I"'MPROVEMENTS VKR 19385 PROCESSI NG Technical Field The invention relates to
conput'eri sed mail sorting and, nore particularly, W ng
et hod-and apparatus for identifying and |ocati ng Iﬁetms tize

i mmges of parcels. BackGound Art Wth the dver ‘i ncr par cel
~.mai |, automating parcel sorting is beconing of V|tal m ost
::.-.-'.:offlces around the world and to the transportation indust eral
Cenerally, in order to automate parcel sorting, it is necessary to capture

a digital imge of the parcel act fr he_ | outing

I nformation, such as the destiﬁg&%w—é&—%@gﬁéﬂmg I nformation
may then be used by appropriate apparatus to sort the parcel appropriately
- or to generat eeBhslicad H@ngcode to be printed on the parcel for subsequent
use in the sorting process. However, the |abel may be | ocated anywhere on

t he parcel and thus anywhere in the digital imge of the parcel. Generally
optical character ribadsvepCOiR) rébatienotogpmputielribel wsill sboting radt mbhe
routing inforngy tr'tPJhlfaFﬁm %orﬁaaﬂg@bwoéusgbng %%_Qix&ﬁ 'aga gguef fﬁPQdLﬁpﬁly

In order to_ efficlent hi's, technol og av0|

processi ng df aRel ?fﬁ?&l"'ég &belrfe°f‘n‘bl§étb“fe“t ﬁ’éa‘-’ﬁérﬁﬁlparﬁ S's necessary to

| ocate the | abel on the inmage of -the parcel. Once this has been achieved
it is only ne%é_‘ﬁg%ﬁr ocess the portion of the inmage corresponding to
t he | abel . DE-A- —proposes a system in which sorting
information is detected automatically in a parcel i-nage generated using a
rough scanni ng openéithothe byerexadteisig ivoRees off@iarrcegirmis Whiteha Cioal padcd®

in a sel ect i"orgoqfuwageoefc%@iw 8% vicalt Lol B JI0GE oo gat 20018550 P L hE K1 6"

an address region onh a pac IS suggest ed eatures this
type m ght and to the transportatlon 1ndustry in genera
10 Generélly, in order to automate parcel sorting, it is necessary to

capture a digital'image of the parcel and extract from the image routing
information, such as the destination address. This routing information
may then be used by approprlate apparatus to sort the parcel

appropridtely or to generate e.g. a bar code to be printed on the parcel

15 for subsequent use in the sorting process.

However, the label may be located anywhere on the parcel and thus
anywhere in the digital image of the parcel. Generally optical character
reader (OCR) technology will be used to extract the routing information
from a reasonably high resolution image of the label. In otder to

20 efficiently make use of this technology and avoid the processing of the
whole of the image of the parcel; it is. necessary to locate the label on
the image of the parcel. Once this has been achieved it is only

necessary to process the portion of the image corresponding to the label.

Q_sclosure of the Invention

25 The object of the invention is the provision of an image processing

apparatus for locating an address label in an image of a parcel.

Two kinds of problems must be solved to perform such label
detection. - First, achieving the required speed is very difficult. The
image processing must be performed in real time with currently available

30 technology. Second, the image data is not ideal: the label may-be



|nclude coIouPK%éﬁt?bst or grey value contrast. Di sclosure ofthe |nvenm|on
The obJect of the i'nvention is the provision of an it es éﬂﬁ@B&h

apparatus for |l ocating an address |abel in an inmage o

of problens nust be solved to perform such l%abel det ec &U!
achieving the required. speed is very difficult. The

be perfornmed in real time with currently available technology Second, "t he
i rragg dat a \iA;ceﬁtaniideﬁd by hivikapalhenbabdiemapo bk asomeah£d tlaynspeirem; anlde | abel
may be sone nsparent, an r

backgr ound, an e'fe pc°rr" tead Qy btrci)"[%hggrocre‘i {kgg&%n%d %ydotrtrp?%g‘gg ef it bOth el 1"
Mor eover, the thab]élbewda%ééﬂe Wﬁ%eﬂéeéﬁ t Mergrtiegel theTdaked! W%Y taﬁée%Fbove
probl ems the iag reOsh @Raljgel Mage processi ng apparatus to be provided
for locating | abels on images of parcels conprising: nmeans to generate and
store in digital forman image of the parcel, the inmage conprising pixels
arranged i b rows afg edivanthe abP@S?FPW&ﬂF Bt HpYRntienrendPlesilPgyh §recrsfing
p' xel as eit h%bp@rdt%betl_o Bb@ovx&e:b%ﬁkﬂh&liﬁﬁl [e¥fd tor géreirbberandbstsad Dn t he

pi xel colour: SEOrBNtAly 8 1idkCof Qhe ' EE1AR Il llnGAGTkeRE XBraRlePlih us

| abel or backg on I°'ts ori |naI clas t1on an
cl assi fi cati orpngf cqiumes s Crlﬂsﬂltfscﬂ*e’rf’ghb‘lﬂ}rché?}ﬁCla%ﬁ}fﬁb%ﬂr§a1;‘or?1?‘6erﬂsl eitheg
| abel regions jaBef fbaxéﬂagebédr@rﬁb&mpm&i agShdithat) GAsed ohhendpixedls coThe ;

YLl on, 13, RSEg 005, Y OE VALLON MRS X Sy SELALS MR ol oSt

al | parcel at no parcels are as
white as thei rbachipesiusd brisefedroriss wrdobeal chrerifdcstdanmnd bee fdagsifjcation of

Slepar a]E € Eihe |;ﬁ.}§lt€fhs flhoﬂﬂ§ Iﬂelé}ﬂﬁ)lﬁgﬁdﬂdﬁdand 1d33|flﬁ.fﬁ)ta\<tﬁ]oﬁ Bci furt Laedtifying the
classified as ei er, ckar t
Typically the %) Q%?r§‘38| {'gleglon in W%QQA all Q M g!t@&:.?f.acg%' {'&rel Plxelﬁ.

as as nert her groun nor p! xel's

15 The invention is based upon the observations made by the inventors
that almost all parcels have white labels with black text and that no
parcels are as white as their labels. Therefore, colour information may

be used to separate the label from the background.

The pixels are initially classified as either being'in the label,
20 the background or neither. Typically the pixels classified as neither
background nor label pixels will correspond to text on the label or the
 body of the parcel or be due to noise. A segmentation technique is then
used to re-classify the pixels as either label or background pixels on
the basis of their context. The segmentation technique can, for example,
25 employ known features of the text, for example the fact that pixels
corresponding to text will not form long runs either horizontally or
vertically in the image. 1In addition the segmentation logic can make use
of the fact that label pixels can be expected to occur in relatively long
runs and thét_the occurrence of background pixels in the label is quite

30 rare.

In one embodiment, the classification logic is arranged to classify
white pixels as label pixels, black pixels as neiﬁher label pixels nor
background pixels and all other pixels as background pixels. However
there are other possibilities. 'Eor example schemes could be devised

35 which employ labels of a particular predefined colour. 1In this oase, the
apparatus would be adapted to identify and locate labels of that ;

particular colour from the parcel images. Furthermore, the possibility
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;correspond t OUKBx24-8k5t he | abel or the body of the parcel .or be-due—to
noi sé: A segnentation technique is then used to re- cl aSSI i@en cdMc¥e! s as

ei ther | abel or background pi xels.on the basis of thEW?
segnent ati on techni que can, for exanple, end oy knomn
for exanple the fact that plxels correspondi ng to text
runs either horizontally or vertically in the- |nage I n addltlon t he

segment ation | gl GiGafs KRS endH chb&d186E i ase cabéfélf@eaeéss 1658 B@xels is
expected to occur in relatively long runs and that the occurrence of

background pi ¥oFseAtu8etk: | abel is quite rare. In one enbodi ment, the
classification logic is arranged to classify white pixels as |abel pixels,

black pixel s as neigyher Al BiICESchlesDaRL QUG PIdeL S 0G AddeRgher

pi xel s as backgroun pi xel s. However er possibilities
exanpl e schend&fegAtdonLraR\RAERLIPE SUPTPIUANE| Uife B AT EANGhe| RIACELS
predefined soldprisingne ichherL &6L, capher iagppd ek U Simages 4 meensdapt ethsport

i denti fy and | g?@éfs bgpﬁltﬁe OJamteE§t tﬂgré g'@e‘rscg e@?m{%omc&%s.@ﬁé %%l:)a atus;

i mages. Furthernore ossibility % han onhe col our
al | be classi fea85 48 PesER ?)l‘%‘éﬁ%s °§ Pﬂtftceéx bghe sing dheniRrations afsthe
provi des apparragiiens an whithadlli pixelsuaraglasidiedtasobadellopifedscedrsl hedns to

e s ket kbl ecRREERR S GOURE kRl BeCAIPIAIRL 0201 LTI N0

parcel images; means parce S past carner a,; e above
descri bed i mage processi ng apparatus; neans to generate inmages of parcel
| abel s-usi pg the | oGabé® FronfanoliRer Qghedts thél inkiestioal propiidé€s anakimage

classified as | abel ]'E'Igf(gelt%?fiev\ed &rﬁnéqa X$d agt s %g&'ﬂgpwée‘l ”@&1\ QSL{

t he i mages of R Re®T% rom er asp nvent I on pro
an i mage procedyi ngiemerddagf yid ssedinigntn (dapitad 6%’“1 ﬁagwgefofpéhea@cel

CO”T"' si ng: codprising pixels arranged in rows and columns; :
(b) . classifying each pixel as either a label pixel, a background pixel
15 or neither, based on the pixel colour;
(c) reclassifying each pixel as either label or background based on its
original classification and the classification of pixels in its
neighbourhood; and
(4) identifying the boundaries of regions in which all pixéls are_

20 classified as label pixels.

Also provided is a method for parcel sorting including the above

steps.
Brief Description of Drawings
An embodiment of the invenvion will now be described with reference

25 to the accompanying drawings -herain:

Figure 1 is an .overall view -+ 1 shipping label translation systen;

Figure 2 is a schematic dis - -howing image processing apparétus;
Figures 3 a,b and ¢ are il!: ':i*1ve of low resolution parcel images.
Best Mode For Carrzing'Ou;_jhn I[uvention

30 - The invention is embodied in a Shipping Label Translation System

which extracts shipping information from labels on parcels using image
capture, image proce551ng and optical character recognltlon (oCRr)

technologles



(a) generating§k&®¢-8toring in digital forman i mage of —the—pareet—
conpri sing pixels arranged in rows and col ums; (b) mﬂsgﬁgmayh&gl{g cre]d pi xel
as either a |abel pixel, a background pixel or neith e pi xel
colour; (c) reclassifying each pixel as either |abel enmﬁmﬁg"ﬁm based on
Its original classification and the classification of . _

nei ghbour hood; and (d) identifying |abel regions in the image based on the
reclassification o L xal.s, ' .S a, et £ .
sorting including Inﬁgemggg%ﬁe(q;t é}oéégart%red?ﬂbeq?g‘r‘%%tli (a)u[r??oét;LQ nas\%ngngger %ﬁhowlng
enbodi ment of #HE CAMRATEPLH wi || now be described with reference to the
acconpanyi ng drawi ngs wherein: Figure 1 is an overall view of a shipping

| abel transl ation ' | Ss tic,diagr howi '
processi ng aprggr?at S}sg?&%gléu@gslgx'g(%'a‘?ll cig{lg‘glﬁl lJf’%’g‘t{r‘a |lggl%f 9?{‘%%9%@%}19& i on
parcel irmages. BesBtab®esHR0 end riyPnkesesetiMedyYt nvention The invention is
enbodi ed i 5 a(Bhi promghteabrlo dpentling iunde SYHeCBINWHo L b L% §1AGRB1ES B D@ A0

i nformati on frgg‘}%lﬁgelas w20, %%rt(e:le}asc usi ng Hms%e capt ure. Llﬁgea rocessi ng
and optical cRaracrer T&2ogmitton o) fecishgyic8atre msgestpéﬁﬁss“ g
il lustrated i Auptgigne: 1 and conprises the foll owing maj or conponents: (a)
Conveyor syst gy 10@crVdubBysw apgl hi gh resol ution inmage capture stations
160 and 170 r ectively: . Conputer .11 per.atin nder the contr of
a suitable pr gé?amgﬁ?%ﬁ@fél}g@ é°%’s°eggﬁ‘?ﬁ°ér1?%8138 “&féﬁ‘a?'%bi%?té’ﬁl %%'l?t“?ﬁ lghdm
i mage procEssicagtfalnthd durctiptaing oBCFheSgbryayosnarkPhe image capture cameras.

r
I

Conventional components are used for the mecﬁanical and image
capture functions of the conveyor. Whilst modifications are required to
handle the labels, the fundamental OCR building blocks, both hardware and
software, are also conventional. Computer 110 could, fof example, be one

15 of the IBM RISC SYSTEM/6000 family of computers (IBM and RISC SYSTEM/6000

are trade marks of International Business Machines Corporation).

The data flow and major components shown in Figure 1 are explained -
 in the following sections through descriptions of the processing of

packages.

20 The conveyor system 100 for the Shipping Label Translation System
consists of two separate conveyor modules; an induction conveyor 13 and

a process conveyor 140.

The induction conveyor 130 loads packages into the system.
‘Packages are nskewed" to one side of the conveyor along an aligninn --ige
25 150 as they travel down the belt. This provides a constant locati-n ror

the packages as they travel through the system. The "skewing' of

packages to one side qf the conveyor can be accomplished by provi<:- : an
angled belt conveyor in' the horizontal plane, or by providing a d~-:ne
belt conveyor, in which packages will be transferred to the one si-ie ~f

30 the conveyor by gravity. The angled horizontal belt is illustrate?! ..
Figure 1.

The process conveyor 140 is a continuous running belt convey, - ‘hat

carries the packages through the two image capture stations 160 ar ‘@ ",



(d)  Prograntédi%-pUgic controller 180 which enabl esmim 0
control the functioning of the conveyor and the inage y RSy
Conventi onal conponents are used for the nechani-cal: an ![ e
functions of the conveyor. Wil st nodificatisons are r Me t he
| abel s, the fundanental OCR building bl ocks, both hardware and sof re, -
are al so conventional. Conputer 110 could, for exanple, be one of the |IBM
Rl SC SYSTEM 6000 fani | f.cC @ I e . Lade
mar ks of Internati gg}é‘fe\&ggsfpﬁgg&ﬁ%ﬁ% nle{%lgggaﬁcéngs@%%g é@fﬁ% \%v‘g and
maj or conponefesteiden (PRCKil§Qr e TheaPlC d23P| i fevnactefhle PBE |9BRF MefSsBriqroske
]E hrough descr icght@1Softheheompueeea3bng ok patkayeystdhealeedgy pyovidegstiem 100
or the Shipping Label .Translation e S £ . eyor
nodul es; an i M§oet %anecldﬁgei/oﬁ?e‘i?fosgﬁ%s’amﬁ?o esé‘;tzlgﬁv y')o%?lqejg.g;T 3089}1,\/1
i nducti on conwpeypgram 8gedusins opackwyEsr ililo t he system Packages are
"skewed" to one side of the conveyor along an aligning edge 150 as they
travel down the belt. This pravides .a. .cqnst ' e S as
they travel thr ough”‘t Weﬂs?/%tu mer%?é’d" E}kagwﬁﬁég%%g#]p%ggkggeig Soéegln%‘p%i%gg&g'f E
the conveyor camhbes metdsppicshetiedy pEovi dPRHfrancAfdpecrblel oWsheyBreds
the hori zont alyhgl &ditroDlerDYs® Q¥ MoAgtersdacsdries bed phetyryeyorg trackipackages

packages will be transferred to.the one side o € :COMV. . gr-ayi
The angl ed horﬁg‘{Sﬂqlhltﬁ%eﬁyfg?ms anfd) S0, BT SE S P aﬁg{%%ir]e ]?LR 'fﬁ)eégéﬁl%ééssﬁ%oﬁ%/}’eyor
140 is a coht iRhedosyer UPhishgvibdnt Fiawreel arovidas Eapdbiask fdve thn GRBRAIVERR ough

the two i mage LRRLGELasd k04 théQyaaaUbdtiBen conteyBteybdulzgeed control is
provi ded by the Programuabl e Logic Controller (PLC) 180. The PLC 180 is

connected to and operates under the control of the conputer 110. The |

control “system desiThe ererateleplapes paaesls: on sidiecEenveyAY APOr OvsH BE e HiBRighe
options provi dgghedy RcEQR." OFhed b ARy EXL G | RGuFed @BPELtALe 1tH3. paiceli & Dbe
~understood that different nodes of..s stemn(gggrati on, such as nmintenance, -

test, etc., reditrcontslydfath 8 %’Bﬁ’ée%’re spe€ds. The control ler 180 al so
nonitors a series of photoeyes to track packages : :

15 Control over the gap between packages is provided to allow time to

adjust focus of the high resolution cameras for packages of different
heights and the package feed rate to be matched to the image processing

capacity of the system.

To provide this gap; a stop/start conveyor section 130 is used at
20 tﬁe package loading point. Packages are released from conveyor to a
constént Speed conveyor 140 under control of suitable software in the
computer 110, which monitors the conveyor sensors through Programmable

Ldgic Controller 180.

The gap mechanism can be used to temporarily stop feeding packages
25 if a delay is required, e.g. for handling rejects. This mechanism could '
be eliminated at the expense of reduced throughput by having the

.operators piace'packages farther apart.

The package passes through a stage in which a standard TV camera
200 mounted at a fixed height over the conveyor belt captures a colour

30 image of the top of the package.

Illuhination is prbvided_through a strobe light 210 to eliminate

blur from package movement. The :camera lens has sufficient depth of



through t he s}’sﬁﬁe‘?ﬂ-@ﬁé al so provide package "jani—detection—The Gap.
Phot oeye 190 shown-in Figure 1 provides feedback f lis $28 HaaBePRIpIREN
packages and act as the gate between conveyor nodu s r places
parcels on the conveyor 100 one by one with &he Iabamuﬂﬂmﬂlw
operator is not required to rotate the parcel so:th L2 in a
fixed orientation. Control over the gap between packages is provided to
allowtime to ﬂ‘iJluséo EQE&&% ofie triaﬁg@loqua{c@:%eé Wiz08 GANRFAE ah@ItHRR6KAGE 8oy
di fferent helghts and ﬁ) acka rate to be matched to the inmage
processing ca f?/q‘B‘Fet &V Y ﬁ‘l’ To provide this gap, a stop/start
conveyor section 130 is used at the package |oadi ng point. Packages are

rel eased from convepar rf Q4meFPNS! é‘éﬂnné@é‘&@océ)ﬂz\ﬂawrca%ﬁ&élI&d@fd GENkdMh Sfpe
suitable software_in the conputer, 110, g ors.the onveygr Senso
AR

t hrough Progr ahéBe £MBYre &bhtan8 fté’rre‘.{8’(5‘ e dRahi ?rfac,ggn be“ase tt?‘S
tenporari | y§sto¢mpﬁea1i nguitabkages tvdreain dihaycomputexjlilpezhalygzes therdigdhal i ng
rejects. This pREhaRiam couldsbtieebl Thagl @ lrdobf GXDESDBUILG IFQALORAS .

t hroughput by having the operators place packages farther apart. The
package passes through a stage. in which a standard TV canmera 200 nounted at
a fixed hei ght (9V er D¢ teemroimgeyarkahe | dimewpitons esndaorbirdati¢nmagethef bee top of
t he package. t%)um ﬂ?&eloﬁede%t%rpv' ded through a strobe light 210 to

el imnate blur irom package novenent. The canera | has suffj cient eg)th
of field to %nd%@atthég PANPREMO AL §7 CR RS EF%’?ﬁerg‘?fwlF‘E%r SRBMIREF Y GFe

does not require fotawelcontrol. The TV canera is connected to a video
capture board of known type in the conmputer 110 and stored in di gital form
in a storage device in the conputer. Suitable software in the co %r 110
anal yzes the di git aFt figr RewTibinegd Bo¢ PeBYWIRSE| Bh SeRBRMIYES orf b ﬁe

fol | ow ng funcEa@@e l(éi)ght fehetHd oV ngapacikagef di Fensixansleandhorlieegtiaif 6a

on the belt ;ckage d&t esaiftogau( Ghn bd FEALIAY BP LRGP HRH10eADE and

package for IaP
contrasted w1th the length of the package in pixels in the TV image: the

15 package appears longer in the TV image if its top surface is closer to
the camera. Alternatively, the package height couid be determined via
discrete sensors, for example, a photocell array looking across the belt,
or sonic sensors mounted overhead on the frame containing the TV éamera, .

or the like.

20 The package bdundaries can be readily determined within the TV
image by detected the colour shift from the package to the belt. Top
surface dimensions and orientation can then be determined. The package
height.information is used in conjunction with the top view dimensions to

computé the smallest bounding box that can surround the parcel.

25 " The 1nformat10n needed for parcel rout:ng is contained 1n the
labels of the parcels. In order to facilitate easy access to this
information, computer 110 is programmed to extract the location of the

label from the low resolution images of the parcels.

Labels are located in the low resolution iméggs of the parcels
30 through analysis of their colour differences compared to the parcel -
background. ‘In this embodiment, the location and orientation information
is used to define the areas for which high resolution images are captured

downstream.



label . 1t is HE3H4bPES to use a nunber of techniques t \(JITernme—{—he\
package height fromthe TV inage itself. For exanpl eThtsls&eeim@@ggl 1

package along the belt path can be neasured by a si rrpl a"ﬁﬁd
contrasted with the length of the package i pi xel s i the .
package appears longer in the TV.image if its top surface to t he
canera. Alternatively, the package hei ght could be ‘det er ni ned VI a discrete

sensors, for exanphg, uﬁsp%o‘&‘iﬁér#t apL a1k ool Bg &%Egéssedt by &gl Eyst@l’n §@Qh9

sensors. nount ed overhead on the_ frane containing t canera, , or.

like. The pacKahe BoPhfdRFT i8Rt 195 F¥9dPEY hBF er rTihh%d"\‘RF‘E’rﬁlﬁgtwlY‘?Fﬁ r‘rﬁ@;‘ée
by detected tlkepturequlabeli ddtekriom,t hetqrdon alpeet tidnheddakevingpamsd OLRCE

di mensi ons ang,,0¢ Alegﬁﬁfar‘ﬁ{'or?%? LR m?%ﬁx‘%‘éﬁﬁa[ﬁbﬂe B&. REL&AGRad 9N, order
information is used I n conjunction V|e mensi ons to conpute
the snal | et HBetrlilnghassxorarations te e Gewalqtﬁé Page ctaptyre anAf tAbedt i on
needed for pargeeéctiontdndgld hototdliri Dekhernthdie 2baial s- of the parcels. In
order to facilitate easy access to this information, conputer 110 is
programed to extract the |ocation of the | abel fromthe | ow resol ution
images of the parc@Ws kingdpedfs paplelemgchavedbeen sREVEORR rReSEPTR iSYAh ineadelimsf
the p;’ir gel i thbsﬁgfaf&élﬂiﬁ)éﬁléi: @kaddi@ble CCQhQU:rltdl H:&Jreaap,esvsmaaaé egbchRoldg .
parcel backgr t hi.s nt. the.l.ocatio ientatiQn

i nformation i %Ubgted o-d&f? ne em% equéfee%ss PFST Afhi'c Qh?ﬂ cruggol u f%ntrf%fgjeéglllg
are capt urky domsﬁaéarﬁrom thP rtnaqehf:sptewso‘@narrénto tﬁarWtsf@ramrB@ewa@e%ea

by the Systemnatetﬂmanraioasof s5@BEnPCkhS 8®ARE da®h BOABt PRleallOUhe Tdbeld's white

processi ng i ncl] yudes | apt.ur abel detectign, r tion det GLLon
de- skewi ng, an&lfﬁﬁ &y mﬁﬂﬁamma érda(l? Bissy (r?’ouilon i r?f%rrramlegﬁ ran?q?rent

| abel images. sontks Gercefloba%ﬂqfotnlfﬁa§eft}pélsa§l?ﬂ)Hbl to Cbémboﬁmi éthédbhﬁigé"lwr '

capture and | Q:tfel:héjQE%TanEheShGHéﬂ i80fot akeldsangeto thamaBeOs Hodddvek] Nghe of
probl ens hfg/e gefl saolé\‘/ed to np‘e‘,{‘e or m sqch real time | abel detection at
reasonabi e cost w t1Y cthréht 1y avai I ? %6l ogy.

The processing of the low resolution parcel image proceeds as

follows.

The TV camera 200 generates a 640 x 480 pixel image. Every 10th
line in this image is transferred from the video capture cavd to the
20 computer memory totalling approximately 50ms. This results in a

significantly subsampled image, but in reasonable time.

To solve the detection problem, a function has been found that
estimates the likelihood of every pixel in the image to be-in the label.
A one dimensional segmentation algorithm is then employed on each of the
25 two major axes of the image to obtain a clear distinction between the

label and the rest of the parcel.
This technique is described in more detail below.

The processing of the subsampled parcel lmage is shown
_ schemat;cally in Figure 2. First, a classification 400 is carried out.
30 The pixels in the image are classified into three classes: Label,
Background and Neither. Each pixel is first classified as one of these,

disregarding its neighbours)



First, achievi$§ 18! equired speed is very difficult, since transferring
‘image data fromthe i mage capture board to the host ThigSheerlitas BewmiRapglacedikes
nore than 200nms. Second, the image data is not ideal: ite
col or may be contam nated by noise, the | abél may be par ent
so the parcel background corrupts the white color, and the black col our of
the text on the label is not exclusive to the |abel. Moreover, the | abel

may appear anyeher ease tyge Qﬁ&ee; ?ﬂ@sepspgecﬁélﬂat@fpmeslOwtrﬁé%u&m&nhat'
parcel image procee lL.ows. The TV canera 200 gener at es 640 x 480

pi xel image. Every' gg‘i"ﬁ‘th el Ritedss RGeS §"¥‘fl'o”iﬁ§f‘§‘r BY BA6RT ¢ Vi dFéo
capture card to theopospuated fenimg twtsalbeting hapizookaligt ehd/ veOhizalli) sin the
results in a signifliggantld ¥s subsanpl ed i nage, but in reasonable tinme. To
solve the detection problem a function has been found that estimates the

| irkel i hood of every pixel in the image to be in the label. A one

di mensi onal5 sdgentNattiey aygpopitdim:i sTitesenrenphopddcopieath oft tikeassumed
mej or axes of the iROGR S A sé&erbgkhsah 1te' Psbetiesyx@%e nd hﬁ ltgéél Owand

the rest of the parcel Thi's technique 1s descri In nore

The processing of PREXFPNES AFERd bb‘ér tethentabeli Eh"é’h?)%ﬁ’°§c1ﬁﬁe"|’f‘a'f‘?'tyal PYY jriyns
Figure 2. First, aedkbssihbrizanitallyj06r ivertiraliied cwubothThe pi xels in the

i mge are cl assified into three classes: Label , Background and Neit her.
Each pixel is first C|aSSIerd as, one of these, disregarding its

nei ghbours.  (SQa) Backanpupd§yBe Rixedss: Al¥Hbecothes PHElini I pf asisumed that o
assuned thet al t houhh sumlreiceebs suway pixels ianywhakbeDrist eitparael., they
are concentrated in long runs (both horizontally-and vertically) in the

| abel area. (ls?l)t'} Nei t her t%Pe gl xel s: These are the black pixels. It is
assumed t hat sUEHCFPREHEAEIN 488 FOnBoTYF PR t9eSta@58F area and in the
background area, but in the | abel they do not formmany | ong runs either
hori zontal |y, (gr) ve&g_wpl EXce Q‘Eéxp%?bma&%)\ Background type pixels: Al

t he ot her pixels
The orlglnal RGB image is transformed to YUV image, where Y is the

lumlnance component and U; V are the chrominance components The

15 transformation equations are the following:

Y =0.299 * R + 0.587 * G + 0.114 * B
U=B-Y
V=R-Y

(b) Colour classification:

20 In the YUV space gray levels are desighated by low values of the
chrominance components (U,-?). among these colours, white colors -are
defined by high values of the !uminance component, ¥, and black colours

by low values.

For each pixel, the ~:: ~:nance components are first checked. If
25 at least one of them is hi- ‘e pixel's colouf_is not grey and it is
classified as Backgrounﬁ. "+ - -h components have low values the
luminance value is checked. “: =+ is high, the pixel's colour is white
and it is classified as La:~.. if it is low, the pixel's colour is black
~and it is classified as Ne:*i-: type pixel. Pixels having middle range
30 values of luminance are als~ .liisified as Background.

Subsequently,_a segmen’ .t ion process 410 is applied first to each
row, and then to each column. This pfocess segments the row/column to-

'Label,lBackground, or Meither regions, subject to constraints on the



the occurrenc¥k®dfdssath pixels in the label is quite rare. The
classification 400- consists of two stages: (a) - GbisGhdet 943866 Replaced

transformation:” The original RGB image is transfor] e, where Y
is the | um nance conponent and U, V are theg chrom : ts. The
transformati on equations are the followng: Y = 0.2 -0. * G+
0.114 * BU B-YV R-Y (b) Colour classification: In the YU space
gray levels arg Shohal by I h m nance ,conponents (U,
V). Anmong thegegcq Qgr S, g\%hi %Ag %\(l)l\ﬁe\é?isyg)r%emcfe%?ﬁ“ee%%%%’i' m\?&%ﬁuaezs‘_e of the

| uni nance conSdRETEied tospke sRARIOrdes APPEe hipuk otbisat imes theur eetttdipg eohtext
the chrom nande etak¥poiveyet scevuatf i Mat Fijueeked, 38, ahd IRASH deREgktekNEdPel S

hi gh, the pixegl.s Colour \is ol d, it i classifli Backar qun | f
bot h corrponenSLs'hﬁ?\(gkﬁQ%v?/)\'/all tr}g%l%ﬁ‘gxf A kdoent B LS §"§ﬁ2e%369."al§|g? O‘rer‘q{‘%f
hi gh, the pi xé¥Pe PdPEr is white and it is classified as Label. If it is

|l ow, the pixel's colour is black and it is classified as Neither type

pi xel . - Pi xel s havi- m ddl e .range val ues of l.umnanc re also classified
as Backgr ound. Subsr}g ureen;3 Fys,h°§'s_gt§’§n8ﬁ’fe§t Fio)anssﬁgb%agslgn i’fg°f% SEERTTE4 M rst to
each row, and then to each colum. This process segnents the row columm to .

Label , Background, reguieizbhéowk €@ieOBSassS el AGbn laFtEPNTBUI et MAochNE Figure
regi on neasures. t.he segnent els ar classified

As a result .qf tion i re-.
to the categorre® HotRe Cgﬁfs’gﬁ?%tlﬂ‘n% ﬁe“&‘?‘?oﬁ?ﬁ%’h L8Nt gﬂtﬁf’? taken
i nto account . emhoddimgnt esit3was 3bsumeddtisy:, the degnentatben kabstirafinhiitse tiptxel sin
1 designatgs BICKHHAYNSE RhySlype afrh1d ylest anatestnhet thigk14 iRRgPI xel s.
Fi gure 3a shows the pixel classification before segnentation. Figure 3b
shows the classification after row segnentation. Figure 3c shows the
classifiacti o.af t Segueitatborseghientsagnartation Lbgic essxbdnneet preferwed

assuned tlhat eRBoSRRHEE AL iGPARHEA! 1Y abscriBad pR16WN )

The algorithm processes an array of symbols A(). Three symbols are
" used representing'two properties of interest (the 'l' and '0' symbols) -
15 in this case the background pixels and the white pixels respectively -
and a lack of both (the '*! symbol) - in this case the black pixels.

'A() is produced by the classification process,'which is not 1nn3%
correct. The segmentation process relies on the assumption that in *he
100% correct classification of pixels the symbols do not occur isala‘ed,

20 but rather in runs.

The segmentation logic .scans A(), and haintains three hypoth==-=s as
to the type of run that is reflected by A(). Each of these hypothe-.;
has a score,.and_when the score of a hypothesis is higher than an

~experimentally determined threshold, that hypotheses is accepted a:.:

25 forms the output.

_.Specifically, each hypothesis has the following variables:

Type:} 0, 1, or _*;

Score:~ representing the quality of match between the segmentatirn: - -alt
and the data in aA();
_30' Run_score:- representing the quality of match between the last - - - red

run and the corresponding elements in A();
Increment:- the increment to the score if the next element in A(: © es

the hypothesis type;



of pi xel s of aiRP-B41¥dS5shoul'd be at | east three pi erl.hl hgeq o v Re ]aced
Segnentation. The segnentation |ogic used in the pr t -of
this invention is described below The algorithm pro

synbol s A(). Thr ee synbols are used represen®i ng two |nt er est
(the '1' and '0' synbols) - in this case the background p| er S and t he
white pixels respectively - and a lack of both (the '*' synbol) - in'this
case the bl acksqirxel Sthept(r)dekserrAQﬁ%xedhp&h bheuCbastiel hffthegi Prgsess, which
is not -100%correct, The segnentation process relies on the assunption
that in the 100%"B8¢ t@chavq 558t P¢ation of pixels the synmbols do not occur
i sol ated, but Pmivhden - ntiieinengthef segnmiastatriomf] bigis tgpans AO, and

mai nt ai ns three hypot heses as to the type of ‘run that is reflected by AQ.
Each of these hypot heses has a score, and when the score of a othesis is
higher than anl®xpéliBseAf Iy &) ni ABE RIRFeSHOBRrocAsts /Y pth ]ﬂ@ ®5 is
accepted and forns the output. SpeC|f| cally, each hypothesis has the -

fol |l owi ng vgrlﬁbl 55tia%Rs:- 0, 1, or *; Score:- representing the quality of -
match betwedn the SEQ HBAtation result and the data in A(); Runscore: -
representing tﬁ‘é"fqlﬁﬁ] T yuiscREE R Delnmserenthe) I‘a§fa%té§h9'ntpéﬁ"+lﬁﬁ(%h6 Phe
correspondi Ng et&HERNf S kln A@orénqrermntremedtroe) i=NeESRNY) % préviclen¢dy & DE the
next el ement |nA tches yhes teard pdexqain
A() in which a frun o*m ctop Si sr{w%{é&lg gssﬁtar§ g hgvg‘“s}tt%glr(t’ejd o
Prevl en: - the F@rrgﬂh_&ﬂatsheZI ast run of this type. Let A() be a(O

a(n-1). The processing proceeds as foI lows: 1. Initialize: score(OQ =

run score((’l))0 = | crencl,annt% %S 3 §ta,r%% alI zp{) mee%%)) = 0; score(l) =
run_score(l) = |ncr8 £ = Star = 0; score(*) =
runscore(*) = fh’(’:rlemdto(*') B start(*) = prev_len(* ) = 0; currentstate = 2;

2

3. Score buildup and previous length maintenance:
for each hypothesis x in (0 1 *) '
if (a(i) matches x)

15 - (
if (increment(x) == 0) prev_len(x) =
increment(x) = 1ncrement(x)+1;
score(x) = score(x)+increment(x);

run_score{x) = run_score(x)+increment(x);
20 }
'  else

(
if (increment(x) != 0) prev_len(x) = increment(x);
increment(x) =

25" }

4. Starting point update -

for each hypotheéis X in (0 1 *)

if (a(i) matches x and start(x) < 0) start(x) =
‘5. Hypothesis acceptance
" 30 y = MaxArg( score(x), x in (01 *) }

if (run_score(y) > thrgshold(y))
. ( . .



2. Loop on st¥f%-98-P 7 for all A() elenents: for r‘ﬂ—n—ee\n_l) 3 Score

bui | dup and previous | ength mai ntenance for each hypot gﬁi in (0

if (a(i) matches x) ( if (increment(x) == 0) prev_ Ie mnt(x)
= increnent (x)+1; score(Xx) = sc_ore,(x) +anre_rrent m ﬂ
runscore(x)+increment(x); else ( if (increment(x) !=

I ncrenment (x); increnment(x) =.0; } 4. Starting point update for each
hypothesis x in (Oc@,r;@ntl gtat(eag}); mat ches x and start(x) < 0) 'start(x) 5.
Hypot hesi s accept ance = MaxArg(-score(x), x in (0 1 *) if (run_score(y) >
threshol d(y)) ( f&ﬁrl’éﬁﬁ%‘i(é(t)e “*yleflfrlj SEUAM (y): while j<=i: j=j+ a(j) -
=y, break; } 6. Nefphld gation if (current_state !=* && a(i) !=*) :
increment (*) = incigppnt (l-currentstate); if (run_score(currentstate) >

t hreshol d(currentstate)) run_score(0) = runscore(l) = run_score(*) = 0; 7.
Score Trackl ng

6. Normalization
if (current_state != * && a(i) != *)
increment(*) = increﬁent(l—current_state);
if (run_score(éurrent_state) > threshold(current;state))
10 run_score(0) = run_score(l) = run_score(*) = 0;

7. Score Tracking

for x.in (0. 1 %)

if (increment(x) == 0 && score(x) < score{current_state))
-« '
15 score(x) = score{current_state);

run_score(x) = 0;
start(x) = -1;
}

8. End of Loop

20 The term 'a(i) matches x' in the above algorithm includes the case
where a(i) = * and also the case where a(i) !'= current_state, and

increment (a(i)) < prev_len(x) for x != a(i).

It will be understood that it is possible to subsample the image in
many ways other than at every tenth line as in this embodiment. It is
25 also possible to vary the sampling density according to observed Label
typa pixels: a high sampling density in the vicinity of such pixels, low

density elsewhete.

A by-product of the label detection analysis is the identification
of the featureless areas on the parcel top surface, one of which is

30 reported as the epen area for application of the label.

The package next passes through a stage in which high resolution

(200 DPI grey scale) images of the label areas are captured, using



for x in (0 1 *WKSr94-0dpncrenent (x) == 0 &% score(x) < score(current state))
(" score(x) = score(current _state); run-score(x) = 0; as-BeemRephceg

End of -Loop The term'a(i) matches x' in the above al go rmi the
case where a(i) = * and also the case where agi) != cur

increnent (a(i)) < prev len(x) for x !=a(i). It wiltl be understood that i_t
i's possible to subsanple the image in many ways other than at every tenth

line as in thi stafld peIY e1ddenk S S t Yert D wor
density -accordi ﬁgﬁio obsersga ethbHLIa‘|e Q%M§F%<326 %l}:@é thte F‘ﬁ%?ggg)} (flg

the vicinity ofSRfth Lpikscannsy, ﬂtf’oaé’l%?’f’;?‘aéF%\hﬁet’é’heA W-‘*Bif uBF I )of t‘t"he

| abel detectiorrlineiatdives pgoridng dmivkrddecati e . ofedale gRRLGH @LiaGS azkeas on
the parcel top ppdefmee, one of which is reported as the open area for
application of the |abel. The package next passes through a stage in which
hi gh resolution (200 DPlI grey scale) imges of the | abel areas are
captured, usinga) Shaeeldide 2048 cirerent ehtmeoseninzel &3 320thnS'béu:te viifen f etk

of view for a %iln?tlutﬁ |6M1§W@£ﬂl‘d§ @PWJ.Q%I Eeéax:hlvgl nc wgzpé‘hgs’/ 2G% o

DPI), two alter Jalives rovid n coverage e overa Wi dt'h are
possible. (a) thiR L argsy “Ec:ﬂ? CHRRFR O %\ﬂﬁhéé%rllﬁ‘ge@/ BS G‘Ptth@‘lbetltbi’ the
wi dth, with slisghther cerefiigappednf i ahds @hfyqtewmandh&a@iarw rtetaquitess QWb At@RSe

Wth this ar r ange eingt Prﬁ"!m Me b

the scanner configurat? O%Se |sﬁ }) gg g%%glt owgvgrmagés "'?1%%]‘ aées%‘tq[’&/are
"stitchi ng"tbpeCEPioAYe FBB"YYErf or med on | abel images whi ch are split
across two scanners. (b) Multiple |ine scan caneras which pivot to | ook

B el poch 23 ARl R0 IR RO JHRCRITORR AU ARG LRk
: contalnlng candidate labels. Two cameras guarantee that images from any

_ two candidate labels can be captured regardless of label location. *
Additional candidate labels within the same 10 inch swathes can also be
15 covered. Pivoting the cameras introduces some predictable image :
distortion that software must compensate for.

With either approach, a motor-driven focus adjustment is pfovided

for the camera lens, to compensate for different package heiqhts.

Illumination for the line cameras is pfovided as a continuous strip
20 of light 230 across the belt.

The 200 DPI 4-bit grey scale image for each label is passed to the
OCR Subsystem 120 from the appropriate scanners based on knowledge of the
positions of the labels obtained from the low resolution images.

The high resolution label images are'processed by OCR subsystem 120
25 in a known manner to extract toutlng information from the text printed on
the labels.

Finally, thP zoutlng 1nformatlon can be Eozuathd to an application

that will apply a label with a mechanism Eurthet downstream on the

conveyor system.



“two candi dat e VEHBKRSOPan be captured regardl ess of |abel |ocation.
Addi tironal candidate |abels within the sane 10 i nch swat he; can a! so be

covered. Pivoting the caneras introduces sone predictabre—+mage—edistorti on
that software nust conpensate for. Wth either approagfshé: AR ELL%EN
focus adjustment is.provided for the canera lens, to c ; .

di fferent package heights. Illumnation for the |line cgmmgﬁiw i ded as
a continuous stpiRPial iag%jficgggliq&r oss the belt. The 20070PT® rey
scal e image for eac abel 1's pasSed to the OCR Subsystem 120 fromthe
appropri ate scanners based on know edge of the positions of the |abels
obtai ned from the | Ghe rinsedtilohoten bagpplidhaohtigh fiesbbatdamputatiskd ipmmges
-are processed e 10 r r I d
information fr g%‘ﬁ% ?‘%)%’? X%‘E&l gatléeL géh&tﬁgg?g:b\égfgglggnﬁtp?g/%t{shggé olStQ 1|li|£nlgfi}gng

i nf or mati on cafAP®eorakingr §akele ocomiapiized atmaghs tHfaPakfelF- apply a | abel with
a nechani sm further downstream on the conveyor system I ndustri al
Applicability The invention can be applied to the field of conputerised
~parcel sorting apparatus includi-ng i mage processing apparatus for
identifying and |ocating | abels on digitized i mages of parcels., CLAI V5
1. 1 mage processing apparatus for |ocating | abels on images of parcels
conprising: neans (240) to generate and store in digital forman i nage of
the parcel, the inage conprising pixels arranged in rows and col ums;
classification logic (400) for classifying each pixel as either a | abel

pi xel , a background pi xel or neither, based on the pixel colour;



segment ati on UBYT-PLI0) for reclassi fyi ng each pixel

backgr ound basaciM original classification and the ¢ I ' f
pi xels in its, nei ghbournoodi—and nmeans for identifying 1 Miﬂﬂﬂ&mhﬁi“]m‘t he
i mage from:t t15s Bechirgal PN Of the pixels. 2. | ma A *
’#%ﬂl m 1 :wherein the segnentation logic is arranged

| ¥

. &2

apparatus as d#
to identify r . 'n a:linear array of pixels which should have
the sanme classification, det-er m ne whetdpgfusal | pixels in the run shoul d
be classified as | abel pixels or background pixels based on the :
classifications of the pixels therein and to reclassify the pixels in the
run not cl assiif.i ed Imsgd plvetegsiinglappeoratuackagr doeetipy Xebalaonolitkigegl y€ parcels
| mage processigg,aRRagatus as claimed in claim2 wherein the segnentation

| ogic (410) is arranged to process the inmage row by row and then. col um by
colum or vice versa. 4. | mage processing apparatus as clainmed in any
precedi ng cl ai m wherens tbhgerelrass iahilcetioironin adigital4ddn as imagangethd @arcel

classify whyt Lxel ' l..pl xal pi as neither |abel pi xel s
nor backgroun og}%xellgggﬁéleg{lea%%%r% %X%ngésd %ﬁlgbg?b_und pi xel s. Dat.e:

15 5. | mage processing apparatus as clainmed in any preceding claim

conpri sing a caner &lg24iX)ichifonC dpdikr forg clssiifpRge eabh pixélTagee iyhed Cedabay

appar at us asé}iQLﬂi Igegacl-:ir?gom ?Hﬁ@l %MEéﬁl ?gsemegnsthteo?ﬂétismu?;t he

| mage captured by the canera. paratus for extracting routing

i nformati on from parcels for subsequent use in sorting the parcels,
conprising a caner segréftatiar logpd Ubk ncpastidh ingragéels pinenns i)y label or
transport par Gakeoan ddiga IRt origRe PIASEPAAG-RARRE! AleUs1 ALigt AldTBY do
any precedi ng c,Ia? m, nmeans (220) to Qenerate I-nmages of parce abel' s using
t he | ocatiths PéFethénrEg prtahbrugisedn and . o

identification logic for identifying the boundaries of regions in
which all pixels are classified as label pixeis.

2. Image processing apparatus as claimed in claim 1 wherein the
segmentation logic is arranged to identify runs of pixels in a linear

15 array of pixels which should have the same classification, to determine
whether all pixels in the run should be classified as label pixels or
béckgfound pixels based on the classifications of the pixels ther=in and
to reclassify the pixels in the run not claséified as label pixels ~r

background pixels accordingly.

20 3. Image processing apparatus as claimed in claim 2 wherein the
segmentation logic is arranged to process the image row by row and tren

column by column or vice versa.

4. Image processing apparatus as claimed in claim 1 wherein th-
classification logic is arranged to classify white pixels as label
25 pixels, black pixels as neither label pixels nor background pixels

all other pixels as background pixels.

5. Image processing apparatus -as claimed in claim 1 comprisin~

camera for capturing the image.

6. Image processing apparatus as claimed in claim S comprising -+ -.:

30 to subsample the image generated-ﬁy the camera.



'

pixel s are cl ad¥Pt?4@las | abel pixels; and rreans to extract routing
i nformation fromthe i mages of the | abel s. 8. I'mage processi n met hod for

|l ocating | abel's on inmages of parcels conprising: (a) genel;ﬂ'!’ll!lv| JLWHU!Ilg
in digital forman inage of the parcel conpr iLsi ng pi.xels

and colums; (b) classifying each pixel as either a label pixel, a
background pixel or neither, based on the pixel colour; (c) recIaSS|fy|ng
each pi xel as @ai.themnphbahihisOf ,b@gglg, Q OReddase & 9L

cl assifi-cation apd tﬁg classi ficafi on of | @é lFln T e ﬁ@gﬁfﬁeolosdh%nd
(d) identifying"PaBEI"F &ffold Si°ﬁt¥wetﬁl?rﬂ>gé%la§sea°w1§m ﬁe@awsufqrcmmlw
the pixels. 9. partak ivegefsor mepanscd tyendpory wowpls Hasg ttHeaaaerat,lﬂgi RR&dgee| S
past a canera; preédsiing #dphfdfls Odhp2DsidBoGe s L qe@ ng% A el flod as

k
claimed in aim 8 eperating i nages of. parcel abe s usm e 1%0cats ons
of the Iabeg r§§1“6‘?1%9‘“‘g>&ef‘551'i ngng (§l§f’f‘hg}“l ffditaht foR 30 dmprehefi Bhgearestl t he
| abel s; and sorceimgistihe piaelelagrargedgin rews ainidi Olumi proTatsFication logic for

classifying each pixel as either a label pixel a background pixel or

neither, based on the pixel colour; segmentation logic for reclassifying
each pixel as either label or background based on its original

10 classification and the classification of pixels in its neighbourhood; and
identification logic for identifying the boundaries of regions in which
all pixels are classified as label pixels; means to generate images. of
parcel labels using the locations of the regions-in which ali pixels are

classified as label pixels; and means to extract routing information from

15 “the images of the labels. : _ :
8. Image processing method for locating labels on images of parcelé
comprising: '

(a) generating and storing in digital form an image of the parcel
‘comprising pixels arranged in rows and columns;:

20 (b) classifying each pixel as either a label pixel, a background pixel
or neither, based on the.pixel colour;
{c) reclassifying each pixel as either label or baékground based on its
original classification and the classification of pixels in its
neighBourhood; and '

25 (d) identifying the boundaries of regions in which all pixels are

classified as label pixels.

" 9. Method for parcel sorting comprising transporting harcels past a
camera; generating and storing in digital form an image of the parcel
compfising pixels arranged in rows and columns; classifying each pixel as

30 either a label pixel, a background pixel or neither, based on the pixel
colour; recléssifying each pixel as either label or background based on
its original classification and the classification of pixels in its
neighbourhood;'identifyihg the boundaries of regions in which all pixels
are classified as label pixels; generating images of parcel labels using

'35 the locations of the regions in which all pixels are classified as label

' pixels; extracting routing information from the images of the labels;
and sorting the parcels using the routing information.

___‘""““——————_;___,____ _
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