METHOD AND SYSTEM FOR | TEM | DENTI FI CATI ON TECHNI CAL FI ELD The present
invention relates to the technical field of control systens for automated

product i ogol2bfvagseibbre particularly, the invention rel apes/Epeod/sBBs50g

devi ces and corresponding real -tine i mage processing neans and neth ods
used for production control on said production |ines. These inmage
processi ng neans extract color informatilon fromdigital imges of itens
(i.e. products and/or packages) on the production line, in order to
identify different types of itens by conparing the extracted information
with tenplate information of reference itens. BACKGROUND OF THE | NVENTI ON
| magi ng devices are of comon use for controlling production on autonated
production lines. For exanple, on bottling lines, strobe |ight (using LED
lighting unit controlled by a |laser trigger device, for exanple)

illum nates bottles transported on a conveyor, and digital caneras take

digital i mngdMETHODAND SYSTEVIAOBI THM IDENTIRIEA 10N Ccessi ng neans t hen

automatically detect an outline of the bottles on these digital inages and
identify different types of bottles (fromtheir shape and/ or di nmensions)
present on theE@eNYOFIEISYch identification is used, for exanple, for
correctly labeling the bottles according to their type (shape or content,
etc.). Imge processing nmeans can al so detect coIors printed on | abels

conprised_on a packagi ng9f the i e Ol 8% npl e,
on the boftles pr oduced gﬁeé)r%gce)?tt nv”ﬁthnl Flee%][es Bt e§ I%IF%} tI|%erlfi(notf nﬁﬂfo t he

item e.g. asg@emi ﬁirraaforﬁaft&rpreamheme@M@r@r}ﬁrtwu@du@&@ iBvendiof alRiche | i ne) ,
so as to allow packaging inspection and/or pattern identification (for
exanpl e, i deMPp$iPR dgViBpasy GRatsRMd @abhmietl@aaeapmmglg\m:wwnﬂ épghat e

| mage) . - For gxaiplier, ?fbdﬁ@t‘ﬂ&ﬁ tr'o! Br?%ald?;fr@dlﬁtﬂ?ﬁfhh&r ’ﬁie&%aﬁg P?&%Es”ig%e be

printed either directly onto the cans or onto sleeves whi
around the catans extract color information from digital images of items (i.c. products and/or

10  packages) on the production line, in order to identify different types of items by

comparing the extracted information with template information of reference items.
BACKGROUND OF THE INVENTION

15 Imaging devices are of common use for controlling production

on automated production lines. For example, on bottling lines, strobe light (using

LED lighting unit controlled by a laser trigger device, for example) illuminates

bottles transported on a conveyor, and digital cameras take digital images of the

so illuminated bottles; image processing means then automatically detect an out-

20  line of the bottles on these digital images and identify different types of bottles

(from their shape and/or dimensions) present on the conveyor. Such identification

is used, for example, for correctly labeling the bottles according to their type
(shape or content, etc.).

Image processing means can also detect colors printed on labels

25  comprised on a packaging of the item, or on the item itself (for example, on the

bottles produced on a bottling line), or directly printed onto the item, e¢.g. a con-

tainer (for example, on cans produced on a canning line), so as to allow packaging

inspection and/or pattern identification (for example, identifying brand pattern



There are many known techniques relating to inmage retrieval and processing
(in the field of content-based imge retrieval) which can be used for

i denti f yiwog 2010/04B8pecting an itemfromits digital inmagecThresees33sé hese
tech niques either |ack precision or involve time consum ng cal cul ati ons,
and are thus not fully adapted for automated production |ine control,
particularly on high speed production l-i2res. For exanple, the classical

t hreshol ding technique in the RG col or space ("Red G een Blue") |acks
precision as it does not allow separating color information fromintensity
i nformati on. tlﬂsugndis heatclexgmpltle,a tdBipbat emhgap plor catmple, 08 @tﬁﬁﬂa/gO]ZﬂfBBS? Al

di scl oses an ge process t echni que erein.a di i mge of an item
ST rat s eqEEc ARG BB e &b e et ol e SRS o and
bri ght ness (i &anae) ﬁhﬁ%{ RS BhLE c&st abl i shed. An average brightness is
further determ ned fromthe "brightness histogram for each block, as a

brightness feature in formation, and a representatlve color (for exanple,
an average color) is det m ned._f the C to r ach bl ock,
as a col of feature inforﬁéﬁidﬁ I%ﬂ@h ‘“Wﬁgﬁ%QWP§5H3%8&%@2%“%%ﬁr ¢eht ure |
i nformation ahd phecshing $1ﬁ1|thd aige fadcebakd flﬁ@%élf&rléﬁi)oxfflﬁﬁ@ﬁ icem befuséd t ar get
conparison inmage is perforned (on a bl ockby- ock basis) so as to decide

whet her the cﬁ@rgldﬁlamn@agénm%ngﬁn #emtfeprp ﬁé digdiay emagerrﬁ@éfevm these tasbnpar i son
of colors is qu‘%%e&gf’?lly‘ﬁé aﬁ(rgma%n 09 rntl %eﬁ ?é%@%%%al@ lta‘}A@r?Sn af® Lu%rth{lkﬁgt ure

information O 76r e (on - of
t ar get corrpambsﬂuﬂiylaﬁmlged f® ap&iiﬁmmpddlﬁcaio&dmmoﬁtr&n pakellydpbobighhpsed) .
However, such(%gﬁ roceSS|ng t echni que has the inconven ience that the
det er m nafi ofr 1Pfe W@presentatlve color and the average bright nessfor
each bl ock, both, involve a heavy calculation |oad (at |east for
determ ning the said two histograns) and the use of only one or both of
these "average" parane té&os e}kalnple,sthiermadsiagl thhesheldmng sechiiguersy theoR Gl
prectse enou%glolr gpécge( ﬁog reen gfluea’) lacks precision as it does not allow separating

color information from intensity information.

15

As another example, US patent application US 2004/0218837
Al discloses an image processing technique wherein a digital image of an item is
first segmented into blocks, and for each block a color histogram and a brightness
(luminance) histogram are established. An average brightness is further deter-

20  mined from the brightness histogram, for each block, as a brightness feature in-
formation, and a representative color (for example, an average color) is deter-
mined from the color histogram, for each block, as a color feature information.
Then, a comparison between color feature information of the digital image and
color feature information of a target comparison image is performed (on a block-

25  Dby-block basis) so as to decide whether the digital image is similar to the target
image. If the comparison of colors is not conclusive, a further comparison be-

tween color feature information of the digital image and color feature information

of the target comparison image is performed (also on a block-by-block basis).

30 However, such image processing technique has the inconven-

ience that the determination of the representative color and the average brightness



hi gh speed production line (for exanple, for identifying a packaging or a
brand on a packaging). |magi ng systens have been recently devel oped in
order to woenwisBersi t ens based on col or features in a HBCT(Epbbis/0&BEMr ati on
Lum nance") col or space, extracted fromdigital imges of these objects in
the context of assenbly and packagi ng i nspection applications. For exanple,
US patent application US 2004/ 0228526 A® dis closes a systemfor color
characterization using "fuzzy pixel classification" with application in
col or matching and col or match | ocation. This system uses color feature
vectors for rfeasahbhgkt breh.shvelbvan ihtayvybedosteiondaddofat leastfosdetbiasengoie a di s
tance between .ol or, .feature vectors, .and for | ocat| regi ons, of a target

| mmge of whi GHOCPOHSPRRES hEd B haPEABY GRAY PO of et ISPEEr ETeA col or
feature vect isifsr b@hRkig GROSIhilakt e thahyndi R REEiGERIRGE iRfthP st GSsi gned
to each bin gi.e. color category) ‘of a HSL col or histogram of the target

i mage based hH@ked/ piodegfiocnflincHéorreagmplet fov edgpiikang a packagingaxla sand on
correspongin% tq§vak§es of hue, saturation and | um nance), a pixel having a
wei ght fractitdlati® ®i stributed across a plurality of bins, according to a
"fuzzy menbership function” of a "fuzzy pixel classifica tion". However,

such "fuzzy pixel classification" within a HSL histo gram(with bins in a
t hr ee- di mensi onal HSL spi@egingnvptemehaighser teesnths fenalaped tiy ogfst & ifchat i on

have the i “P?{@’ ROLERGE I B J‘%eg&'ré/s SRR Pyl R LRI NG Enc%”??&i{nces- .
Thus, this inage processing ec ni que 1S no werfa apte O real-tinme item
identificati gpacenctirgtedsipeadipitaddmapdsost theseeshjeqs pedicaddnyext bf awemplysi ngl e
item passing on the |ine needs tf be identified.- ASUMWARY OF THE | NVENTI ON
In view df t B AHGPENFEMPESHIERPPIFAUCA ons of the background

For example, US patent application US 2004/0228526 A9 dis-
closes a system for color characterization using “fuzzy pixel classification” with
application in color matching and color match location. This system uses color

15  feature vectors for measuring the similarity between color images, based on a dis-
tance between color feature vectors, and for locating regions of a target image of
which color information matches that of a template image. A color feature vector
is herein constituted by the percentage of pixels assigned to each bin (i.e. color
category) of a HSL color histogram of the target image based on HSL values of

20  the respective pixels (i.e. each bin corresponding to values of hue, saturation and
luminance), a pixel having a weight fractionally distributed across a plurality of
bins, according to a “fuzzy membership function” of a “fuzzy pixel classifica-

tion”.

25 However, such “fuzzy pixel classification” within a HSL histo-
gram (with bins in a three-dimensional HSL space) and the subsequent similarity
determination have the inconvenience to be highly demanding in computing re-
sources. Thus, this image processing technique is not well adapted to real-time
item identification on high speed production lines, especially if every single item

30  passing on the line needs to be identified.



art, the present invention is therefore ainmed at providing a robust

real -time system and a correspondi ng nethod for identifying an itemfrom a
di gital iwegei0/0dss18b ject of the invention is to provi decamreadueisson
control tool which is well adapted to high speed production |ines carrying
itens of a plurality of types, whilst being capable of processing digital

i mages of every single item passing on-the line, for precise identification
based on col or anal ysis by conparison with characteristic features from
reference identification data, all necessitating only limted conput ing
resources. ASMNMMARYHCTHEIINWENTIOMNtion is to provide a systemand a
nmet hod which are al so capabl e of producing reference data, to be used for
further identification processing of an item Still another object of the

invention is to securelyri ¢RAE bf theBdbolvt BRPBnENEnEAGHACS T B8 YabR&Goudd f ur ther
object of the identification systemand nmethod accord ing to the invention

is to all ow jadeteipissenignecntionisihictoforgfaimedateprovidmgtsi ighuss pesddinpr ydigot i on

line, even in _cases where there,i.s .no. gap between nei ghbaring ite and/ or
appar ent  par ORGSR b g PSP Re gR e Po PR e ATER: 2o
corre spondi Rt botHeGhddn@idn RO prioORlIS aQfroHRtibh @5n@é] t6@INShich AwPRLEGHePN a
conveyor. A nethod for identifying an itemaccording to a first aspect of

t he i nventi ofio Bghppreserrodw@iontlges carying jtems|od @tnlyglige of typesy WoHHe et of a

digital imag i do r .sel ) ) ,
establishing%g&%gfgf Bg%gg%éﬁﬂgég%a(§§¥%$8§3%%$g§§ﬁugégggOﬁﬁ%§%ﬁge s of
sai d zone, c) ptaisceidehtifhtionbagdadn bblst agulwis &g tcablpusivmdwith chtveptelijtic
conparing the nunber of pixels with corresponding m ni num and maxi nmum

[ of er encdVy allGRCHiTOR FoSHERErRRI AT it AL BReaT atng BN |Bfes GHER ( em
and det er m ni; éﬂhﬁ&%@r said nunber of pix els is conprised between said
ref erence val ues; an

Another object of the invention is to provide a system and a
method which are also capable of producing reference data, to be used for further

15  identification processing of an item.

Still another object of the invention is to securely identify an

item on the production line.

20 A further object of the identification system and method accord-
ing to the invention is to allow identifying a plurality of items on a high-speed
production line, even in cases where there is no gap between neighboring items
and/or apparent partial views (on the digital images) of these items, such as corre-
sponding to rotated positions of bottles or cans transported on a conveyor.

25

A method for identifying an item according to a first aspect of the
invention comprises the steps of:
a) selecting at least one zone of a digital image of said item; and
b) for cach zone selected at step a), establishing a corresponding histogram of color

30 values of the pixels of said zone,



d) identifying the itemas corresponding to said reference itemif said
nunber of pixels is conprised between said reference values for at |east N
of sai d bwvopinvissdisN > 1, of at | east one zone. The abovermebéodeszso
identification needs only limted conputing resources for identifying an
item and allows fast processing conpatible with real-tinme applications, as
only one-di nensi onal col or histograns (foor exanple for hue val ues) are
establ i shed and used for conparison with a reference data set,

corresponding to a reference item and conprising only two scal ar val ues,
i.e. a m ni meinforuerbk birobf pachelistograch swablisbed atustiyeb), aonpaxet she fuonbaraxdh
color bin. This Ilghted anoynt of .data nevertheless allo pr.eci fe item

i dent i fi cati GRCISAVEBCAMRYPOPEEHBIHBYM UGB HECTPRRF ‘feér?f %QETSEYS d) of

the above meth@det @s@odlﬁt@dﬂd §réfweh&eﬂtem oh%atdefeln%ﬁn@gswhwhwsawmrﬁww%wg to
the reference itemif said nunber of pixels is conprised between said

ref erence valelies cémprisddietvnien S@lﬁre&cdmcnmlv@ﬁglaadn of each zone. This full

correspongden it n fact a Ci S entific |on
of e tcem oy i iy £5forfynonaMibic ol Pleiboll BERCF il

the item Th@men;vlg _RbmPFse 5@wadd QVbreEsthdtBlalutg fér Aacdst Bl of‘%hﬂall Hidd, tidh Net ween
an itemand a reference item In this case, the above nethod accordlng to

the first aspectofaflcesiens anenti on further conprises the step of: e)
identifying the itemas being partially simlar to said reference item
based on simlarity score values associated to the bins if said nunber of
pi xel s is not com pri sedThetbeenmstbd of édedtiiba®nviededesnlfydimeactondpus- of each
hi st ogram of .each zone, a sinmlarity score val %Je assocjated tq a hin of an
est abl i sH&d MISTSRpar s idrgtising amikmr and allpvas atsworafifﬁl@ércoawabbﬁéfrﬂshfor

said binis fanq{pel %)ﬁh%é’:ﬁm%%s@&;%ﬁ@hﬁ%n%ﬁhl c‘E‘MFIﬁﬁB@’ Sc?ﬁ)r\é%rﬁﬁle%r far

above the correspon 'ng maxi mum reference val ue orrng a
finely esti mhte valuss)nirk aastablisiedt andeuset! ffer pbmpmsod witle ar efecercdatd sem even
in case where, for sonme bi ns of the hi %1
corresponding to a reference item, an. prising only two scalar values, i.c. a
minimum number of pixels and maximum number of pixels, for each color bin.

15 This limited amount of data nevertheless allows precise item identification.

According to another aspect of the invention, at step d) of the
above method, an item is further identified as fully corresponding to the reference
item if said number of pixels is comprised between said reference values for each

20  bin of each histogram of each zone. This full correspondence condition in fact al-
lows a highly precise identification of the item, even if the digital image only relates

to a limited area on the item.

The invention also allows estimating a partial similarity between

25  an item and a reference item. In this case, the above method according to the first
aspect of the invention further comprises the step of:

¢) identifying the item as being partially similar to said reference item based on

similarity score values associated to the bins if said number of pixels is not com-

prised between said reference values for each bin of each histogram of each zone, a

30  similarity score value associated to a bin of an established histogram being all the



relating to the item the nunbers of pixels do not fall within the
correspondi ng reference values, due to a |ocal defect on the control area
(for exampbepiomwspsisnt defect in a printed brand patternpor/eeroiotssat i on of
certain colors in said printed brand pattern). According to a further
aspect of the invention, it is possible to use digital inages obtained not
only fromthe visible spectrum but als®{fromother parts of the

el ectromagnetic spectrum (UV or IR spectral ranges for exanple), by
attribut ing different colors to different parts of this spectrum (i.e.
form ng "fal s®te dob @s thenmyes) of pnctld foenaiddimg far belotv the chiStspoeding sent-at i on,
based on the attributed colors, for the pixels of the digital ipmage. In the
general case MIMETEEIGT VA at thoda e arirep I eSBAT MU AT VALEd 1 hus not
to correspond to the three-di nensional ClELAB repre sentation of human
color vision, but can be based on arbitrary spectral bands se lected from
the UV, visible and | R p&ntlssawfingrdoivs derifimchyedstiontd aninsipreity batweetlye nunber

of such s ecttral %atzquatcan fu[rtherm)re be sel e?t ed. l\zgreo (t;"t{’h'itn order to
al l ow a nore prelsecia&ht'Ff i'cdr Fod, i Wor e i ol A Hé “0"'S8EF At i on
and | um nanceclnmyg & @ ikgn, UEEhumbenedft F1.¢18 98, nod el athik eheabseSpoRitid oned

| ow conput ati onal cost constraint, an inprovenent over the use of

convent i onal r¢HeIengg seloes shvs 1@ ja. lecaljedech gndhe cppire] aca(fapaxdrenial 2 §pate) ap
pears desirabhjl ccar.di i Lt Lnvent i bove
ment i oned m&*?i ﬁ%ﬁt, év\ig{lgﬂleﬁ%{ %ngi 1%)%%‘21 gls%fgltéeéi% ndfbtg‘fétr{aa?/n ?&r%légn Shlgtivé rtr%lge(f(jalach a
corr espondi ngrdndjantamg.e val ue, saturation val ue and hue val ue associated to
a color anong a finite setof colors, each color of the set of colors
corresporiling to a distinct spectral r e sponse, the step b) of calculating

a histogram further COMpiic8&Fidshs asﬁlﬂlﬁér é%g%ct%ﬂheaiﬁ%}ﬂiohf‘ﬁ iPh3&ltFe W fdai n

said zone having each a saturation val ue ove a given saturation threshold
val ue and f odigiathmageb obtaofed nbeogtfroni theohobles,spedmmit,ibngalao fronbetheofarsi xel s

of which the o?ﬁlee e gcltr%%latggertic;[ srf)%gtn?n? l(l(}R/ oirSIRCs?)e tlrrail ?raencgigeg3 %r‘%’;e(gr?lplteg\,%ygaitt\lli%ﬂt-hue
ing different colors to different parts of this spectrum (i.e. forming “false” color im-
15 ages), and then using a sort of HSL representation, based on the attributed colors, for
the pixels of the digital image. In the general case, the color values used in the pre-
sent invention need thus not to correspond to the three-dimensional CIELAB repre-
sentation of human color vision, but can be based on arbitrary spectral bands se-
lected from the UV, visible and IR parts of the item’s reflection spectrum. Any

20 number of such spectral bands can furthermore be selected.

Moreover, in order to allow a more precise identification, infor-
mation relating to saturation and luminance may also be used. Nevertheless, due to
the above mentioned low computational cost constraint, an improvement over the

25  use of conventional HSL histograms (i.e. histograms in a 3-dimensional space) ap-

pears desirable.

According to this aspect of the invention, in the above mentioned
method, wherein the pixels of said digital image, having each a corresponding lumi-

30  nance value, saturation value and hue value associated to a color among a finite set



threshol d values defining a bin for that color to obtain a nunber of
saturated pixels for said color; bl) anong the pixels wthin said zone

whi ch ar ewoabiosasdigat ed pi xel s, counting a nunber of pi relrgEpadoowbizsh t he

| um nance value is below a given | um nance threshold value, to obtain a
correspondi ng nunber of black pixels, and counting a nunber of pixels of
whi ch the |um nance val ue is above sai d1-uninance threshold value, to
obtain a correspondi ng nunber of white pixels; and b3) based on the
cal cul at ed nunbers of saturated pixels for each color of the set of colors
and the calcnf&bb@;nmdbeobraﬁtbéaekobbabhsaanﬂpmmhuguphxﬁhhmtsmkual&fing a

di stribution of th 55 a?qgrdin to the.colors of the set of color, the
bl ack and t h&PUHF1! bypleub merghisRerant gy comarses LsiskPs8he. Thus,

accordi ng toplihgms: @%tﬁ% Iﬁ%?@&/'ith{ﬂ"ﬁld Wférﬁalvﬁfg’ ea%lli'ﬁ sﬁﬁk@fonmaﬁk%B%rh %Rbénbe
conpleted with black and white pixels on the basis of the saturation and

| um nance i sitoratanitionshobdivalpe aed fog eaclomomﬁihﬂsqrtmfasblomIcountmgﬂ mgnbﬂn

t hereby all ow.n S eci for identification at

conput at | onalt BBl SRR P Wi e WPl sbf Rt R en Tyl ¢ ner
con venti onakhEiRpd Oilu&Uddfinie: QBInefbir it colfo@kd e¥RE DyuBb&UTRAfur GO pitklsh a
reference outline, so as to validate an identification at step d) in case

of mat chi ng é@f$#ﬂ§Qhﬁll nes. More precisely, the invention nay conprise the

further Stepbg aflf eg éB%e@”\m%‘h' da zc% &/P%‘h a&@%?gﬁt\ﬁﬁ%d%l%lg aéouhﬂ@?% an

conparing sai [T ne mn eérence o i nNe ‘cor rrespon

t he ref er enceubendf pirels oif exrlﬁctmthledemtnaﬁce:eztlu@m eflow raegw&mhmaﬁame elresh)- | s

further vaIidg{ﬁg only if said de tected outllni mat ches sai d reference
111

outline. I'A af ¢, 42 BE‘@%H a eQECSPRRAERE MRS af hleekiraeste. ieng icRUtIMEABURPRIch ar e
cl ose toget hgf PBJelsed/fe\th'cH ORI AL nce -CQRLG 1%:!@6%' QN deste A Wid Rleué utgpr €ss

pos sible "overlappl ng”" effects due t e presence, on a sane digit
i mage, of pinbmndatmxmmbmhn@gmmbmﬂﬁHMnmImnﬂgandens (which were in the Vi ew
field when t t@)g) gails%idto%lthe calculated numbers of saturated pixels for each color of the set of

colors and the calculated numbers of black pixels and white pixels, calculating a

15 distribution of the pixels according to the colors of the set of color, the black and the

white, thereby forming the histogram for said zone.

Thus, according to the above aspect the invention, the color histogram may be

completed with black and white pixels on the basis of the saturation and lumi-

nance information, but remains a one-dimensional color histogram, thereby allow-

20  ing increased precision for identification at a still low computational cost.

The method of the invention may also comprise a further con-
ventional step of outline detection, followed by a comparison with a reference
outline, so as to validate an identification at step d) in case of matching of the out-

25  lines. More precisely, the invention may comprise the further step of detecting an
outline of the item on the digital image and comparing said detected outline with a
reference outline corresponding to the reference item; and
wherein identification of the item at step d) is further validated only if said de-
tected outline matches said reference outline.

30



i mge was acquired). Accordingly, the nethod for identifying an item
according to the invention may further conprise the steps of detecting an
outl i ne olotbm/iss@s on the digital image and, at step apcrapb@otsssgot he at

| east one zone so that any se lected zone is within the detected outline of
the item This feature of the invention assures that inmage content of any
zone of an acquired digital inage of an&temon the production line only
relates to this very item even if it was in contact with neighboring itens
on the production line. Bottling lines or canning lines are well known
exanpl es of production | imesotiMresspéat, thhenvenaos a{lowe iddnaftihge scms wiaets) are
typically transported aligned on a conyeyor, .twp co cutive itens being in
con tact wi t R (BEHRS OT PHen PrkoBIEL dReHRGEUSH YR 115 P B SHRYPS Mogent i Ty
each item w kibd "RQHASHINERAEFRY dWRH! RY pRUER ! BRb SSRE i QM %Xge@_@ﬂgixre?d
digital image ex clusively relates to a single item even on hi gh speed

| i nes. Alter dafairgletipg ta tveo di giotcaitemnhewfuclfvetcio the srmwnfigldbehongbe digitebd to a
control area.on the itemwhich i ithin an arent. .outli.ne of said item
o exanmpre. ineeAgs M ettt P R BBk 465 eoRRl' , on a
conveyor, theo @RMntdndon RfuftAd ddenpisBBicest&IsIdfRlcRBtifhen 6Wlihe df ilealensur f ace
of the can. Such a restriction of the digital imge, so as to elimnate

pi xel data neb teodigérlimige epd a Gierradl schcing theedf lenst peg raerfedhatiny sger al

vways. For exquple,,RY; &/{tﬁ%tﬁgfiétgae&i%%ihgl £ {HTRRG, 8 féa’thrt(?r‘&hg%deﬂ&& account
pi xel data fromoursi de sai rane e Pr aive corresponéﬁng 0 a contour of
the control aswags.thASsmapotheentefanplzenc af amsdquired digityl itegp ©f adlitem e
strictinq t he overal | lem/fieldéﬁnay be used mhen-%cquiring t he digital

i mage so ' hathg Hedpstion) incopnly Helates 4 this VeRalemoriey if &) wWee !t 604 Wbht r ol

area on the ﬁl%%_ﬁfhoxﬁfg Rerh €5 ite Irt%ﬁ&tghginteahof-tﬁ@ggﬁn@cé%}tc%ﬂﬁin%rl‘inE@Erte \X/ﬂ/at es to

only one item e Invention also offers the possibility of direct
det er mi ni ng tkhewnekempls @f patducfionhmes whteiretheatangitcaboitlenge cads) tane
t he, net hod of the invent.ion may fur.ther

reference item.Accordingly,
compr i 6 a stUHCAD EERIAisgoL AN & CBYSRENDE SERRSFILEE PPN REBrE ence
digital image@fwiBfbshl &her. The invention thus allows to precisely identify cach item

15  with imaging means by making sure that data on any acquired digital image ex-

clusively relates to a single item, even on high speed lines.

Alternatively, the digital image of the item may be restricted to a

control area on the item which is within an apparent outline of said item. For exam-

20  ple, in case the item is a cylindrical can standing vertically on a conveyor, the con-
trol arca may be a mere strip on the cylindrical surface of the can. Such a restriction

of the digital image, so as to eliminate pixel data not concerning the control area,

may be performed in several ways. For example, by framing the digital image and

not taking into account pixel data from outside said frame (the frame corresponding

25  to a contour of the control area). As another example, a mask (or any means for re-
stricting the overall view field) may be used when acquiring the digital image so that

the pixels on the digital image only relate to the control area on the item. As a result,

the digital image content in fact relates to only one item.

30 The invention also offers the possibility of directly determining the

reference data from a reference digital image of the reference item.



erence item by executing the steps a) and b) for the reference digital
image so as to establish for each zone of the reference digital imge a
r ef er encewbi2stongs@sy and associ ating m ni nrum and nmaxi murcrafeednessyal ues
to each bin of each established reference histogram each of said m ni num
and maxi mum ref erence val ues bei ng obtained froma correspondi ng confi dence
interval. Said possibility is inportant-%or easily adapting a reference
data set to a segnentation of the digital image in a preferred set of
zones. This possibility is also inportant for easily adapting a reference
data set to special circunstances con cerning the itens to be identified.
For exanple, in case that severg}tﬁinilar itens to.be identified on a

°t

production |ine have angfhCaerdpEby thomsthogiafithe mycptiethmay AUl OMPEss&i bl e

angul ar val uggpWreRichRBhS sl FetRhcd ARISS BB aMBRR]EE dWlaY irRGRWITE™. rer €CI Se
identification of an itemis still possible, even if only a single digital

i mage per it enncsitamqby eeeutifptheestepsp) end bhiortlee feftremae digited impgy scezscth bi n

of each zone of. the.digital i e, the corresponding m ni mum and maxi,mum
et o encesvarnaeising® bt i ABur FOGELEIPERE &b B gRa Hinges
of the referangeiatihg Minieink eSPAALinhRMY rdfOreMey va0us t6 @ikl 1ef o8 Bl afabAsHdt | ons
of said reference iten1accordiRg.to anqul ar values within the above

nent i oned r afigferengs histagrmmngpchiad sgidhmarimupu ak magfmynelsranca ydlueh demgxi num
nunber of pi%Bﬁﬁwhﬁﬁ"ﬁQ%Oﬁ%ﬁ%ﬁ&ﬂggoﬁﬁﬂmgggﬁé9?? over the correspondi ng
t or r I gl

col or histograns 0 e se erence al images. O course, a
better precision in the identification of an itemw || be obtained if the

nunber of sanpl ed angul ar, val ues_of rotated positions of the refer ence
i tem and/'8r the number oﬁa@éﬁégmﬁﬁfPﬂ%mﬂﬂﬁﬁ@§ﬁmﬂﬁéagmgpéaF@?ﬁ@P?gﬁ%ﬁd
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may have rotate o sitions (around elr cylinder axis he rarige of
to 360 degr eebo ifipogantvipt ¢rsdy ladgsingtavefaredfcerdancet th gpetal circragemces con-

corresponding to respectiyv Si L of a refer ence can rotated by an
angl o br 180 oegiLOE NeRp a8 e BRRuBRT o @xpRals bt Cast Mizh s RSan i ome o

be identified on a production line have angular positions rotated within a range of
15  possible angular values when their digital images are respectively acquired, precise
identification of an item is still possible, even if only a single digital image per item

is acquired.

For example, in the latter case, for each bin of each zone of the

20  digital image, the corresponding minimum and maximum reference values may be
determined from a set of reference digital images of the reference item, correspond-

ing to various rotated angular positions of said reference item according to angular
values within the above mentioned range, by counting the minimum number of pix-

els and the maximum number of pixels for the concerned bin and zone over the cor-

25 responding color histograms of the set of reference digital images.

Of course, a better precision in the identification of an item will be
obtained if the number of sampled angular values of rotated positions of the refer-
ence item and/or the number of zones in the digital image are larger. For example,

30 on a canning line, the (cylindrical) cans carried on a conveyor may have rotated po-

sitions (around their cylinder axis) in the range of 0 to 360 degrees. Thus, with at



m ni mrum and maxi num r ef erence val ues obtained fromthese at | east two
reference i mages (and thus associated to the reference item, becones

possi bl e woamoassnsonly one digital image of that can. Poe/rebawec3sent i oned
confidence intervals (one for each color of the histogram, for determ ning
the m ni num and maxi num ref erence val ues for the nunbers of pixels, may in
fact result fromany other statistical-10eatnent of the color values of the
pi x els of each reference digital inmage fromthe set of reference digital

i mges (for exanple by weighting the count of pixels according to the bin
and/ or the zdmst vansifaemreadiyital limsgesadoméspuoadinglad rasgedtive positient of a cefei-on (at

step d)) if a detected qutline, of e, i tem mat ches ref erence tline (see
Sbove) ) the CRVSHOR SBGHNGl o Al P aVT U S Ry i RS Bt + o

the steps of mlﬁﬁﬁ&ﬁtah@glaalmtr@frefbn@@v&m@s Shtght@tromMeR @m&spmm@féragset he
detected pattern with a given reference pattern corresponding to the

reference it empgarehdedus apdiiagditd theak$rahet ecmadepameepossibit throsvemenly
ref erence pattern r using a result of the itemidentification

operation’fof" ggtgﬁtgﬂlﬁaggtofhg?gaé} d detected pattern, if it is estimted that

sai d det ect edhpabd®S Meiinedesnfidt@ct ait@fale(GR Patidrddlor o thdRis@RAWS), aspect
of the invention, an identification of the item by fulu@i g pr ocessi ng

(based on on@CEIAEE HAANNERINGENhMEKBRHR Aefcrease a@lu@a@w cHef)Pixes.ves
for authenti ¢af 5('199;‘%& BRI a Ff?t ﬁ{& Qtisti Jagrﬁ‘?%ﬁle@?%ﬁthggé‘% lkéélu&f’@’@tp%@lxgeous

if said patter chrng resu attern
de tected onetshef dtly lretfaﬂenCMQ&alolinatgb érdnﬁ a1 dendeaderenda digiarigtgto(far ex-
reference pattern but naot to the item. The inventiaon al so concerns.
system fdP i GBS pX RightRAe theespuphelcmx¢ls aﬁ‘is)éﬁilaﬁlt‘éﬂ’ted?“il ﬁfb‘ii/@h’é]ﬁtzo%éo‘}?é?hod
for identi fy an itemaccording tothe invention, and also the use of said
system f or t)lfying an itemon a produc

Instead of validating item identification (at step d)) if a detected
outline of the item matches a reference outline (see above), the invention according

15  to any previous aspect may further comprise the steps of:
detecting a pattern on the digital image and comparing the detected pattern
with a given reference pattern corresponding to the reference item, and estimating if

said detected pattern matches the reference pattern; and

further using a result of the item identification operation for authenticating
20  said detected pattern, if it is estimated that said detected pattern matches the refer-

ence pattern.

In the above aspect of the invention, an identification of the item

by full image processing (based on one-dimensional color histograms, as already

25  explained) serves for authenticating a pattern matching. This is particularly advanta-
geous if said pattern matching results from an error (for example, if the pattern de-
tected on the digital image of the item indeed corresponds to a reference pattern but

not to the item).

30 The invention also concerns a system for identifying an item

which is operable to implement the method for identifying an item according to



tion line, as defined in the appended clains. Particularly, the use of a
systemfor identifying an itemon a production line is disclosed, this

syst em conprosimges18 di gital inage processing unit inclugcmgraooemeassy and
operable to: select at | east one zone of a digital imge of said item
establish, for each selected zone, a correspondi ng hi stogram of col or

val ues of the pixels of said zone, saidlligital inmage processing unit being
further operable to: conpare, for each bin of each established histogram

t he nunber of pixels with correspondi ng m ni mum and nmaxi num r ef erence

val ues of a tlef evenoe, gat dsste ust of edd systérhdommdensrfyingrad igssoch atalict 0 a

reference item .and det.erm ne whet her said nunber of pixels is conprised
bet ween sai dt?gﬂ@?’&%@@%(}%{n@ég? a@ﬁag?%%ﬁmy the itemas corresponding to

said reference itemif said nunber of pixels is conprised between said
reference values for at least N of said bins, with N> 1, of at |east one
zone. The present invent Particwiafly, the wesyri Ispdemdpe identifynhengienabones wit h

f to th i ng dr awi in which |ike. | : t
ke ol eméne & ¢ PBUGABLS Pheash AP et e felil B Ep Poic i
aspects and fugRtnl@En®h nidiery BNEOpdralc @:e i1l ustrated. BRI EF DESCRI PTI ON OF

THE DRAWNGS Fig.l is a flowhart diagramillustrating an enbodi nent of the
net hod for i dent Belgetgloast ane ganaeicodigittlgmese ohwid Heent i on. Fig. 2

1] strates @ galyl TRSR.PSOTRI) Gl LS8 BAEPLILIAL o80GP L0
hi st ogr am Fi @fheifikdlsdf @aiccsonan aut omat ed production line including a system
10 said digital image processing unit being further operable to:
compare, for each bin of each established histogram, the number of pixels with
corresponding minimum and maximum reference values of a reference data set
stored in the memory and associated to a reference item, and determine whether said
number of pixels is comprised between said reference values; and
15 identify the item as corresponding to said reference item if said

number of pixels is comprised between said reference values for at least N of said

bins, with N > 1, of at least one zone.

The present invention will be described more fully hereinafter
20 with reference to the accompanying drawings in which like numerals represent
like elements throughout the several figures, and in which prominent aspects and

features of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

25
Fig.1 is a flowchart diagram illustrating an embodiment of the
method for identifying an item according to the invention.
Fig.2 illustrates a digital image segmented into a plurality of
Zones.
30 Fig.3 illustrates a reference data set corresponding to bins of a

color histogram.



for identifying an item according to an enbodi nent of the invention. Fig.5
illustrates a control area on the surface of the itemshow in Fig.4 Fig-6
i Il ustratwe 2a10disgéigal i mage of the control area shown i rcFirp2&m9/0amsé aken by
the imaging unit of Fig.4. DETAILED DESCRIPTION In the nethod for
identifying an itemillustrated by the flowhart diagramof Fig.l, a
digital image of an itemto be identifiéd-is divided into K zones (K > 1),
as represented on Fig.2 (zones (1) are indicated, with K=4). Here inafter,
ZNis a zone index with 1 < ZN< K, "i" is a binindex with 1 <i <M so
that a col or hi stogr am cEigfeﬁbmtmiiemgn muomawdtpeocﬂmtioﬂ lire inkfudiM)g, a gotepr i ses M
bi ns corresp in éﬁo M dj sti nct,.col or v ZN,.i) is the nunber of
i el o cor 1 SaBi et e TeHE R o ind i PEGE ARy | of sone 2N For
each bin "i" of each zongigZi;ifsWatck %fc%hﬁﬂlcﬁeéfah %eessMaeé éNttic) it GhdVax (ZN, i ),
respectively cor respond to a m ni mum nunber of pixels and a nmaxi mum nunber

of pixels, seaFfggt identification of the itemwth a reference i tem of
whi ch the§e reference va eé gons itute. cEaracte i,stic. f atur t he

reference’data set, i.e uyrage 4 digid) imagl ﬂbe‘f C?né aé?%‘c 4l s, in

fact constit@es, a@té{@hgﬁah@ﬁﬁgn«;guﬁlh@f[ngmr ence itemin terns of col ored
brand pattern). course, the histograns may be nornmalized as usual so

that any B(ZN, i) |n fact corresponds to a percentage of pixels in bin (i)
of zone ZN (in this case, the reference values also are normalized). An
exanpl e of a reference data set is shown in Fig.3. In this ex anple, for
each bin B(ZMEJARERDESORIENOMW th i = 1,. , M= 17, correspondi ng pairs

2) of val f the numb f el ZN, d i
ant respdtively e TS o b habEnt b T b b "

correspond i i f , d for
whi te pixel s.rd}f cor 8F?éé tloaﬁﬁ%t#?%vé%gf i 1teH1 %’Sb%Vl\é,i)en@ilﬁlegrl§ g{vs@ééﬁhlfos{@ep SI OO

and zones (K > 1), as represented on Fig.2 (zones (1) are indicated, with K=4). Here-
inafter, ZN is a zone index with 1 <ZN <K, “1” is a bin index with 1 <1 <M, so
that a color histogram corresponding to a zone ZN, i.e. H(ZN), comprises M bins
15 corresponding to M distinct color values, and B(ZN,i) is the number of pixels cor-
responding to the ith bin of the histogram H(ZN) of zone ZN. For each bin “i” of
cach zone ZN, two reference values Min(ZN,1) and Max(ZN,i), respectively cor-
respond to a minimum number of pixels and a maximum number of pixels, set for
identification of the item with a reference item of which these reference values
20  constitute characteristic features (the reference data set, i.c. the set of all the pairs
of reference values, in fact constitutes a “signature” of the reference item in terms
of colored brand pattern). Of course, the histograms may be normalized as usual
so that any B(ZN,1) in fact corresponds to a percentage of pixels in bin (i) of zone

ZN (in this case, the reference values also are normalized).

25

An example of a reference data set is shown in Fig.3. In this ex-
ample, for each bin B(ZN,i) of a zone ZN, with i = 1,...,M=17, corresponding
pairs (2) of values of the numbers of pixels Min(ZN,i) and Max(ZN,i) are given
and respectively illustrated with histograms (2). The seventeen bins correspond in

30  fact to fifteen color bins, plus two bins for black and for white pixels.



initialization step SIA of the zone index ZN at 1, corresponding to the
selection of the first zone of the digital inmage, the color histogram

H( ZN=1) iwoestoalabéished. Thus, the nunbers of pixels in eathkpinowoessséi(1) are
counted by digital image processing neans and the set of said nunbers
corresponding to H(I) (i.e. B(lI, i), for i=l,. .., M is obtained at setp
S102. At step S103, for a current bin B{3; i) of H(I), it is tested if its
nunber of pixels is conprised between the reference val ues corresponding to
B(I, i), i.e. if the condition Mn(l,i) < B(I, i) < Max(l,i) is real ized.

I n case the condition w tAgceordsyetottht dotvakart ef Ergeh adtew alstagtssters St @ahaded f or
a bin, a nunber. 1| of realjzati.ons of .the ndi.tion is j.ncrenented.at step
5104, so as U5 RPN oR JOLRLMS FIHRIAN hdn corasPPAits BhESaRER Mest i ng
the condi ti oprhRrfilhgonéasritRigighhlNghagt, thb@olbt ﬁisﬂ%»fﬁmmmzﬁpgrbs%nmyds number
| reaches a given threshold value N (with: 1 < < Kx M (step S105) for

i denti ficati dihusi thh nuhdersedepieniseini caghmbin of d(1) exstountesl by egituhromgee he K

zones of the digital image he itemis taken for identifjed.w t.he
Coforence’ it rray B melBad i St e BubBiS e Siroh&®hot HERRY BLLbDY o ep
S105, the nexdr BiN.. (M) othinkd st Qgp SNOH(ANtep S10D o defugdntdbinB@R) SLO07: i f
this next bin index does not exceed the value M (step S108), the condi tion
with this neX(Ibiitys tgsie)if jts npabereef pitclsisepmpriosd Detivieen Hie relsranse palbes ng pai r

of reference - hHE) ) =y L Se hol d
value Nis ngi{&é#tg gﬁil%zé ?gl%’bt Lge lﬁila%t %%;&géNIM’}) an%é?{bhné\& %}g%’b%ﬁ% ZN, a
next zone (Zhedlhn @ke theeoddigbh alithirospget toshd kéteimenalude issdalided So1epbib109: i f
this zone index val ue does not e ceed(bhe val ue K(step SI 1O, the

cor r esporili ng W&B&eT hiod regiratieny ZNic ggndidon iy BGIcacatydat spep! 041623 thd t he
condi ti on forcoﬁﬁtstll\lflﬁ?%ﬁgl%ihgb& of zudhsreaﬁz%hsg% @bﬁ fsBRE LIRS ANMIAORRAL. Of

ref erence val ues , and Max( ZN+l Is tes at step S103. In
case all thevhiios ins ef the dustogrim. As sodv) asothisalumlché reawhesa givee thrésioldZN=1

. K are expl ored wifhputy oblal ging N 163) f2abi, 008,80, LAS GOndLLhon the
item, in at least one zone among the K zones of the digital image, the item is taken
15  for identified with the reference item (step S106). In case the condition is not real-
ized at step S105, the next bin (i+1) of histogram H(ZN) is considered at step
S107: if this next bin index does not exceed the value M (step S108), the condi-
tion with this next bin (i+1) is tested at step S103 with the corresponding pair of
reference values Min(ZN,i+1) and Max(ZN,i+1). In case the threshold value N is
20  not attained for the histogram H(ZN), and thus for zone ZN, a next zone (ZN+1)
of the digital image is then considered at step S109: if this zone index value does
not exceed the value K(step S110), the corresponding next histogram H(ZN+1) is
calculated at step S102, and the condition for its bins B(ZN+1,i) is tested (with
corresponding pair of reference values Min(ZN+1,i) and Max(ZN+1,1)) is tested at

25 step S103.

In case all the bins (i.e. for i=1,...,M) of all the zones (i.e. for ZN=1,...,K) are
explored without obtaining N realizations of the condition, the item is taken for
not identified with the reference item (step S111).

30



not identified with the reference item(step Si | |).The above nenti oned
condition for identification my be nade nore restrictive, by replacing it
wi th t he wol2bovissg@scondition of full correspon dence wi aTiEPRIMBEBEENCE
item the condition Mn(ZN i) < B(ZN i) < Max(2ZN,i) nust be realized for
i=l, ,Mand ZN=I,. ..,K, 1i.e. the nunber of pixels is conprised between
the reference val ues for each bin of eath-histogram of each zone. This nore
restrictive condition in fact corresponds to the case N= K x M(i.e. the
maxi mal value of N, for a given nunber K of zones and a given nunber M of
bi ns in each hi stogr am ht hbaveembintgined rcandipen faroiﬂeﬁtiﬁdatioxpmmrtbecmhde

appl i cations, i s.sonetinmes usefu det ect. onl arti simlarity with
Che. 1 et er ancanitt s Stony T it wish Aus Fulauné cotdifi o Rl foleyany

corres pondeneen&awmtthéﬁeefeeﬁ&bﬁérﬁ hed, cohBigiod emmzﬁ igal gyinah)i @mx@mm ed out
in fact contain informati on which may nevertheless relate to significant

facts: for exrampberea@zgt égante.. M adefZéI?tls oiR, thehe nembcrpmfemk@l@hmgomul |
correspon?ence | bi | at sane famly

SO peP R ok Rlowhi R ReRIck vhied R eabl Biel ST ISEEn o st T o

variations i Mhid@ofeakafisti®f conbRioRdh fARICHFcPOndI® thé 8458 NTRK QMF(B@Ql@dﬂd to
different categories of a sane product line (like, for exanple, in the case

of cans, a samEipEvaiEgd Niferna srennumberK of ganes and a|gween1}1mb¢hM ofright i on
_thus al I ows ;@%Jbﬂh’i‘sﬁ Qllhl @chh %gﬂﬁ't%? fgg q%%%l mat ing partial sim I arity,
|

in case a fu correspondénce rsn hed. The only constraint for
such a scoring is that a simlarity score of a bin (i) of a zone ZN, i.e.
SC(ZN,i), must be all the nore Iow s the nunber of pixels in that bin,

i e. B(zNOi), is far fro &rptiesl applcatipes.cbis é%%%%@serf@f@r%% P ues
M (2N, i) angaymlmah)eyxwiﬂﬁﬁ&e%&c@ﬁ% RORSd Bf hﬂlt doRs ch%eﬁe' ﬁféi'e@d ifg this

simlarity score anple, for each bin one ZN, 1t
possi bl e to adell aotrespeadenae cghibi hges{tajxlrshabdmjvan@u‘s oal‘cﬂrleﬁmrcerrchdfduﬁatmnce
DIZN.1) =1 Mfac chgln{a}n m (fzrrnatPo]n wfuch n(lay ne\)ertheless relate to significant facts: for
example, a presence of defects on the item (precluding full correspondence), or
15  the possibility that the item belongs to a same family as the reference item. For
example, for a same brand on a product, small variations in the colors or the pat-
terns on the items may correspond to different categories of a same product line
(like, for example, in the case of cans, a same beverage with or without sugar ad-
dition).
20
The invention thus allows using a scoring technique for estimat-
ing partial similarity, in case a full correspondence is not established. The only
constraint for such a scoring is that a similarity score of a bin (i) of a zone ZN, i.c.
SC(ZN,i), must be all the more low as the number of pixels in that bin, i.c.
25  B(ZN,)), is far from any of the two corresponding reference values Min(ZN,i) and
Max(ZN,i). There are many possibilities for calculating this similarity score. For

(15 ”

example, for each bin of a zone ZN, it is possible to use a linear weighting
corresponding to the mere difference D(ZN,1) = [Min(ZN,1)-B(ZN,1)], if B(ZN,i)
< Min(ZN,i), or D(ZN,1) = [B(ZN,1)-MAX(ZN,1)], if B(ZN,1) > Max(ZN,i) (i.c.
30  the weight is a linear function of the difference D (ZN,1)), then, a similarity score

value may depend on the inverse of such weight (for example, a score propor-



< Mn(ZN,i), or D(ZN, i) = [B(ZN,i)-MAX(ZN,i)], if B(ZN,i) > Max(ZN,i) (i.e
the weight is a linear function of the difference D (ZN,i)), then, a

si m | ari twoomw@smsl ue nmay depend on the inverse of suclrcwaprgdL/ 06566
exanple, a score proportional to 1/(1+D)). However, any other non-linear
wei ghting is possible, as long as it is conpatible wth the above nentioned
constraint. For exanple, a non-linear weébght like Dn (with n > 2) will
further increase the simlarity scores relating to snmall val ues of D.
Having formed these score values SC(ZN,i) for each zone and each bin (i.e
for i=l, tivhard 1{IN=D)). Howeldr, atyhether rameirmhs weightiyg weppssiblo, asdongrat e

parti al S|mlar|t exanple, it is sible.tao.retain only the highest
score val ue &v&r® ﬁmatlﬁ ev @bﬂ% 5’08? n?eé’ltlaﬁ?f{s??f’étrﬁ]inb(h)l: {eXapplee @ \}{ﬂ“ &8l er each
zone and cal i gikaDBMEIREIS SCRIIEANALHRYSE (1Rl élmnb)ﬁtyzsfeaf‘e@ réuaﬁlsgwl y

wei ghted, for exanple accord ing to the respective aread of the zones).

However, a skinalledlupepsdn may consi der many other possibilities for the
statistical treatment of the various score val ues SC(ZN,i), in view of
estimating partial simlarity with a reference itemfroma digital inmage.

In a preferred enbodl rrenHav gefoffﬁédlﬂﬁsé Sdort GERES BY(MG,ipfori dalinzage oidli ng to
the i nvention uses npl et e one- di nensi onal hi stograns, based on a

cl assi cal reﬁﬁ%hs@ﬁt(h? |f@1‘nl—df sMendiZgVt lal- - Korthereiape dlsemiany glags tsQaErie as i ndi
cated above. 15%- 7] }E\gﬁf&g Qp?ﬁnﬂ% NP s %rsglgl%gﬁ?alrllﬂ%n:l_fth%lh§%ﬂe?€;§coper Sfigi 1 ned

hue val ues, |on dlue ues are used for
conpleting t heeﬂulsth@gzroae@ wrtrétalarthad:hyhbm@naﬂe valieno ve@@acﬂeﬁqmnﬁdnglchméal ack
pi xel s and an addi tional "bln"&@éﬁrespondln% to white pixels. Suc

conpl et ed? coPBRYHPEE FGFaKHEC PYIrGHshT aeieeitPtvy Wﬁlghgedh%meﬁanalsraﬁcq; T t s
and/ or bri ght, pay {8 ’re%@gtn;ehéf%a af {H%%nggr BoRLEG! §isRillcl I’elrsbﬁi {dnSRIEL ON

purpose. For each zon the digital "mage, a satura | on threshol d val ue

i s given, whinunynaberdepebditon fohtheztaaticdnsiattecedf thodanbiccosevelass f or

defining SC(ZN,1), in view of estimating partial similarity with a reference item from a
digital image.

15

In a preferred embodiment, the method for identifying an item
according to the invention uses “completed” one-dimensional histograms, based
on a classical representation of the digital image in a HSL color space, as indi-
cated above. The histogram has bins corresponding to distinct predefined hue val-

20  ues, but the saturation values and the luminance values are used for completing
the histogram with an additional “bin” corresponding to black pixels and an addi-
tional “bin” corresponding to white pixels. Such a completed color histogram al-
lows identifying items having dark parts and/or bright parts, and thus allows more
precision for identification purpose.

25 For each zone of the digital image, a saturation threshold value
is given, which may depend on the zone considered, and which serves for defining
the saturated pixels (i.e. pixels of which saturation value is above the correspond-
ing threshold value, whatever are their luminance values). Also, for each zone of
the digital image, two hue threshold values are given per color of the histogram,

30 which may depend on the zone considered. Each pair of given hue threshold val-

ues for a color in fact defines a bin of the histogram for that color (the two thresh-



the saturated pixels (i.e. pixels of which saturation value is above the
correspond ing threshold val ue, whatever are their |um nance values). Al so,
for each woneinfs3diBe digital image, two hue threshol d vacwar@ovecgsyen per
col or of the histogram which may depend on the zone considered. Each pair
of given hue threshold val ues for a color in fact defines a bin of the

hi stogram for that color (the two thresh@td val ues constituting the
respective extreme hue values of the bin). The various pairs of given hue
threshol d values define a partition of the color (hue) space, and thus the
col or bi ns ofold »dudsi cs)mtgu'a'ng thEhrespe ctiveecxitivneshihel \dtluﬂalaﬁdse lsie). Vithefvariogount i ng

the saturated pix.els h co or of.a z e di |taI i mge,
i e for each® ‘E% d6GrPnbeF LB Bt %B@ﬁ‘l&ﬂ?o HE Rnshio spisatis ot o

pi xel s of Mh&ﬁﬁtﬂy&ﬂ&ﬂ&ﬁﬁof§m%9ﬁkﬁ&h86d bet ween t he correspondlng two hue
t hreshol d val ues defines the nunber of saturated pixels for the

correspondi ng col or. Such pi xel s have thus a well defined color. These

Consi dered for i dent i 11 cAbror e ATEOTE Kefthmses Raronameclt sfeEH el < ot

a zone havi nglsl W cheHTedIBN CRucY B Uesonciofahe lduittanange, V3! fif cabiglpediceingl ven
| um nance threshold value for that zone, which nmay depend on the zone

consi dered, &plor ebthsthartogrgm gierynbics ok sasiseidpixady of Warchhgpealupys et r ast
the number of sz‘éJd‘?e%\%éH @%%ergéﬁéﬁhﬁg%o Qué %&h%?d’b{lgershde%ﬁfi %ﬁ%‘qﬂﬁ{%%fo%’ al ues,

i .e. luninanl® ues ove 'um™ nance es or that
zone, are couﬂhedemxaelfmhmmesppndmg soloorSuchlixetohse tH@mmwélmi@ﬁyedl nthis
enbodi ment of the inventio the previ ous M

a hi s m has M2 bi ns,
bi ns corrlésp&ﬂhrﬁﬂw@%p%nssq ﬁvghl@égalu%@a?(ﬁ o dahengi grsth E&HPE8fondi ng

to bl ack andH%Qhkﬁgg&%gqgku%ﬂhﬁ&%ﬁﬁlcase the reference data set is also
extended so as to I nclude or each zone, the m ni rum and nexi mum r ef er

ence val ues for black pixels, and the nini numand maxi mum reference val ues
for white pixels. Also, the number of non-saturated pixels of a zone having low
luminance values, i.e. luminance values below a given luminance threshold value
15  for that zone, which may depend on the zone considered, are counted as being
black pixels for that zone. By contrast, the number of non-saturated pixels of a
zone having high luminance values, i.e. luminance values above the given lumi-
nance threshold value for that zone, are counted as being white pixels for that
zone. Accordingly, in this embodiment of the invention, a histogram has M+2
20  bins, i.e. the previous M bins corresponding to distinct hue values, and the two
bins corresponding to black and white pixels. In this case the reference data set is
also extended so as to include, for each zone, the minimum and maximum refer-
ence values for black pixels, and the minimum and maximum reference values for
white pixels.
25
Of course, the identification condition at step d) also concerns
the black pixels and the white pixels. In fact, the number of colors to be consid-
ered at step b) for a histogram is here simply increased by two, by defining the
black and the white as two new colors. Accordingly, the full correspondence of an
30  item with the reference item now necessitates a number N’ = K x (M+2) = N + 2K

of realizations of the condition for full correspondence (i.c. the number of pixels



O course, the identification condition at step d) also concerns the bl ack
pi xel s and the white pixels. In fact, the nunber of colors to be consid
ered at swepolosbas a histogramis here sinply increase@chgEpreowiocizgo
defining the black and the white as two new colors. Accordingly, the ful
correspondence of an itemw th the reference item now necessitates a nunber
N = Kx (M2) = N+ 2K of realizationsléf the condition for ful
correspondence (i.e. the nunber of pixelsis conprised between the reference
val ues for each bin of each histogram of each zone). The sane "extension”
of the nunbers mmpntﬁedlbstv*V®nalhesmf¢rmdee/ah@p forezhchvbano Lok ihmlsecrg'ratg opandth al

simlarity as e i ed abov simlari score al so defined for
The. bl ack” andote HMIES SLEINTo ot HEBHbFLO OIS 38 JbEe RURltg wher

cor r espondi N@ofidrFdMp gl mam;mg @ﬁeﬂe{fﬁaacgoowal(y@salmﬂ@ﬁtwg&%scale%@t i ng
the ref erence data set fromreference digital inmages as nentioned above.

I f the digi tdbﬁneﬁa@mgha:blﬁpk ascétl@waltﬂjpldelspmct&lﬁ dhsip of thramgspeshiyelswotreas i s
the case of "false col.or im SL re entation coryespondi ngly
adapt e o extaiit i Rnl BRERGumubl et Sie! “HLSEET Mt SR RuP e B rent Co
the inventi orarenwu@tbls&&yorﬂm@dcmgﬂﬂymagestda%@b@mi dmRt] oned aspects or
enbodi nents of the invention, authentica tion of a pattern detected on a

digital image is all owed. The correspondi ng aspect of the nethod for

i dentifying an |ten1thenlgﬁqtﬁggdg%%%eé%Sﬁq%ggegéggg%%%%ggfﬁﬁgﬁﬁﬂ%

pattern on the digital inmage a arin ern M th a

gi ven ref er erach zn;als ttler ¢usc of eabpapthirigags”l the HEf epenRcsatidreid coanspoadt i mat i ng
if said detect &$ttern nat&?es t he refeL Q, pattern; and further using a
resul t ofi0t nangly aqADGIpE e foghmBfsedcAE a6 P PEIIERIE hent | cat i ng said
detected pattern, if it is estimated that said detected pattern matches the
refer ence pattern. The above nentioned pattern on the itemnmy well be a
bar code In another embodiment of the invention, which may depend on

any of the above mentioned aspects or embodiments of the invention, authentica-
tion of a pattern detected on a digital image is allowed.
15
The corresponding aspect of the method for identifying an item
then further comprises the steps of:
detecting a pattern on the digital image and comparing the detected pattern
with a given reference pattern corresponding to the reference item, and estimating if
20  said detected pattern matches the reference pattern; and
further using a result of the item identification operation for authenticating
said detected pattern, if it is estimated that said detected pattern matches the refer-

ence pattern.

25 The above mentioned pattern on the item may well be a barcode
or a text, for example. Then, detection of said pattern is respectively carried out by
means of a barcode reader and OCR (“optical character recognition) software.
The method thus allows using the identification phase from image processing
(based on the color histograms and minimum and maximum reference values, as

30 explained above) for making sure that a detected reference pattern, even if match-

ing a given reference pattern corresponding to the reference item, is really a valid



or a text, for exanple. Then, detection of said pattern is respectively
carried out by neans o f a barcode reader and OCR ("optical character
recogni t iwo"2pioeasdisar e. The nethod thus all ows usi ng thecirdendoofosssas i on
phase fromimge processing (based on the col or histogranms and m ni mum and
maxi mum r ef erence val ues, as expl ained above) for meking sure that a
detected reference pattern, even if matd¢h-ing a given reference pattern
corresponding to the reference item is really a validone. This aspect of
t he invention, by using such "doubl e checking” by neans of identification
based on bot ImncoThJ's a$pest mfgﬂlarinve(nainnl lgousiﬁegpmmd‘i‘dmgbleedheclémgfebwnwlanyeﬁ) and

pattern mat chi with a refere ce tern cle i ncreases the allty of
Gontrol of i A4HEAEHIR BisedaBtiodn o 18%?%%?%%8@91@%{ IED Yows
detecting a fiedueld(hitks Ratbahe Qad f&fer&f&e'pﬁﬁéﬂloéle fﬁ@f@@éé@ tﬁé@&alﬂf‘@b?h i's

printed on an i'tem of another type, for exanple) he i nvention dal so
concerns a syenteshdfgicmisgara progucigndmei Femxampie Ibha meihpépbowe detoctingd enent

t he steps_of f t tio spect s enbodi ment s .of the
rethod acdor dnd @ § REPRCKRAMGR™ REESrATRER  Bra SCHRRRAER R RiblTryi ng
an item genaﬁ@ﬂhbmyg@qugaﬁgﬁe)a d| gi taI i mge pr ocessing unit including a
menory and is operable to: select at |east one zone of a digital image of

said item establish, for each selected zone, a corresponding histogram of

col or val ues of the pi Xe'I‘ﬁe %ve?lﬁ&g aﬁ?’gr 8%@%1(1 SS}P]%EW %galgﬁmﬁ %U%Cﬁgﬁl ng unit

bei ng further operable to:

hi st ogram t khi¢tLigloperable tp umplleﬁlem th seps oeayatahagbave momiohahdpsax omm

ref erence val ues of a reéerence data set stored in the nmenory and

associ at 8 t §MRofisreatserfdhe methef agerdiged s iReniRBt her sai d nunber of pi xel s
is conprised between said reference values; and identify the item as
corresponding to said reference itemif sai d nunber of pixels is conprised
bet ween sai d reference valcuadingby, tixt syisteas forNdoftifgag dn biems gendralhy com-

prises a digital image processing unit including a memory and is operable to:
select at least one zone of a digital image of said item;
15 establish, for each selected zone, a corresponding histogram of color values
of the pixels of said zone,
said digital image processing unit being further operable to:
compare, for each bin of each calculated histogram, the number of pixels with
corresponding minimum and maximum reference values of a reference data set
20  stored in the memory and associated to a reference item, and determine whether said
number of pixels is comprised between said reference values; and
identify the item as corresponding to said reference item if said number of
pixels is comprised between said reference values for at least N of said bins, with
N > 1, of at least one zone.
25
Particularly, in the automated production line including an ex-
ample of a system for identifying an item according to the invention shown in
Fig.4, the system comprises an imaging unit (10) for acquiring a digital image of
an item (11) (here, a can is represented) on a conveyor (12) of the production line,
30  a digital image processing unit (13) for processing digital images received from

the imaging unit (10) and a memory (14) for storing a reference data set.



N > 1, of at |east one zone. Particularly, in the automated production |ine
including an ex anple of a systemfor identifying an itemaccording to the
i nvent i orwehown4ansFi g. 4, the system conprises an i nagi rgTwP2809048%0 f or
acquiring a digital inmage of an item ( 11) (here, a can is represented) on
a conveyor (12) of the production line, a digital inmage processing unit

(13) for processing digital inmages receil¥%ed fromthe inmaging unit (10) and
a nenory (14) for storing a reference data set. The system nay al so conpri se
an illumnation unit (15) for illumnating the item( 11) with strobe

i ght. A conVéntsygealmexasptempifisesanciiluamatioh wmitr(@f ) fon illimhatiigz the iteBD
lighting unit. aor a | aser. strobe (for visible light). Qher types of
iIIunination(hﬁﬂvglgﬂ18dﬁ;Pluninating items over a broader spectrum (for
exanple, ranging fromUW/ to IR Ilight, i.e. from300nmto 2500nm . The
imaging unit (10) nmay be a digital camera $a CCD canera or CMOS canera).
However, an anal og caner & ¢ayertioel pemped! sich aufpmenamened inan hED

framegr abber ;apal og-t0-digital .conver.t. $Q,.as,t o .prod a.dj.qgital inmage
oo anRer 1BRAAEHel Bt Rufet Srarb RSB AR e DA PSR R Birhlidh by,
control the iallbwnilidina@hg ek o(diB brohih& sps@Bind got Bxdmpild,Mhngiag dronhervdi gi t al
i mage processing unit (13) so as to synchronize their operation for

i |1 uni nati ngt@ Helightehs- fFosm AP th&SW@naDt al i mage of the illuminated item
and processing said digital image. Fig. 5 shows a control area (17) on the
surface of the item( 11) and Fig. 6 illustrates a digital inmage (18) of
the control area (17) of ThoémagieguhitX1d)mapde taakigiml kymictre(ai O@DI cagheuni t
(10). The digital imge pracessing unit (13) divide tBe di gital imge (18)
recei ved Pr off (HEOSheNsid)- JHWeVeLogn ARRleE £2BRtH BIRY 13S0 Pe 28fbsit (RIS 19d)

(here four zon&g @sik M@b@%r analog-to-digital converter so as to produce a digital

image format.

The system further comprises a control unit (16) operable to

15  control the illumination unit (15), the imaging unit (10), and the digital image
processing unit (13) so as to synchronize their operation for illuminating the item,
forming the digital image of the illuminated item, and processing said digital im-

age.

20 Fig.5 shows a control area (17) on the surface of the item (11)
and Fig.6 illustrates a digital image (18) of the control area (17) of the item (11),
as taken by the imaging unit (10). The digital image processing unit (13) divides
the digital image (18) received from the imaging unit (10) into a plurality of zones
(19a-19d) (here four zones as an example).

25

For each zone of the digital image (18), the digital image proc-
essing unit (13) determines a corresponding one-dimensional color histogram by
dividing the color space (depending on the spectrum width of the photons the im-
aging unit is capable to measure) into M bins (for example, M = 17, as repre-

30 sented in Fig.3), and counting the number of pixels according to their hue values

within each bin.



For each zone of the digital image (18), the digital inmage proc essing unit
(13) determ nes a correspondi ng one-di nensi onal col or histogram by dividing
t he col orwepamm4fcddependi ng on the spectrum wi dt h of thepplraresw/063380 i M
aging unit is capable to neasure) into Mbins (for exanple, M= 17, as
represented in Fig.3), and counting the nunber of pixels according to their
hue val ues within each bin.Preferably, -2he system may further conprise:
sensor nmeans op erable to detect a location of the itemrelative to the
imaging unit (10) at which said imaging unit is operable to forma digital
image of the item and to transmt a trigger signal indi cating the
detection of said Iocatlg n W@W g}n t he contr uni t glg% is further
operabl e to receive the tF'g§ edﬁﬁ?“??%ﬁﬁ# ré@ﬁ@ﬁ' BI08 TS 0B
synchroni ze h|ORCAAEd ANobtioh T tht litdm Mattfv@nomima( unit (RYIAGHH t (10)
and digital inmage processing unit (13) based on said received trigger

si gnal . Typn@aﬂhngmEemsememrdﬁean rmmyégemaHMQsefﬂmnmggemdﬁnMMHHQHlspeed

photogta68Y, IS A5 bR IR L S Rt R RSB

canni ng | i negi®ris Battck bpgrableNe SeceiWlah@iribgdr HERMURdnh e deab® rdcanbhagdtas 1200
itenms per minute is possible, By further controlling the field of the

i magi ng uni t SyRahromzgBigsensraionodtc Hgnifaminasiopeundf ()4 anagdte wpit(t Ol and ea on
the imaged i td? a EI?J%G%MAI% Pfﬁ{( p%ai% QAUEGL g@i&é[d{}%gg n%n?t?t tling line or

a canni ng i ne tens 0O res cans) may well be
cl ose or even |n contact with each ot her. In this latter case, the field of

the imagi ng unit nmay be restrlcdﬁd by neans of a nas so.as to inmage only
the contrBl area (which d3PicalbpdRE SCBSOA MemsI may bg Hdaser drigger £Ar kgt i nt on

a can). This Q&‘aeph%{ogtreﬂﬁug' AN 1 OBhowi Y &Jﬂceaa{ﬂog&yysve'rf?fgclsg :tlﬁ?%e%ﬁ’ig BN I f

itens are in contact been tested or visibl ght ation on a

hi gh speed camaginggnit anrels(pairtﬁdmlalzloe@iapadsforgﬁoduntmnﬂm¢s, siir saening ines

reference Val q gfthngnfmes wrh%rem a production rate as high as 1200 items per minute is
possible.

15

By further controlling the field of the imaging unit, it is possible

to change a size of a target control area on the imaged item. For example, if the
production line is a bottling line or a canning line, the items on the line (resp. bot-
tles and cans) may well be close or even in contact with each other. In this latter

20  case, the field of the imaging unit may be restricted by means of a mask, so as to
image only the control area (which correspond to a label on a bottle or an imprint
on a can). This mode of the invention, which allows identification even if items
are in contact, has been tested for visible light illumination on a high speed can-
ning line (with 1200 cans per minute). Moreover, the reference values, including

25  the black and the white, have been determined as explained above for a plurality
of rotated positions of the cylindrical cans from 0 to 360 degrees (around the lon-
gitudinal axis of symmetry of the cans). Complete identification of our items has
been obtained for beverage cans of ten distinct brands on a high speed production
line, even at full correspondence condition.

30



the black and the white, have been determ ned as expl ai ned above for a
plurality of rotated positions of the cylindrical cans fromO to 360
degrees (woeungh4sdie | on gitudi nal axis of symretry of tlreTaE@dsp06380P! et e
identification of our itens has been obtained for beverage cans often

di stinct brands on a high speed production |ine, even at ful

correspondence condition. The invention-2k-not linmted to the above

enbodi ments and vari ous nodifications may be made w t hout departing from
the scope of the invention as defined by the clains. For exanple, the above
nentioned inaging unit niyic becoper abloe litmited dq thcraboee phbodictty aod valiigi t al

i mges of a single. ten1(cor espondi. di ff rent Vi ew | es), .and

bt 0cess  each Sut Togittr SRR RERS Mg E4auclrviting Moty s o e rebion
identifying thecfit@npy t]i@%la!nﬂqur'e%'rnﬁﬂesﬂhe a'BGlzéJHl%ﬁtl&heﬁCiﬂSBg'ifngrunRr %I

product oper able to make a conputer connected to a systemfor identifying

an item as d@S@mbbédaabDv61pMQMQm@ﬂ$gtﬁeH@g@béﬁnmnﬁhGﬁmﬁt@m@p@mbogﬁlng to

et hod and SJLEaTRT P FHERD! FOT RGCBVerS oF SHE ch U B BRE SR TRty

accordi ng tOekﬂ@mb@ﬁﬁﬁﬂaﬁﬂwngﬂxﬂmynOf its above nentioned aspects, may be
used with a high level of confidence for itemidentification in industry

for many applications such as, for exanple, determ ning a production vol une
on said pro duction line I i duction
control, line produc tioggéﬁém%@ |§% ?ﬁ%ﬁ&%ﬁgﬁﬁhﬁﬁ? ﬁ{% ph#@ESQ ?AINB 1.
Met hod for i delettof mhkega &nmpﬁmmcoﬁmqwdl 8l agyithe fot amltlﬁjmg a)l iel acldeng at

| east one zone of a di gi tal ge of sajd itemy and.5 faor each zone
sel ect ed 14t $¢7dhsda OV%éliﬂﬁllﬁm%ﬂqﬁgﬁ%PS&frt SO HGOKIRG @gﬁhmﬁfntlem(é% val ues

of the plxel%eg%mgghg%l9@@wn§gmgngg%F8gch@5@§r conprising the steps of: c)

for each bin of eac Stogram established at step b), conparing the nunber

The method and system for identifying every item on a produc-

tion line according to the invention, in any of its above mentioned aspects, may be

15  used with a high level of confidence for item identification in industry for many
applications such as, for example, determining a production volume on said pro-
duction line (for tax value estimation, etc...), line production control, line produc-

tion inspection (for fraud detection, etc...).



of pixels with correspondi ng m ni nrum and maxi mum r ef erence val ues of a
refero ence data set associated to a reference item and determ ning

whet her swbdormuwabas of pixels is conprised between sai dprefEPr@on633s@l ues;
and d) identifying the item as correspog?i ng to said reference itemif said
nunber of pixels is conprised between safd reference values for at |east N
of said bins, with N> 1, of at |east_on one. 5 2. The nethod according
to claim1, wherein, at step d), theq]?‘é s identified as fully
corresponding to said reference itemif said nunber of pixels is conprised
b e tween said reference values for each bin of each histogram of each
zone. 0 3. THe netMudtpdior aleatifgng an t¢rai gamiprisingrthhstepsc@ipri si ng the step of :

e) identifying the iitem as, bein artd al.ly siml to.said reference item
based on st m par iy S atIsd B8 AR iy Tl fdPudR P sSl & inber o
pi xel s i ssnot com) uri cacll zhet wWeRedsaisttpraf srablisieny alcugsspoadingatdlodrhm «ff each
hi st ogram of each zone, a simlarity score val ue associated to a bin of an
est abl i shed I‘?P]S)Féiglﬂﬁsrﬁfﬂh‘?B’@‘e]équsﬂlﬁé%eanore | ow as the nunber of pixels for
said binis far i .00 4mum ref erence val ue or far
above the corresg%ﬁ%ﬁ%%&?%%%&gﬁg{ﬁg%%%&a?ﬁ. 4. The nmethod according to
any of clains 1 tpfadcastheineifract histopraxetsabdfshasbitdtepi gl tahparimggkee maubearg each
a correspondi ?g) I Eﬁm nance val H.e, saturati on val ue ar}d 0 hu vaI%e
associ at ed t 8T 85 BHDFRFRIPORT I FRnEMuR ands MEHRY retergper ¥Yrey olot 1¢fRe set

of col or s, COLLESPRNEH AGkoERALA tHiaSticRhike FPRCIIPAtERIRARSMetteN6ri® hERLQ)o O
establishing a his togramfurther conprises the steps of:bl) anong the

pi xel s wi t hi piehiid campesdidbetwmepnsacherant valats;@endval ue above a gi ven

saturation value threshold.and for each cpolor of,the set. of .colprs
counting . manbed) SR wR0Rm, A e ARiu RO b eRRER ieBh SR d 1 sea
bet ween two @iFyR8IsNYeohpri@InRtwecnahidasfeigick RaR@s forlk NeabtoX off BAH bER! Ritht O

obtain a nunmber of saturated pixels for said color;
N > 1, of at least one zone.

15
2. The method according to claim 1, wherein, at step d), the item is identified as
fully corresponding to said reference item if said number of pixels is comprised be-
tween said reference values for each bin of each histogram of each zone.

20 3. The method according to claim 1, further comprising the step of:

¢) identifying the item as being partially similar to said reference item based

on similarity score values associated to the bins if said number of pixels is not com-
prised between said reference values for each bin of each histogram of each zone, a
similarity score value associated to a bin of an established histogram being all the

25  more low as the number of pixels for said bin is far below the corresponding mini-

mum reference value or far above the corresponding maximum reference value.

4. The method according to any of claims 1 to 3, wherein, the pixels of said
digital image having each a corresponding luminance value, saturation value and
30  hue value associated to a color among a finite set of colors, each color of the set of
colors corresponding to a distinct spectral response, the step b) of establishing a his-

togram further comprises the steps of:



b2) among the pixels within said zone which are not saturated pixels,
counting a nunber of pixels of which | um nance value is below a given

| um nancewbhoasiagdid val ue to obtain a correspondi ng nunipenr/epbodolosssko pi xel s,
and counting a nunber of pixels of whi C%ﬁ' um nance val ue is above said

| umi nance threshold value to obtain a correspondi ng nunber of white pixels;

and b3) based on e cal cul ated nunbers of saturated pjxels for each col or
of the set of coPblEnSkiE s et e S6F iR hoatie SR an t
pi xel s, cal cuahidaghraich wllid Mdsher 2 foheadhi cRbSoahe QEASMNEI4:Q, ¢didtif@laor s of
the set of color, the black and the white, thereby form ng the histogram

for said zonaumber qfpixete ohodidicsrdilyrgior thaangloois einapirissd betwsen twe @ishi si ng
a step of calculat .ing said,reference data set froma referenc i gital
"mge of sai dof SRsHeRLsTRREAAGE SR A FRbr 1 BR.S EURRETSF R lee

ref erencesdi gixtedd fot BFigeodn as to establish for each zone of the reference
digital image a reference histogram and associ ati n? m ni num and maxi nrum

ref erence val ues bEbaaeithepixely wihiarsaidstonp whigheatc nef wiwated Phicky 6gMIE each

of said m ni gq{njﬁg X [IYP - ' [

correspondi ng con ?8%& i nt‘%@é@uﬁ.ﬁgﬁl#ﬁ}gﬂﬁf %gfgqg%gg%@ilﬁgﬁt%&%&%?mcl ai s
1 to 5, conpwabkicng obtaun stcepegiondidetmaathicngf dlack pidcinandtodmmgi ¢ sumber dfhe
digital image.and [ sai d de tected. outline w ?fere ce outline

onpari n th r
cor r espondi n§xe qfﬁ%hl%il@l S Viafusrty 2B Sidlelttipangcey ?%hfbfdc‘é&%w A Re jtem

at step d) i $oftibR@he ithbaat@ehifivelifangai d d e tected outline matches
said reference outlind. 7. The nethod ‘according to any of clains 1 to 5,

conpri sing the sbépbasefl odehectlculgted muobtetsi ofesapfrateth @ixelsefor eacht bdodofyiheal
i mage and, at st g% lecting.the at |east one zone so .that any selected
zone i s wi t it Qe e STGUERAREMERI Gt e RS R A LG ng o
any of clai my distfiBution YEE Pixdlst ftordiindl forthe CHBECoOhe kel do®IN 1he blRktanidCt ed
to a control area on the itemwhich is within an apparent outline
the white, thereby forming the histogram for said zone.
15
5. The method according to any of claims 1 to 4, comprising a step of calculat-
ing said reference data set from a reference digital image of said reference item, by
executing the steps a) and b) for the reference digital image so as to establish for
cach zone of the reference digital image a reference histogram, and associating
20  minimum and maximum reference values to each bin of each established reference

histogram, each of said minimum and maximum reference values being obtained

from a corresponding confidence interval.

6. The method according to any of claims 1 to 5, comprising the step of:
25 detecting an outline of the item on the digital image and comparing said de-
tected outline with a reference outline corresponding to the reference item; and
wherein identification of the item at step d) is further validated only if said de-

tected outline matches said reference outline.

30 7. The method according to any of claims 1 to 5, comprising the steps of:



of said item 9. The nmethod according to any of clains 1 to 8, conprising
the steps of: detecting a pattern on the digital inage and conparing the
det ect ed woet2vawomssmst h a gi ven reference pattern correspeadiergo®ocizke
reference item and estimating if said ggtgcted pattern matches the
reference pattern; and further using a fesult of the itemidentification
operation for authenticating sai.gq detect attern, if it is estinated that
obTd det oot ed patiterinsah pne Bhiber Bt b it Bk Cibiee she: 4ol St ing
identifying ame httiedbt ofOFBd S Mt BnyHicdddidd zdndBY SvithiP RS Ritlind HEIHEI Ng a
menory and operable to: select at |east one zone of a digital inage of said
item establitsh. for each sel ected zone, a correspondi ng histogram of col or
val ues of the pixels of said zone, said digital image processing unit being
further operable to: conpare, for each bin of each established histogram
the nunbes ofg. pi x@hs nwdthdd sRbrdSPNEHYNES dthifismute fndhdreini titldigi@fl BhaRcsE
val ues of a reference data set stored in the nenory and associated to a
reference it & TG GETECAiha comEd] REse ogdheyiterHush BFvighin ap appasert opfiics ed
bet ween sai d @gﬁ@ﬁggpe val ues; and identify the itemas corresponding to
el

said referenC emif said nunber of pixels is conprised between said

reference values for at least N of said bins, with N> 1, of at |east one

zone. 11. The system according.to claim10, wherein the inage processing
unit is oper 2ol e {Tg_e Pt FORing t?@ewgga@éﬁ ht % ePmprizse (s iding to said
referenceyit em i {5@LchWHRREMOSn Ric@hRall i$haE0MRAI SRMHaDRL Weehcsakd phebsr ence
val ues for each bin of each histogram of each zone. 127 The system
accor di ng t o vathad givé refoveaecep attetrheoriasporeling wotbs sifagnemitdm.j andestimatimeif
operable to: said detected pattern matches the reference pattern; and

further using a result of the item identification operation for authenticating
said detected pattern, if it is estimated that said detected pattern matches the refer-

15  ence pattern.

10.  System for identifying an item, comprising a digital image processing unit
including a memory and operable to:
select at least one zone of a digital image of said item;
20 establish, for each selected zone, a corresponding histogram of color values
of the pixels of said zone,
said digital image processing unit being further operable to:
compare, for each bin of each established histogram, the number of pixels with
corresponding minimum and maximum reference values of a reference data set
25  stored in the memory and associated to a reference item, and determine whether said
number of pixels is comprised between said reference values; and
identify the item as corresponding to said reference item if said number of
pixels is comprised between said reference values for at least N of said bins, with
N > 1, of at least one zone.
30
11.  The system according to claim 10, wherein the image processing unit is

operable to identify the item as being fully corresponding to said reference item if



calculate simlarity score values associated to the bins if said nunber of
pix els is not conprised between said reference values for each bin of each
hi st ogr amwof20maabsi8one, a simlarity score val ue associ atedpre@omcizsm of a
cal cul ated hi stogram being all the nore #oy/as t he nunber of pixels for
said binis far below the corre- 0O spon%'ng m ni mum r ef erence val ue or far
above the corr.espondin i.mum ref erence val ue; and identif he Ltem as
e ng par t aPtig BT AF PR daPapBredrieRie ¥Em st s ek bitaf ed
simlarity segdtehivdbiasef dcl3oncIhe system according to any of clainms 10 to
12, wherein, the pixels of said digital imge having each a correspondi ng

| um nance val ue, saturation val ue and hue val ue associated to a col or anong

afinite set gf cqhorse 8ach 6010k Qlit 15 SHLreBl uEGhALS FRLISHPRRTINT Lo 2
di stinct specfral résponse, e |g|?gf |hgg% processgng WY g S oper abl e
to, for cal ciinsiidrdgerableitst ogram o count a nunber of pixels, anong the

pi xel s within said zone_ having each a saturation val ue above a given

saturation val ue CtlRpaSrontarideers vabige psseeipise totherties is said gumbst of Rix- of
whi ch hue val &g 581{)?0?@?{56& ?htg\{eefé gTia %Ilgfe'né%galﬁgst isid %QCI%MQ og;eyﬁlnhig'tﬂgrahh reshol d

val ues defining a or or to obtarn a nunber of saturdted pixels
for said col of pach mongsitnlilerifyi scetesvalid dskorigad th zbine Mwhiatchlaasdehistopragat ur at ed

pi xel s, count a n er of pixels of which |uminance value js bel ow a given
| umi nance thﬁﬂs@ﬂ@m&/a}oa%l%awﬁéiuﬂlbaf RNk @nﬁ%%iﬁi%ﬂ I9ER" pi xel s,
count a RYMOER,Rfin PIEISnPfefMUER al WBrTENAR W RS ricspiiemeahfin #71 nance

threshol d value to obtain a corre spondi ng nunber of white pixels, and
store in thecmuorylusaind obt ai ned nunbers of 0 pixels; and calculate a

bl ack and ¢ he wnitgPLEAITb PHE O Tl AV BUEriarsB &t A0 O vel s
for eachcol okphOfalduMeSiRfitycRbRwlaRd the cal cul ated nunbers of black
pi xel s and white pix

15 13.  The system according to any of claims 10 to 12, wherein, the pixels of said
digital image having each a corresponding luminance value, saturation value and
hue value associated to a color among a finite set of colors, each color of the set of
colors corresponding to a distinct spectral response, the digital image processing unit
is operable to, for calculating a histogram:

20 count a number of pixels, among the pixels within said zone having each a
saturation value above a given saturation value threshold and for each color of the
set of colors, of which hue value for that color is comprised between two given hue
threshold values defining a bin for that color to obtain a number of saturated pixels
for said color;

25 among the pixels within said zone which are not saturated pixels, count a
number of pixels of which luminance value is below a given luminance threshold
value to obtain a corresponding number of black pixels, count a number of pixels of
which luminance value is above said luminance threshold value to obtain a corre-
sponding number of white pixels, and store in the memory said obtained numbers of

30  pixels; and

calculate a distribution of the pixels according to the colors of the set of color,

the black and the white, based on the calculated numbers of saturated pixels for each



els, thereby formng the histogramfor said zone. 14. The system according
to any of clains 10 to 13, conprising: 5 an illumnation unit, operable to
i |l um natwot2omy/iss@m Wi t h el ectromagnetic r a di ati on of pargirzemnspset r al
range; and an inmaging unit operable to ggnyert said received

el ectromagnetic signal cor responding to el ectromagnetic radiation

flected t i il i nat by .t i | ' i .unit, into th
il cat  ronsBF obHEH bhSLAG G b UEeh brbE AT oo R e o
the digital i.pgRrddyIs@sias: AP RSN PhSligiensai d i mage processing unit is

operable to receive the digital rmage fromthe imaging unit; and the system
further includes a control unit operable to control said illumnation 5

uni t, imaging,unit,and. diqgital. inmge cessi nit so.as to synchronize
thei t opera dion 158k tink PR QRN pAT g RSnE oi tal " rmge o

the illunsnated iahemamdtigd 06€SSHerdlSi Wudligité de itdrAaaEth dbctrobggnstistem
according to any of clains 10 to 14, further conprising: O sensor neans
operabl e to d&étieawefa geesprdil Bogerddi tem rel ative to the i maging unit at

whi ch said i magi g irlﬂglih iu'?ﬁt. Gf. %R:lt% ﬁv%ri)gami?‘%éé&\%idte%ctﬂoﬁﬁgﬁ?t&fsiélgﬁ’ c.blt-em
and to transmt a tri g%r signal 1 ndicating the detection~of sard location,
wherei n the ceapbndihg timkekciranfgnetibesdiaper @fibeed on rtee gevalltinéatadi iggehe ibi gna

fromthe sensor. neans .and to synchroni ze the operation of the.illum pation
unit, imag- SUTHRGIUMIRLARE B getd) ma%aﬁthﬁeta‘%g% PRFTEfF {0 Basadt Bi! digi-d
recei ved hri gaemn.sd @At digh@t imbRe pRXelBp Ac4Rr ding to any of claims 10 to
15, wherein the digital image processing unit is further operable to:
process a referemderaigi tal inmage of said reference item as for the

digrtal 0 imge of el Lemoh SRl APhhalbil f 82K AONRRN it HehehEnce

imaging unit; and
the system further includes a control unit operable to control said illumination
15  unit, imaging unit and digital image processing unit so as to synchronize their opera-
tion for illuminating the item, forming the digital image of the illuminated item and

processing said digital image.

15.  The system according to any of claims 10 to 14, further comprising:

20 sensor means operable to detect a location of the item relative to the imaging
unit at which said imaging unit is operable to form a digital image of the item, and to
transmit a trigger signal indicating the detection of said location,

wherein the control unit is further operable to receive the trigger signal from
the sensor means and to synchronize the operation of the illumination unit, imag-

25  ing unit and digital image processing unit based on said received trigger signal.

16.  The system according to any of claims 10 to 15, wherein the digital image
processing unit is further operable to:

process a reference digital image of said reference item, as for the digital

30  image of the item, to establish for each zone of the reference digital image a refer-

ence histogram; and



ence hi stogram andassoci ate m ni nrum and maxi mum ref erence val ues to each
bin of each e s tablished reference histogram each of said m ni rum and

maxi num rebensnassigal ues bei ng obt ai ned from a correspordirmrp@ontizdence
interval. 5 17. The system according to,any of clains 10 to 16, wherein the
digital image processing unit is operéb?z to: detect an outline of the item

on the digital image. and.conpare, sai.d detected ouytline with ref erence
out | me. cor r esporePRE LB ERATT EREPBHEW FORe b Pt bol Feblhevor ¢ he
identificati QRS AdféeAccOhistolpfanh,t &IhOH $hid fmifidhdn d@HehEthueh Sstbtchee
mat ches said reference outline. 18. The system according to any of clains

10 to 16, wherkichbeihgobliagicd lon araefecspordbies somtglened intarwloper abl e to: det ect
an outline of the itemon the digital imge; and 5 select the at |east one
zone so that any selected zone is within the detected out line of the item

19. The syst am acqae didigmtadcartingad asy of flinddl( © 163 wheasiptHesdigighl iags f or
restricting the digital imge of the itemto a control area on the item
which is o wWPHfCHIENHELISAPERPICIAt | i ne of said item 20. The system

according to clalym.19,, YNEHELP gieh?e&%ﬂghg?iﬁﬁ?ﬁgn%rinﬂs& P gﬁdadele%l%ﬁ' on

said itemor an inprint on said item stem acc Ing to any of
claims 10 t o odflinewhthr etefertive odiklgictlrespoadinigng theeferdree dper ald e t 0: detect a

pattern on the digjtal image_.and conpare the detected patfern with a given
reference pattern %gf‘ﬁaﬁef 19?5“{}%ét191b?1€rr@i‘?éle°fit£‘%ﬁ? Pl Esrifgee? oai o
de tected,pal},8iR MRiHESSd kberchel sitBACe pattern; and O authenticate said
detected pattern, based on a result of the itemidentification operation,

if it is estimated that said detected pattern matches the reference
pat t er o 22 o Ol R S S ETHAS GO B O toCf 6, SHBEAE tib Uidital Zmided ©"
processing unit is operable to:
detect an outline of the item on the digital image; and
15 select the at least one zone so that any selected zone is within the detected out-

line of the item.

19.  The system according to any of claims 10 to 18, comprising means for
restricting the digital image of the item to a control area on the item which is

20  within an apparent outline of said item.

20.  The system according to claim 19, wherein the control area corresponds to

a label on said item or an imprint on said item.

25 21.  The system according to any of claims 10 to 20, wherein the digital imag-
ing unit is operable to:
detect a pattern on the digital image and compare the detected pattern with a
given reference pattern corresponding to the reference item, and estimate if said de-
tected pattern matches the reference pattern; and
30 authenticate said detected pattern, based on a result of the item identification

operation, if it is estimated that said detected pattern matches the reference pattern.



Itemon a production |ine.
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22.  Use of the system according to any of claims 10 to 21 for identifying an

item on a production line.



