draibiepwonitweers iitrstititeitnds rules until it

finds one which ha%o %oggﬁ&%%r% E@eﬁn d?rlgt#?%%% ,tggligg &g%j{g‘g{igg%pggggaﬁg]tecedent (If

clause) of at rdi® i ot khown e true, nitis added to the list of goals (in order for your goal to
be confirmed youonusstaisoproviiesdatdeiing etrifknshRarsidiayepbies S8y 863ah use such

techniques to geﬁﬁfgt%ﬁ?féﬁi Pl SEHYISS LRINSers, or even be specific to an individual customer.

Display and Contral Functions

15

In some embodiments, the main on-deviee control function is presented by

three OLED captioned buttons, The captions are dynamic and are managed by the
firmaware. An application programming interface (API) allows (posaibly external)
applications to contre] the buttons when the firmware is not using them.

20 Operationel, maintenance, and diagnestic functions are supported. If required, the
oxtension arm can have a display attached, for example, if requived by local

regulation,

Additional Features

25
Various embodiments include one or more of the following features:
. The embedded computing platform will have a PSD (Pastal Security
Device) built in. '
30 . The enrolment device will use available information (¢.g. from an intranet

or internet connection) to establish its location,



based on the captured information and/or user requirements. As shown in Fig. 15a, 15b, and 15c,
these options may be organized and presented (e.g. to a customer or salesperson) in a convenient

fashion usinglsé for example, a touch screen interface. Figure 16 shows anpgﬂﬁﬁmglg of a sequence

9
of GUI screeh. ZH1"46e embodiments, USE and Ethernet connections will bé provided. Some

embodiments will include additional USE, keyboard, and display connections. In some embodimentc
the firmware/software will support Simple Object Access Protocol/Service Oriented Architecture

Protocol (SOAP) calls. Some odiments will supp rt.a ti | d/or
n&emeeg é?%%%’,ﬁ%%s Wﬂ‘%&% sxx(ﬁ BRRULH UYL LAGHEer 30

maintenance facilities.” * ““If nts, an embedded computing platform, e.g. processor
114, contained in or perigihendl ¢onthe evmmiseent biswieratitityArnes rerripersrssiddSstand alone

postage meter, In some eﬁ?}ﬁ?};ﬂ%‘?%ﬁﬁ@ﬁ&%@}ﬁ@&%ﬁewce 100 brings an intelligent item assessment
capability to the corpora%e mail room. Ship )ers can be ‘assured that the serviceﬁ tgey require will be
correctly calculated andﬁmﬁ%ﬁﬁimm@(h&*im BRERSTEN B SHRAC SRR (R R RS

of service,
_Additionally5 in some ephegiments, the enrolment device will be able to communicate directly with the

10post office allowing billing directly from SAP, sale{?@nd markegn%guap ort ANLSonKE ient

automatic scheduling of kL SRERES 23K EE UL R SR & s iarm e apiaé%led to & subset of

customers, or even beispegifido swrndidduall tesigimearedisplay and Control Functions 15 In some
embodiments, the main on- |c&,en%%S %%S %l%ﬁacggot%]s&%@aﬁ%&g‘ Y {ueaOkLER caRlioged buttons, The

captions are dynamic A4 y IfFmware. application programming interface (API)
allows (possibly external)idppliedtibizs to control the buttons when the firniware is not using them,

200peratiqnal, maintengc, and dladnosisdRalifpaceis.svppariepliariLired, the extension am

can have a display attached, Tor examp e, if required by local regulation. Addiéional Features Various
embodiments include eriutmnatiediotersieslitiisraighrsgters will be supported. '

. Embedded wireless broadband will be available.
- Ability to read full size checks and bill payment forms.
- Ability to capture signed documents for onward processing or item
15 truncation.
- Extensive device support including but not limited to;
- Card Readers,
« Printers,
- Postal Label Printers,
20 : - Interactive Customer Display,
- Pin Input devices,
- Kevboards.

‘Exemplary Applications

Based on the ability to provide the general business benefits described above,
the devices techniques described have commercial applications in the following

market segments:

30 Managed Content |
The evolution of the letter stream as a facility to carry packets suitable for

delivery to unattended delivery points requires the addition of infrastructure



- The embedded computing platform will have a PSD (Postal Security Device) built in, 30- The
enrolment device will usc available information (e,g, from an in or internet connection) to establish its
location WO 2009/070696PCT/US2008/084897 - The embedded electrop%{)ygqtl&%\égg%secure "black
box" data re®StF&Y*BFAtfdit and control purposes. This capability can be remotely accessed (e.g. via
an intranet or internet connection). - Cryptographic capabilities consistent with export regulations will
be 5available. - User management and tokens will be supported. Departmental accounting is possible.

SAP codes will e, SHEPRIPLLr Pric ROt YRIRTSRIPAIAIONARY SRS p LT eaRufagring systems

will be available. oar es with remote access will be supported - Automatic integration

with dispatch ceritérsinfirbationsavies forEaisaea hnrsisbrrsRdhba APFBLSEDE. - Ability to
read full size chggcks, and billRaxment formsuiAPIEYa eaRiwWRIsigneskdastinenikifaramyard

rocessing or item 15truncation. - Extensive device support includi ut not limited.to:
P J work flow notifications, risk management, cﬁ? cenler nogzggagons, an con%%%ﬁal

5 deliveries will be required. In some embodiments, the enrollment device would be
located in locations such as pharmacies ot dedicated shipping centers where

prescriptions were being prepared for shipment to patients.

Postal Operators & Courier Companies:

19 - For the highly automated postal operators and courier companies, the
enrollment device provides automated “front end” data collection, leveraging their
exisﬁﬁg investment in systems and technology.

- For the low or non-autornated strata of postal operators and courier
companies, the enrollment device provides a low-cost sutomation solution for the

15 capture and management of shipment related information at their counter locations,
eliminating a range of papes-based processes and enabling integration with 3rd party

carriers and systems.

The Pharmaceutical Industry:
20 - The enrollment device provides the pharmaceutical industry with a means of

automating the Provenance and Chain of Custody aspects of their business.

Civil Defense:
- The enroliment device provides a mechanjsm for the mass distribution of

25  products and services with a clear Chain of Custody from point of Induection.

Goods Distribution Companies:
- Tt is anticipated that Goods Distribution companies will benefit from the
ability to use the enrollment device to manage and prepare their “one-to many”

30  shipments.
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- Card Readers, Printers, - Postal Label Printers, 20- Interactive Customer Display, - Pin Input devices,
- Keyboards. Exemplary Applications Based on the ability to provide the general business benefits

described above, the devices techniques described have commercial applicat ' g&gqollowing
market segrﬁ%‘ﬁ@.ﬁ%7?\ﬁ%ﬁr1aged Content The evolution of the letter strearrlcgJ @%g%%%my to carry packets

suitable for delivery to unattended delivery points requires the addition of infrastructure allowing that
activity. The enrolment of such items requires the ability to capture all of the information required for all

items to be sent througé; I!léhe mail %rgg'yrknp ﬁ%?twg'go PRV NAHEAddRd SRIMGESw ] baakility to tag items

: ) of . D
with services such as ¢old stréam, wo w notifications, risk management, call center notifications,

and conditional ﬁdﬂﬁmﬂ@@WiW%Wéqmﬁt@dwm&s@rﬁ‘éﬁé‘@fﬁoéﬁrﬁéﬁ&?iﬂﬁ‘g%?si?r‘ﬁgn} Hevice would be
ocated in ocatigns 6t phAERAGISS Ok esisaied ARG AR sisaNRIESaTBgonS were being

prepared for shipment to patients. Postal Operators & Courjer C_om%%nie(f: *10":5%[35}18 highly
automated postteichpisrstoiel laRinedhifier EBRTH RS FESToNFTRRT TR IRE préUHaES Butomated “front
end” data cgllecligg, /RuerAgiRg Rake finctions described herein and generate output

information. The output information is applied to one or more output devices such as

a display monitor. Each program may be implemented in a high level procedural or
object oriented programming language to communicate with a computer system.
Fowever, the programs can be implemented in assembly or machine language, if

10 desired. In eny case, the language can be a compiled or interpreted language.
Moreover, the program can run on dedicated integrated circuits preprogrammed for
that purpose. '

Each such computer program is preferably stored on a storage mecdium of
device (e.g., ROM or magnetic diskette) readable by a general or special purpose

15  programmable computer, for configuring and operating the computer when the .
storage media or device is read by the computer to perform the procedures deseribed
herein. The computer program can also reside in cache or main memory during
program execution. The analysis method can also be implemented as & computer-
readable storage medium, configured with 2 computer prograim, where the storage

70  medium so configured causes a computer to operate in a specific and predefined
manner to perform the functions described herein.

A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention.

25 As used herein the terms “light” and “optical” and related terms ave to be
understood to include electromagnetic radiation both within and outside of the
visible spectrum, including, for example, ultraviolet and infrared radiation.

The examples above refer to a package received by the enrollment device, It
is to be understood that sujtable ftem may be received and enrolled, including: mail

30 pieces, pharmaceutical items, evidentiary items, documents, containers of any type,

etc.
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existing investment in systems and technology. For the low or non-automated strata of postal
operators and courier companies, the enrollment device provides a low-cost automation solution for
the 15capture and management of shipment related information at their clp(ym%rzm%g&gg eliminating
a range of p&‘(&?%%@(ﬁg rocesses and enabling integration with 3rd party carriers and systems. The
Pharmaceutical Industry: The enrollment device provides the pharmaceutical industry with a means of
automating the Provenance and Chain of Custody aspects of their business. Civil Defense: The

envollment device provides o meehaniem (o (e mass dislyion gl 2Sredusia eabseices wih a

clear Chain of Custody o point 0 fduction. Goods Distribution Companies: It is anticipated that
Goods Distributiba eentphiés difisnefir iuwanthe of aebifelis ddermEOBRtIETEREREE 0 manage
and prepare their "%ﬂgétoi[}}ﬁ}éﬂﬁ%ﬁb}@%ﬁﬂﬁ%19{_}{@%&9@{%9@%@?@3%89@81936{8195{011 One or
more or any par(f thereof of the tec niques described above can be implemented in computer
hardware or soffiwaréhoimatesmphaaim §PBsth. The methods can be implemented in computer
programs u$ing standard programming techniques following the examples described herein. Program
code is applied to '
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5input data to perform the functions described herein and generate output information. The output
information is applied to one or more output devices such as a display monitor. Each program may be
implemented in a high level procedural or object oriented programming language to communicate with
a computer system. However, the programs can be implemented in assembly or machine language, if
10desired. In any case, the language can be a compiled or interpreted language. Moreover, the
program can run on dedicated integrated circuits @fefligiframmed for that purpose. Each such
computer program is preferably stored on a storage medium or device (e.g., ROM or magnetic
diskette) readable by a general or special purpose 15 programmable computer, for configuring and
operating the computer when the storage media or device is read by the computer to perform the
procedures described herein. The computer program can also reside in cache or main memory during
program execution. The analysis method can also be implemented as a computer-readable storage
medium, configlired with appamipster progiiam aphackeghelstedhpe 20:tedivmosticonfigired causes a
computer to opere%te in a sgeclfic a@rga rec%efinrfiesq manner to perform the functions described herein.

A number of eriBS4TRENTE SRS RVEntion have been described. Nevertheless, it will be understood
that various modificatibastatiaydre readeng twidcdeparting from the spirit and scope of the invention.

25As used herein the terms "light" and "optical" and related ter 0-he ynderstaod to include
electromagnetic radia%fglﬁak%%oﬂlﬁl%w‘ﬁﬁ' %g?le dutside Igfl%ﬁglé%gﬁe‘@pﬁ)}e%{ﬁu}mﬁ iing% Ing, for exgmple,
ultraviolet and ipfraratksadiatigit. signal helexénmpidstabueiehtfarthe paphbegeige received by the

enroliment device. It s, 19 be undersioodihatsuiiable dem.maxhelereied sagearelisd: including:
mail 30pieces, pharmﬁceuﬁga Items, ewaenﬁary Items, documents, containers of any type, etc. A
number of referehessnhbeedeen ingorporated in the current application. In the event that the definition

or meaning of any technical term found in the references, confligt }g'l Tth\%tl tg‘%ein, it is to be
understood that the meaningch’rm&l(t-:-‘?|Snl|It1|63;1%1 trr“L’t‘!SnI"Ill 8%15 3%%33551% “2{0"” ﬁlollds.{IC)llEH:ge

dimensional field of view to generate a first video signal characterized by a
relatively low resolution and relatively high frame rate, and

operates in a second mode characterized by a relatively small field of
view to generate a video signal characterized by a relatively high resolution and a
relatively low frame rate; and |

a processor in communication with the at least one weight sensor and the at
least one video camera unit, said processor comprising:

a weight module which produces, in response to the weight signal,
weight data indicative of the weight of the package;

a dimension capture module which produces, in response to one or
more of the first video signal and the second video signal, dimension data indicative
of the size of the package, wherein the dimension capture module comprises a
tracking module which produces, in response to the first video signal, tracking data
indicative of the presence and location of the package on the receiving surface,
wherein the tracking information comprises:

length and width dimension data indicative of the size of the
package along two axes lying in a plane parallel to the receiving surface, and
height dimension data indicative of the size of the package

along an axis transverse to the plane parallel to the receiving surface; and
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CLAIMS 1.An apparatus for enrolling a package placed in a stationary position on a stationary
receiving surface comprising: the stationary receiving surface; at least one weight sensor in
communication with the receiving surface which generates a weight signal indicative of the weight of
the package; a video camera unit located above the receiving surface on a support arm, wherein
the camera unit: operates in a first mode characterized by a relatively large two dimensional
field of view to generate a firgtryighenisignalochaaciesiz pebiycasielatispbnioviordsotationdand relatively
high frame rate, and operates in a second rfnode characterized by a relativeélﬁsmall field of

view to generafdSeQitigali GhaacHA SR RISE YL ARG OB KP PiG HEEEITIT N SRB S elitively low frame

rate; and a pageAssor in communication with the at least one weight sensor and the at least one
video camera unit, said processor comprising: a weight moﬁﬂe which groduces, in response

to the weight signal, wERFEBAREE HARESIE S FIESHERGH SHRE Bigalgaw iteh the campra o capture

module which pyadueashingespanse:-ta R O¢snai¢ of the first video signal and the second video
signal, dimension data indicative of the sjze of the package, vv,he;in the dimension capture module

comprises a tracking HTSATHE GAHRR 480 f SREEHINLEER BHF SCHRES Cigric A kiR data

indicative of thejpfeasiselanddecaties of the package on the receiving surface, wherein the tracking
information comprises: length and width dimension data indicative of the size of the
package along two axes lying in a plane parallel to the receiving surface, and height

dimension datajndicatiyg efteasizefaiihs patikegmalangianaxisikansyersestiheiplane. parallel to
the receiving surface; and a recognition module which produces, in response to the second
video signal, character data indicative of one or more characters present on the package; wherein

the processor ig configrieddsaitempticaty2switelethelcadiatasinitdaptueendie digsbanstsecond
modes; and _ wherein each of the first and secon{ﬂ \t[rideo signals comPrises a styeam of two
dimensional im&b’ée 0 a stereoscopic video sign om thestereoscopic imager, the height

dimension data.

4. The apparatus of any one of claims 1 to 3, wherein the dimension capture
module comprises an edge finder module which produces, in response to the first
video signal, edge data indicative of the location of one or more edges of the

package.

5. The apparatus of claim 4, wherein the dimension capture module comprises
at least ohe éhosen from. the group consisting of: a frame differencing module which
generates two dimensional difference images from two or more two dimensional
images of the first video signal; and a color masking module configured to generate
information indicative of the presence or location of the package based on color

mformation from the video signal.

6.  The apparatus of claim 5, wherein the dimension capture module comprises a
Hough transformation module which applies the Hough transformation to one or
more images from the first video signal, and analyzes the transformed images to

determine information indicative of the size or location of edges on the package.
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2. The apparatus of claim 1, the camera unit comprises a stereoscopic imager. 3. The apparatus of
claim 2, wherein the dimension capture module produces, in response to a stereoscopic video signal
from the stereoscopic imager, the height dimension data. 4. The apparatus of any one of claims 1 to
3, wherein the dimension capture module comprises an edge finder module which produces, in

- response to the first video signal, edge data indicative of the location of one or more edges of the
package. 5. The apprsaipsaehelaimdy wheseindes dimes) sidreeapthee cooghittonamydiibes at least one
chosen from the group consisting of: a frame differencing module which generates two dimensional
difference imad®8*RB#R%wo or more two dimensional images of the first video signal; and a color
masking module configirgaddo,aenasate idmeatiapindisstieontibensesancdiardedation of the
package based on color information from the video signal. 6. The apparatus of claim 5, wherein the
dimension captiifagidarie BeRsnRes Wit 4R formation module which applies the Hough
transformation to one gy éﬁﬁ%i%ﬁ&ﬁﬁé rRdnenfistvidee aignaimane goatyzasithegeansformed images
to determine information indicative of the size or Igcation of edges on the Packﬁ]ge.thi The apparatus
of any one of cREPAEqEE® hATRTTHIAHa WEGHTESH RIERE |8186‘?ﬁ§ﬁ%a§§‘?fs P image processing
module for proggsging one or more two dimensional images from the second video signal; and an
analysis module which analyzes the one or more processed images to produce the character data
indicative of one or more characters present on the package. 8. The apparatus of claim 7, wherein the
image processipg magidleRmpissscaliigastoneaharambgapibecisheansiitlagefiprisematolor
manipulating module for modifying the color of the one or more images; ~ a linear filter module for
applying a linedfF3fage ‘fhf@f:ig{ﬂ‘@ Ghclist FRBFSHREGEs: and  a morphological filter module for
applying one or more mQyRbalagisal SReralithstethedang percolnegthednthe mpparatus of claim
8, wherein the image processing module comprises an image segmentation module for segmenting
the one or moréfi#&ges into one or more regions of interest based on the content of the images. 10.
The apparatus of clain) 896 WheredalthRiMageiREQcEaeNgNAgE ke drThtisas annmage rotation
module which rotates at least a portion of the one or more images. 11. The apparatus of claim 10,
wherein the imdﬁé‘%ﬁ%ﬁ% module is in communication with the dimension capture module, and

rotates at least a portign,f-He10 R AFRET erivaaReB AR MR dptosmatanmikaphiiegitalension capture
module indicative of the location of the package  12. The apparatus of any one of claims 1 to 11,

wherein the Carﬁﬁ?ﬁ'@?ﬁ‘ts to the one or more images.

9. . The apparatus of claim 8, wherein the image processing module comprises an
image segmentation module for segmenting the one or more images into one or

more regions of interest based on the content of the images.

10.  The apparatus of claim 8 or 9, where in the image processing module
comprises an image rotation module which rotates at least a portion of the one or

more images.

11.  The apparatus of claim 10, wherein the image rotation module is in
communication with the dimension capture module, and rotates at least a portion of
the one or more images based on information from the dimension capture module

indicative of the location of the package.
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comprises at least two cameras each generating a respective video signal, and wherein the cameras
have least partially overlapping fields of view, and the processor comprises an image stitching
module which, in response to the respective video signals, combines overlapping two dimensional
images from the at least two cameras to produce a single image of the combined field of view of the
cameras. 13. The apparatus of any one of claims 1 to 12, wherein substantially all locations on the

receiving surfage fall withigthasalatvaly aeas Bumdimensionahfield efyiew ahthgicamera unit
operating in the first mode. 14. The apparatus of any one of claims 1 to 11, wherein the camera unit

includes only aCSMEISenm&Tast ) PERERICANF ERTRER peIeE oIt SRR 22 %roviding an
enroliment appafiatus,for enrolling a package placed in a stationary position on a stationary receiving
surface comprising: the stationary receiving surface; at least gne weight sensor in

communication with tfecrede uprkest markplgensriterias fslisidiyifaidBitative of the weight of
the package; Avideesamermynidosatan abaveing leeaiing BrHase - pehstRPAR arm,
wherein the camera unit: operates in a first mode characterized by a relatively large two

dimensional fiel@SBesiat sl g HERHE: STPRINE 8 SIgRBINEHAYE dBRSRAWH A TFRERVERM dDF solution
and relatively highftameda@seifbroduce a sinﬁﬂpﬁﬂaﬁ%ﬂﬁem&%@'@fﬁ%@fﬁﬁg by a relatively

small field of view to generate a video signal characterized by a relatively high resolution and a
relatively low fr&#eH&te; and a processor in communication with the at least one weight
sensor and the at least one video camera, said processor comprising: a weight module
which produces, in response to the weight signal Weig?:lt data indicative_of the Weié]ht of the package;

a dimension caplure mMbadRPHARA ?ﬁéﬂ%@ég,"iﬁﬁ@é‘ﬁﬁ) &e Ig-oRberrmsrsBri¥iAt video signal and
the second vidgg sianal HiReRsien dataunslicative ahihervize aiBR, Pagkage, auhexsisrhie dimension

capture module comprises a tracking module which produces, in response to the first video signal,
tracking data infrl&efeisPied hresERes dRH et &t the BEXE8Eon the receiving surface, wherein
the tracking information comprises . length and width dimension data indicative of the
size of the package along two axes lying in a plane parallel to the receiving surface, and

height dimensiorf datafheiRRRAFETEY fery e rliaiReae AloHicErihie RRoSHs rtidepiane
parallel to the regeiving, sty fagseand -

15.. A method of enrolling a package comprising:
providing an enrollment apparatus for enrolling a package placed in a
stationary position on a stationary receiving surface comprising:
the stationary receiving surface;
| at least one weight sensor in communication with the recelving
surface which generates a weight signal indicative of the weight of the package;
a video camera unit located above the receiving surface on a support
arm, wherein the camera unit:
operates in a first mode characterized by a relatively large two
dimensional field of view to generate a first video signal characterized by a
relatively low resolution and relatively high frame rate, and
operates m a second mode characterized by a relatively small
field of view to generate a video signal characterized by a relatively High resolution
and a relatively low frame rate; and
a processor in communication with the at least one weight sensor and

the at least one video camera, said processor comprising:
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a recognition module which produces, in response to the second video signal, character data
indicative of one or more characters present on the package, wherein the processor is configured to
automatically switch the camera unit between the first and second modes; placing a package in a
stationary position on the receiving surface; using the enrollment apparatus to determine
information indicative of the weight of the package; using the enrollment apparatus to determine
information indicative of the size of fhecparkageale whigingdheceq ol lreaingp parausdigidetermine

information indicative of one or more chara present on the package; and outputting the
information indRi&HYe SEEY ¢ 15??3%5 %n‘?éeﬁiﬁw Hﬁ"?f@l%% present on the package.

a dimension capture module which produces, in response to
one or more of the first video signal and the second video signal, dimension data
indicative of the size of the package, wherein the dimension capture module
comprises a tracking module which produces, in response to the first video sigpal,
tracking data indicative of the presence and location of the package on the receiving
surface, wherein the tracking information comprises |

length and width dimension data indicative of the size
of the package along two axes lying in a plane parallel to the receiving surface, and
height dimension data indicative of the size of the
package along an axis transverse to the plane parallel to the receiving surface; and
a recognition module which produces, in responsé to the second
video signal, character data indicative of one or more characters present on the
package, wherein the processor is configured to automatically switch the camera
unit between the first and second modes;
plé,cing a package in a stationary position on the receiving surface;
.using the enrollment apparatus to determine information indicative of the
weight of the package;
using the enrollment apparatus to determine information indicative of the
size of the package;
using the enrollment apparatus to determine information indicative of one or
more characters present on the package; and
_ outputting the information indicative of the weight, size, and one or more

characters present on the package.
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