- 1 - METHOD AND SYSTEM FOR | TEM | DENTI FI CATI ON TECHNI CAL FI ELD 5The
present invention relates to the technical field of control systens for

aut omat ed production lines. Mire particularly, the invention relates to

i magi ng devi ces and corresponding real -tinme i nage processi ng neans and

met hods used for production control on said production |ines. These inmage
processing neans extract color information fromdigital inmges of items
(i.e. products and/or 1l0Opackages) on thé-productlon line, in order to
identify different types of itens by conparing the extracted infornmation
with tenplate information of reference itens. BACKGROUND OF THE | NVENTI ON
151 magi ng devices are of conmmon use for controlling production on automated
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 |nage§ggig@ﬁié§@%§¥;ji§ dgggé #E % ﬂgg@ ocessi ng neans then
automatical ly é ¥E§$; 1 ﬁTj? I‘ﬂ'{zn t hese digital

i mges and identify different types of bottles (fromtheir shape and/or

di mensi ons) pgﬁﬁﬁgigﬂgg#gﬁlconveyor Such identification is used, for
exanpl e, for |ng the bottles according to their type (shape
or content, etc.). Inmage processing neans can al so detect colors printed on
| abel s 25 conprlsed on a _packaging of the ite or .on if. cmitself

t
(for exanple, on the bott THsPisFEH iSRG S0Pt Fr’iifhf‘i"'f‘lleg‘ﬁd&f cgrirdet |y

printed onto thgerhd ﬁ;%u@nﬁted%rd&ﬁ%(ﬁ' [18E. Mdte D@y, The iAlertiBR feltbL@uced on a
canning line), “so as to allow packaging inspection and/or pattern

i denti fi cati oimpging deviegsying correrepndifg Teakiinge AARECHUPGeaTiRg means and meth-
ods used for production control on said production lines. These image processing

means extract color information from digital images of items (i.e. 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, cte.).

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



through its matching with a tenplate inmage). For exanple, on canning |ines,
brand patterns ea furthernore be printed either directly onto the cans or
onto sleeves which fit tightly around the cans. There are
many known techniques relating to inage retrieval and processing (in the
field of content-based imge retrieval) which can be used for identifying
or inspecting an itemfromits digital imge. However, these techniques

ei ther lack precision or involve time cgnsum ng cal cul ations, and are thus
not fully adapted for automated productfon line control, particularly on

hi gh speed production |ines. For exanpl e, the classical

t hr eshol di ng §; ique in the. R or . ce. ("Red. en_Blue'.) |acks
preci sion as ?I)?&%ge@ ﬁ%‘ cﬂ%&l%’%@ﬁ%ﬁ%’% ‘iﬁ%%%()ﬁ:g% °|“1;]"(’)]rgrf§ IQ%IEM#% :‘(IJerr?sf ntensity
i nformation. Biand patterng can furtherARrabe phsted eithorpdiectlyUsntpahe pinsagrpinteat i on US
2004/ 0218837 di scl an m rocessing techni que wherein a digital

i mage of an i@lﬁ‘?ﬁe?‘é’ﬁllcﬁ%gﬁg@&gaﬁ@%ﬁé}ge?aﬁ%o bl ocks, and for each block a col or
hi st ogram and a bri ghtness (I um nance) hi stogram are established. An
average brighnmess is further deter- 20 mned fromthe brightness histogram
for each bfock, as a bri JHERe4S ofaBythgown|teghpiguat Temingdadmagy esieskbnt at i ve
color (for GXMrﬁeesﬁiﬁg: AH IMABA4 60 bMtdntivasH 8B R afh Rx@xi@htd%ﬁb‘é%&g

hi stogram for e€ach bl'ock, as _a color feature information. Then,
conpari son beforedentifyangoer ihwpaetingen itphofremtiischigiel indge. dowévealthdsertegh- and col or

feature inforpatiqn.ofia. tacge nALL: | e 1L.S.R rped. a bl ock-
25 by- bl ock badrgyied ad prBligeh of BRRE RO IRAR: tedttlond AARR AP *, 7 OF )
the target i negdullyddaptad furanpamnicsproduftioolinereenirg, proticutolyontdghvepged f urt her
conparison_ between. cal or feature information of the digital inmage and col or
feature infor mﬁ‘il%lﬂ gf‘est he target conparison inage is perfornmed (also on a
bl ock- by-bl ock basis). for each block, both, involve a heavy cal cul ation

| oad (at |least for determinin he, saj d. .t hi,st.ograns) and the use of only
one or both of these "av P’éﬁ’éa%lpgeartg"rrﬁaf?%ﬁ‘?f ?Shg@m%ntﬁ? et“ﬂéh%%ﬁlﬁ arity may
not be preci sglen@ueN(“Red [GreenCBRESX bRl précidid D Rs BRREHnftr ARWCIbRAtiNd Ne (for
exanple, for identifying a packaging or a brand on 5 a packagi ng).

| magi ng syst eflorialpanyivadrons mtgnsify/infsmatiohed in order to identify itens
based on g¢plor features in a HSL ("Hue Saturation Lum nance") color space,

extracted fromdigital imges of these objects in the context of assenbly
10and packagi ng i nspecti éa aapibki cxampigad)S patent application US30044021883 %, US

pat ent applicati 004/ 0 6 Y > fnfa%%f ol
characteri zat ?El)rcll%glg %?gaagr%éezéa%gég é?ﬁ“ﬁé‘%f‘?’?%%ﬁ flgdrl@ t)‘[‘5\» é’g%‘f ﬁ%lé? { on in
col or mat chi nfirsesegmented mtovbloclts, halcfat taxrh bicbhiaoRy disegrans &gl Cloighinedd f eat ure

vectors for asuring,the simlarity between col.or inage ased on a
di stance bet \'Iglgﬂmgqueg F‘SPO%% P \efsézg)?%l?eg; ARy eFagr qnghtgﬁ‘sr@sq’%%dﬁgerbf a
target image @ined WinttheRightneisHi@bgrad| @ e 6I068S ak Addrighinedd fefieliat € i mage.
A color feature vector is herein constituted l?%/‘ t he percentage of pixels
assigned to eREWIn (Y 2dSPESPBAVE SRlepHpy pxample ansiverage 6Pl Kidsteyr am of
the target | nRgRdIRSEtheQdIdiB sty @hHEHr @hch block, as a color feature information.
 Then, a compa-r.fson between color feature information of the digital image and
color feature information of a target comparison image is performed (on & block-
25 by-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



20 the respective pixels (i.e. each bin corresponding to values of hue,
saturation and |Ium nance), a pixel having a weight fractionally distributed
across a plurality of bins, according to a "fuzzy nmenbership function" of a
"fuzzy pixel classification". 25However, such "fuzzy pixel classification”
within a HSL histo- gram (with bins in a three-di nensional HSL space) and
the subsequent simlarity determ nation have the i nconvenience to be highly
demandi ng in conputing resources. Thus;3this inmage processing technique is
not well adapted to real-tinme itemidentification on high speed production

lines, especially if every single iten130passi29 on the line needs to be
identified &urshrdloddrbothEnyaikENRagKcalculation load (at leagt fordetenigingithe above
mentioned |initafi CLar SFUA Lor BolofthEs 8 eriddy 8RLIQN 1S
therefore ai %%@é%&%%ggl |ﬂ§ld§ﬁ§§%ust ea c-(%ribtr?e %ys}%gm acﬁaéga%correspondi ng
met hod for i deers fof gstingating the emilarityrmay dotghet precisaenpagh Anthsbjoatekt off a t he

invention is to,proyid .pr.oduction contr.ql .t.ool which is apted to
hi gh speed pr%’%%ﬁ% A9 P%édzl 15\5?% %aénpﬁ‘f’ g?{ﬁg%nf&yén%? Barcg?%l%loro%l\%%/dp%g, whi | st
bei ng capabl ea pickpgingessi ng digital images of every single item passing on
the line, for precise identification based on color analysis by conparison
Wi th characteristic to features fromreference identification data, all
necessitating only |im tegaGRiTitchRGhalEBRUTERELlY developed in order to idefnot her
object of the invention is to provide a system and a nethod which are al so
capabl e of pr BiyuETHPaset & ereeicgures In ¢ S8Le("Hye Faiugttion fumigance”) color

Loi dent i i cat (AR RAREESPIY dfitaf iddel BY these objects in the combki df ARAUMPT 0D et
of the invention'is to securely identir an itemon the production |ine. 20A
further obf ecendofackdpengigspaetion;applidabenssyst em and net hod accord- ing to the
invention is to allowidentifying a plurality of itenms on a high-speed
production line, even in cases where there is no gap between nei ghboring
itenms and/or apparent pafor examplewdS paenttapplicitign {5 200d0328326049 disese it ens,
such as conesponding to rotate osi.tions of bottles, or ns. Ly ansported on
a conveyor. 2 0“32‘gswnfé{Cao%&ﬁ%?%Sﬁ“P8ﬁ“Fﬁeﬁ?¥¥ﬁ?xhggﬁﬁﬁ?éﬁ%dﬁggrding to
a first aspechppitationeini dolee nhdtehinge anipedisemateh docati@p SThid 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 cach bin (i.c. 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, cspecially if every single item

30 passing on the line needs to be identified.



a) selecting at |east one zone of a digital inage of said item and b)
for each zone selected at step a). establishing a correspondi ng hi stogram
of col or 30val ues of the pixels of said zone, - 5 - c) for each bin of
each hi stogram established at step b), conparing the nunber of pixels with
correspondi ng m ni mum and maxi num ref erence values of a reference data set
associated to a reference item and determ ning whether said nunber of

pi xel s is conprised between said referggge val ues; and 5d) identifying 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 le'v”fjgﬁyaﬂﬁEHEERRH§9ﬂ, nmet hod of identification needs only
limted comput - ing resources tor identifying an item and allows fast
processi ng conpatible with real-tinme applications, as only one-di nmensi onal

col or histograns (for ex le for hue val ues) .are estahljshed and,used for
conparison with a refer eﬁﬁw&’a’t’g{hg‘é‘g?vec%‘?ﬁ §%%%‘81“ﬁ6°1{56’q]§h? B?cg(gré)ﬁﬁ% item
and conpri si ngt,ald presenpinseloans thalelRs ainled at prodiignBbisurdaEimekyspinkel s and
maxi mum nunber of pixels, for éﬁfhgﬁpoc_bin, I%This_Linited amount of data
nevert hel ess 219 bIETIRWE| "8 Tthhior iftentifyiecasy feghirom a digital image. Angbror ding t o
anot her aspeciectadf thdW@veditans tdtoviat a pkRRctbn @hirbiNBolaRaMEs RIINRAGtedN i temis
further identified as fully corresponding to the reference itemif said
number of pi x@high seedpivdpcion lives oreingsitgnes off pvehyofmenahilsbbeismch 20
bi n of each hj, . BACH 70! } L earkespandenge qcondi tion in
Fact ol ows o R Ry Do asyGE Rt O Sk g e RERGRRINGLGE G0
di gi tal i magepresibey identifigation based oniqeilarcaalysie dymomphasontwdth: characteristic
The inventjongal | <estinati ng a, partial simlarity.between 25an item
and a ref tédr en%eggu?e? eﬁ%d ?eﬁg? ’ﬁc?}s}a%glgig%}%{l f\dg%é’%%\l}géeﬁ%?ﬁ%ﬁig%%i%wg‘? %%mft"g the first
ing resoutces.

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 cang transported on a conveyor.

25

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

30 values of the pixels of said zone,



aspect of the invention fiirther conprises the step of: e) identifying the
itemas being partially simlar to said reference itembased on simlarity
score val ues associated to the bins if said nunber of pixels is not com
prised between said reference values for each bin of each histogram of each
zone, a 30simlarity score value associated to a bin of an established

hi stogram being all the nore |ow as the nunber of pixels for said binis
far bel ow the corresponding mni, nmum nrference val ue or far above the
correspondi ng maxi num ref erence val ue, Such scoring allows to finely
estimate a .sinuilarity between the 5 itemand the reference item even in
case where, f® f@oemah binnef aath histogtans exsaplialedragistepibigeomparing thet ramber pg
nunbers of pi t ues,

due to a Iocaﬁ)%l e g&csﬁ(ﬂldu},gon{ flra gér? d?%ﬁ%i%g%{ﬁ{pvaﬁ&t%gr}gﬁﬁ%@e in a
printed brand qaatsbeerssbomtedam aabfesnat itezm aofl detemtiaing wheother sid muns®r df piri nt ed

br and pattern) to a further aspect of the

i nventi on, Fssls ﬁ?ﬁ@r‘sﬁﬁi Betpgen faid rafeban%Vag s obtained not only fromthe

\(/qul i bl eI ; pect rdt) rmcna@kmga{h%q;chr @srb@{céafdndn@rfosfsatdl l*cf&ﬁcneé ekl i ¥Big NRkiber spect rum
or spec ranges for exa i buting rent ors to
different par tpé’“{irl“fibP‘Pﬁ‘1 15 BEeEiH Y eg‘grelfc&"’ Frb{""ra'alF%“é (%GP‘S “}Sn‘fnﬁ%s ages),

and t hen using g(,?gtrlgaspg,neléggcrepresent ation, based on the attributed cal ns,
for the pixels of the digital imge. In the general case, the color val ues
used in the present invention need thus not to correspond to the

t hr ee- di mensi onal Cl ELAB ﬁf%p%g&e&tﬁlg SRR t11$@é %vaﬁrﬁlrtegrbm}gu{ can be

based on arbitrary spectral bands se ecte visibleand IR
parts of the iingerdssuressifbrideitisning pedemumd dk}wvszf&t mm%mg@bm@tdﬂe wpbct r al

- bands can fur t %ea%P@ceat ?’%f gﬁgtflg one-dLme sional color h&@éﬁ?}}ﬁgfor eka[hspcf% ﬁ)‘?r to

allow a nore precrs Ica ormatron re g to uration and
| um nance may hat s;alubs S edablihbadeazﬁdhﬁeéfsn cahyeriban tx/hh aateﬁarmcaeiatar wned | ow
conput ati onal cost c Er ai r} an i rrprgverrent ovq

COITCSpon ng 0 a reference item, and comprising only two scafar values, i.e. 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 fo 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



25use of conventional HSL histograns (i.e. histograns in a 3-dinensional
space) ap- pears desirable. According to this aspect of the
invention, in the above nmentioned nethod, wherein the pixels of said
digital image, having each a cot-respondlng | um 30nance val ue, saturation
val ue and hue val ue associated to a color anong a finite set of colors,
each color of the set of colors corresponding to a distinct spectral
response, the step b) of calculating a histogramftuther conprises the
steps of: bl) anobng the pixels within sai'd zone having each a saturation
val ue above a given saturation threshold value and for each color of the

set of colors countl t he hue. val ue for
that col or is™eBHSWN % @FB@?@%éﬁpyﬁﬁq%ﬁgﬁﬁgkd%%¥ﬁwggﬁ'?8mv§P S4B ni ng a
bin for that sehokfddmcebilad or far ihend i cofrespaidii@hedmpinxelciontovalgai d col or;
b2) among the pixels within said zone which are not saturated pixels,
counting a nunber of -pixels of which the | um nance value is below a given

l'umi nance thresh- r0 ol dgyal WRrink QGRS Al fncly %Magég%glaﬁ@, papharmof bl ack
pi xel s, and counting a nunber of pixels of which the |um'nance value is

above sai d¥ | ui§mané éhertefeero itamy eNendn cess wisraifor semedrinseefibadistagranunber  of
whi te pixel S’re"l’é? ﬁf‘éﬁe i?é%ﬁet;ieco Qﬁo‘%ﬁd&t&'&tﬁ& fﬁvw?ﬁ{ézhg n%‘@s&)Uﬁcﬁ#lfd pi xel s

for each col or e set ors a t'he cal cul at ed bl ack
pi xel s and mhﬂﬁamppnehs%<manc@Ha@ﬂﬂg&at@Bﬂwdnswwhmnmﬁﬁmfmamp&hepmmkels

according to fhe.col ors. af ) Iac and t
thereby form &u%%tﬁfg a%rle'{egé:r am ;?ag? sa|a8 gtsrﬁébn ‘fﬁff 4in %) il ?%‘P?%’wam above
aspect the inbendparm)t he col or histogram nmay be corrpl eted with black and

white pixels on the basis of the saturation and |um - nance information,
but renai A% a one-di nensi onal col or hi st ogram thereby all ow

According to a further aspect of the invention, it is possibie to use:

digital images obtained not only from the visible spectrum, but also from other parts
of the electromagnetic spectrum (UV or IR spectral ranges for example), by attribut-
ing different colors to different parts of this spectrum (i-e. forming “false” color im-
15 ages), and.thenusing a sort of HSL representation, based on the atttibuted colors, for
the pixels of the digital image. In the general case, the color values used in the pre-
sent mvention 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 TR 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



20i ng increased precision for identification at a still |ow conputati onal
cost. The nmethod of the invention may al so conprise a further
conventional step of outline detection, followed by a conparison with a
reference outline, so as to validate an identification at step d) in case
of matching of the out- 25 |lines. Mre precisely, the invention may
conprise the further step of detecting an outline of the itemon the
digital inmage and conparing said detect@d outline with a reference outline
corresponding to the reference item and wherein identification of the item
at step d) is further validated onlysaid de- tected outline nmatches said
ref erence out bf nelcrb, each color of the set of deilors sorr¢spendingtece distinet spaciehtre-on
allows icienti & ng |. ontact. The

i nvention i nd&&€d 4 % bm)\é,@é%%ﬂa%} a%ls?(%’gar% &tcgggen%é}fws I ﬁ%ﬂg J"l?f‘fcect s due to

t he presence, bmmrao@ahem@lelgmmin qaniaagmg: hefingeackla qdaxraauon ehlat abgyetaogivano or
nore itens (Wmchvve field, wh ital i e S
acquired). AcEgpationive Si‘?qﬂéfa f"ﬁg%(lfy re Eﬁ’éﬁ? q‘Fth‘a%gﬁrﬁ f‘é‘fﬂuﬁ%g(ﬂn\&%ﬁg to

| kei nventi gn @RyixblF RafchGRMId whiet hethet Qs 1Qf:ordﬁis‘aﬁl>bt&@cxﬁﬁv®gln"ﬁféﬂ he of the
itern on the digital |mage and,  at Stegqi%r 0?5 ectin gast one zone
so that any s&renplddvaiisssgefiningp bk fr thabookerta @&F"E)H‘t‘ 5z}turlaﬁ: Pl Thi s
feature of the,ispMenil,on assures that image content of any zone of an
acquired digital image of an itemon 10 the production line only relates to
this very itelp @veng the nixelswihinrsaidorona orhich ap 1ok saBISH iNvEls, COWEINEH t he
D O 1| R B A P 0@ AR Wk 16308 V! i AQURAATD) €5 Of
production |ines whe the | bot es or ctans) are typically
transport ad alold;raést mmzm@nmegspmdmg/ml@mngfebimﬁq ixels, taadrsounging ¢ nurmbeont act

15 i Cnel ot MGE pixd DS WA IR RIS (Bl RBQLOSRE RENRGICY dhliDld T PRED 1 T O
15 with inaging ea sure at a on any acquired g|

i mage excl usi vblain d@kt@k@&&h@nﬁmﬁ&r@@kw@it&: pizols; aden on hi gh speed | i nes.

Al ternatively i,tal pge of the item.may. be restrictedto a control
area on the |E’%QWFFB‘%‘*F@WWr?"‘ﬁ‘ﬁ?erﬁﬁgﬁ?tg‘ﬁ.edd’t’r{qlﬁ ﬁée C?iflrd’%i%ceﬁ%?oéor exam
- 20 ple, in caBR dddehé caBUIEd AumPbs VIR pithnakl ahild pEedecdidutainpys on a

conveyor, the control area may be a ne tr| on t e cylindrical, surface
of the car’ Sﬁéﬁlb&“?‘é%‘s the pixely ﬁ“d’Fdl%@ tB‘? &'ﬁ?rélo 0818}'/ ééerﬁ?)d‘eﬂ“fiﬁl?% ate

pi xel data ”th?t@ﬂﬁ&&@i%ﬂmh@%cq{?ﬁég’r%ﬁﬁ&@@,mﬁ@y be perfor med in several
ways. For exa ram ng the digital imge and not taking into account

pi xel data frgpﬂ‘rwb@?@r@é& s daithe ghougraspeethiae ﬁ’%"&ﬁ%ﬂ‘bélﬂer ealpohigioagre®ay §¢a cont our
of the control g 13805 Pk Qn the BRIKof B BWVatiBRARS 1AL
restricting the @ggg{a ]ﬁ‘s%/?gek\?v !Pﬂ‘fl?%(al be usedb W when i’achull ring the digital

i mage so that nmlme inforoedtion.onit rdmesindi aginealimensiagel eomdrhistagirae.dheareptdlleweont r ol
g‘r_ﬂe)a/‘ gget I}Et%el 111 mcreac;e&1 ptregigglntfdr&%%%irﬁgi a?!s filﬂ%g/ fxﬁ;ﬂ%ﬁ%al 'c%ef ??}E/e:l'?: g‘}[_]efm;o
Rat her conprise a step of cal cul ating sal d reference data set froma
reference digital imge Olf saigd'eff rence.item px execut | ﬁ%‘tht he steps a)
and b) for the reference dcg¢at ?nﬁ‘@ém%mﬁlsmf%a COMPrISC & HUTher 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,



5 establish for each zone of the reference digital imge a reference

hi st ogram and associ ati ng m ni mum and nmaxi mum ref erence val ues to each bin
of each established reference histogram each of said m ni numand maxi nmum
reference val ues being obtained froma correspondi ng confidence interval.
10Said possibility is inportant for easily adapting a reference data set to
a segnentation of the digital inmage in a preferred set of zones. This
possibility is also inportant for easily adapting a reference data set to
speci al circunstances concerning the iféﬁs to be identified. For exanple,
in case that several simlar itens to be identified on a production |ine

have angul ar positions rqta w.thin,a.range of [.5.p0ssible angul ar

val ues when their digi ta?ﬁ ia;r‘r‘gtg%rsas:%‘?%q?"e%%‘i}%ﬁ?glw Eldfﬁﬂg’?ngd%enﬁr‘@@?@e

i denti fi cati oarcalosatogkthemoricscsini dohtaOThd aventior wried dllodRltysuppibigdse di gi t al
i mge per iten}){,,s‘ acqui y ed. fFor exanﬁ)l e, inthe latter case, for each bin
of each zone YP'°t RETY P’&ﬁ‘g?ﬁ%ﬂté fuseig dhe RIRENES OR spYR disHgl Wl%?’_rﬁf_ﬁ’ﬂ' d maxi num
reference val 4as rd@iheli8 tH6 bL Bt RGns| (WRBhavEStn B vIeR! £AE M Heidial | mages
of the reference item corresponding to various rotated angul ar” positions
of said refer i9aes wasadurcdb rrcagingdy. disguethed falidessfing #1 e wecondiog e

menti oned rangShe B emathi N GrthES oM é‘iﬂg‘stgbk’m WedeteRfindd G lithe 3 dhd g, maxi num
nunber of pixel seere' the c}g%cern{e)?pglbn an zoneeteg{}neg?h{&ﬁégﬁlgor? et21 respondi ng
col or hi st ogr emthegligitahimagetandfat step @), seleetingithd stdbast onmgrese so that any se- o

course, a bet eGled Db gi% %{?&Stgﬁgétgcgedéﬂxgiﬁ}g int}%aiféng '?Fh%ffefr nﬁeéﬁgmgn\#oelg*i 1? g ns of

obtained if the nurrlge ar ‘values of -
t he ref er enceasstiesrtbanohage coftentrofi pigeronefof 20 nagiired dightal idiagd dfadn iteage ar e

| arger. For exanple, .30 ;n.,,,a,. canning Line, the (cyl.indrical) cans. carried on
a conveyo% ma@‘e %"@CWB} g’ﬁﬁeﬁnlﬁd‘?a@f ?‘? g\‘f‘s"ef%r‘tf)‘ﬂnév%ﬂti‘trwa&}f‘i%’&?@&“‘%‘ﬁ s) in the
range of 0 tondgibosegieds on THeusodustibh lifd. Bottlih@asds dr\oBnrikf Bieeagewell gi t al
i mages, corre%lg)ond‘i ng@ieo respective positions of a reference can rotated by
an angl e of 188efidess 95Px “§%°‘]_' bressey erdm theoierey (g botlles B£889 ¥ ni ni mum
and maxi mum r 858N EEnspakdCioRR St BeShVe R v I&RSecRlivd BAX bdlin! Gher ence
i mges (and thus associated to the reference iten), becones possible from
even only 5 offet mtgi:eg%h -Dﬁhﬁﬁ’ag@e aaventien thug gllows to precisely identify each 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

contro} 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 area 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.



The above nentioned confidence intervals (one for each color of the

hi stogram, for determ ning the m ni num and maxi num ref erence val ues for
t'he nunbers of pixelLs, may in fact result fromany other statistica
treatment of the color values of the pixels of each reference digital inmage
fromthe set of reference digital images (for ex- in anple by weighting

t heeount of pixels according to the bin and/or the zone considered).

stead of validating itemidentification9-at step d)) if a detected outline
of the itemmatches a reference outline (see above), the invention
according 15to any previous aspect may fitrther conprise the steps of:
detecting a pattern on the digital inmge and conparing the detected pattern

ith i f ] L LS i 10 N ; d
Wth a given reference pa%%%%%%ﬁgrtﬁce R eﬁlof*am iBvdnll n&ﬁg%ﬁ{moﬁ, S0, an

estimating if said detect rn nmatches the reference pattern; and
furt her usi ng seproésaltilatofy saklereferaane ilae st iffoncatdfarence pléigitat invge pOsaid ref-

aut henti cati ng 20sai d ,det ect ed patter jf.dt.is estinmat.ed.that said

det ect ed patt %F%C?Tﬁ?%’h%’sexteﬂgmgél%eﬁt’ep-s a?/@é ‘f}atlf) by ﬁ?fgrencer@gl%? 1HABE SO ltot he
above as peGE bestalgl};ﬁ fonvant 088 of @i tefleaick fdigal inspeaf rdfrencktidsodymf ukd | mage
processi ng ased. on one-di mensi onal cal or histograns,. as alre 2

expl ai ned) ser¥§RtRE m&ﬁ?‘ﬁ@rﬁ’flfl EREIHE 5?%553??3?@%&68% ."?W}’?t?@}gheds
particularly a&z@ﬁ&@ﬁ%g@m, fachad fOsaRPARM OB ChiRGumasfttdnSe 4108 Bamger 1 or
(for exanple, if the pattern detected on the digital inmage of the item

i ndeed cor r esPbRiRsd fromya easteaspanding cprfiderssinisttlnot to the iten). 30The

i nvention also concerns a systemfor identifying an itemwhich is operable
to inplement the nmethod for identifying an itemaccording to the

i nvention,10and al so the u3sd pefssibididis dppertant fos easils@daniting b mejeraresi datricon a

Par i cul arl y, ' REATNAREpR Pl P RRR RS BEEcR oBFofcones This posstiit ey ¢ on
line is discl akedmpbddiins fig\estilyradeingra sfengca dah gétttaspdcmhgiecuprsbicessiong
cerning the items to be identified. For example, in case that several similar items fo
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

1s 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



unit including a nenory and operable to: select at |east one zone of a

digital image of said item establish, for each selected zone, a
correspondi ng hi stogram of col or values of the pixels of said zone, 10said -
digital image processing unit being further operable to: conpare, for

each bin of each established histogram the nunber of pixels with
correspondi ng m ni mum and maxi mum ref erence val ues of a reference data set
stored in the nenory and associated to- 13- reference item and determ ne
whet her said nunber of pixels is conprised between said reference val ues:
and 15identify the itemas corresponding to said reference itemif said
nunber of pix foraIne e f f .| east N
of said bi ﬁs ﬁhétﬁér s Eﬂal%@gt&gﬁ ogglﬁgigﬁﬁ\g&ﬁ ?D%wr?gén ron will
be descri bed mpemfmltdtgd ikmhfctféﬁo d@cmnrt'mwaﬁcmt@mtmntoéatchebmdonpanyl ng
drawi ngs in rese t hr oughout t he
several fi gu\r,\ét;a]dsn%lﬁl1 d lﬁﬁ M%rﬁ %Prgﬁf \%ﬁies 8@%’5‘8‘? ﬁgg éélteeﬁi Lo ge?ergﬁzg I nvent
ion are il usinfagteEnd Bivk EfsoRSTH RT tdEiNekde itthlF, HIRMNNGSIRB from even only
Fig.1is a flow c{) Y"r‘ﬁ dla%a}glllustratlng an enbodi rent of the method for

i dentifyiny affSi%® 4% the invention. Fig.2 illustrates a digital

I mage segnent ekt dbaOmanttinedl @bifidén@f in®BRARTone for éach color of the histogram), for

determining the minimum-and maximum reference values for the numbers of pixels,

may in‘fact result from any other statistical treatment of the color values of the pix-
els 'of each reference digital image from the set of reference digital imagesf(fér exX-.

10 ample by weighting the count of pixels according to the bin atid/or the zone consid-
ered).

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

15 to any previous aspect may further comprise the steps of:
detecting & 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 pattem.

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



30Fig.3 illustrates a reference data set corresponding to bins of a color

hi stogram - 12 -

Fig.4 illustrates an automated production line including a systemfor
identifying an itemaccording to an enbodi nrent of the invention. Fig .5
illustrates a control area on the surface of the itemshown in Fig.4 5flg 6
illustrates a digital imge of the control area shown Fig 5, astakenby the
i maging unit of Fig.4. DETAI| FD DESCRIIPFION 10l n the nethod for
identifying an itemillustrated by the.tlowhart diagramof Fig.1, a
digital image of an itemto be identified is divided into K zones (K 1), as
represent ed othefirggntior, 2ohelgo the psapisajdblemtiotidentifying Reaym onar Epdust t er, ZN

is a zone mdgz)(nwwt Qs&cfﬁe@ chgipcndcgc!aﬁ’nﬁa bi n !ndex with 1<i <M so that

a col or histogram éorres on zone ZN, i.e. 11(ZN), conprises M bins
15 corresponding to Mdi stl nct color values, and B(ZN,i) is the nunber of

oL XEI 5, cotresponding 10 gl b8 ok Ao LA GRS o F L)

respectiveby gRdueRppdnd it disslosdd)itiisi BysinRempasing b xkdimbndage praxdssitgn nunber
of pixels, set for identification of the itemwth a reference item of
whi ch t hese r BRibISRAREPMFREY 2BHORCEARG PPt ut e characteri stic features (the

ref erence data Sefielcotat%aswh%zsﬁioﬁ%fd@{ak irhd}@ oP&id Berf reference values, in
fact constitutes a "signature” of the reference itemin terns of col ored

brand pattern). C}bid\?b% @, caglhelgefediz98e, AOTTRPPIGBE Ristogrrn okbeplorraligtial so

that any B( ZN h?h ?&e]fsq,@gal&: nreesponds to a percentage of pixels in bin (i)
of zone ZN ( I% S case e reference val ues also are normalized).
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.



25 An exanple of a reference data set is shown in Fig.3. In
this exanple, for each bin B(ZN,i) of a zone ZN, wwth i =1,...., M=17,
correspondi ng pairs (2) of- values of the nunbers of pixels Mn(ZN,i) and
Max(ZN,i) are given and respectively illustrated with histogranms (2). The
seventeen bins correspond in 30fact to fifteen color bins, plus two bins
for black and for white pixels. - 13 - According to the
flowchart of Fig.1l, after a start st ep 43100 and initialization step 8101 of
the zone index ZN at 1, corresponding t0 the selection of the first zone of
the digital image, the color histogramfi (1N=1) is established. Thus, the

nunbers of pixels in each;di ;dgdll
processi ng nmeans and the%’et ﬁ%lgtfratéi(%x)auﬁ{%t cor{rioeﬂgﬁ(%eﬁl1 ?%%ﬂ!%ak%?(
B(1,i), for ifotidentifyie andteuircednding tatn subqliBx02f thAunvsnfspz 5103, for a

current bin B(1,i) of H( ls.le IXESIS

conpri sed between the re#%e%‘%#@lg&%gﬁ n%%l"lﬁ?%gégrhdﬁu%mt cﬁé? ?er{l)g e if the
condition M nigTFig} < B(1,0 < Max( 1,i) is realized. In case the condition
with respect to the reference val ues is, reallze for a nunber 1
of realizations of the c%?"n’jgt‘]il‘lf?ﬁa‘ie% al%@%ﬁ@%"eﬂ the ol %rf@ﬁf}o%mas to
count the ovemlglslaM$yg@§,n@gﬁigmg®szgﬂl ons when testing the condition
for the various bins of the histogram As soon as this nunber | reaches a
given threshold value N (with: 1 <N<Kx M (step S105) for identification
with the reference item in at |east one zone anong the K zones of the

di gi tal |mage the itemis taken IS for identified with the reference item
(step S106). PETAHSED DESCRIFHON on is not realized at step S105, the next
bin (i+1),pf histogramH i ext bin

i ndex doesd)not exceed thieﬂ\?%t Geiho%?léﬁd&h?ff@ﬁ%%n%ﬁ&s %tg%F¥| orfllte\t/}"\n ﬁéﬁpt hi s next
bin (i+ 1) i Sdl&@‘@timf BEg.1st alipiGl 08agei affant ¥em cobe édepiifict Isgdl}znaactmdi K ef erence

val ues M n(ZN,i+1 N4ax i +1 t he valye Nis 20
not attai ned 71"08Fb %ﬁ\gqs{ B S§mefl|€2@gﬁgﬁ?ﬁlest(ﬁ&gwf%‘ﬁma%%ci %% Ag ﬂ%rﬁt zone
(ZN+1) of t heinalftg] mlmamanda Wwilleh< s iKd €66l a 8in inldaprithl 091 <4 ¥4, §i s zone
i ndex val ue dopes n exceed the val.ue K(stc%léllo he corre ondi ng next
hi st ogr am H(Z'%?Ff)c & RSP LOBEPARIIES 17 516 - CosRIes MGy 1t o

bi ns B(ZNsl. Ocdrspongin@do Mwlbﬁhce@ézémgcunagséml;m QIe rﬁxﬂib@f@ﬂ}ﬁ%ié’&)r“es

M n(ZN+1,0 and Max(ZN-t i)) is tested at 25step 5103. In case all the
bins (i.e. foiespoading to theyjh bif ofihe histasrars HKENY of zome £} Fompath bin “Tikef ar e
expl or d i hak z&mmmmei\ér&ﬁ@lvmég LRENGS aﬂé’l@la?(@m%tx’e%%emteﬂﬁcdrt emis

taken for not identified with the referencé item - 14 -
respond to a minimum number of pixels and a maximym number of pixcls, sct for

identification of the item with a reference item of which these reference values
20 constitute characteristic features (the reference data set, i.e. 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,i) 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 factto fifteen color bins, plus two bins for black and for white pixels.




The above nentioned condition for identification may be nade nore
restrictive, by replacing it with the followi ng condition of full
correspondence with the reference item the condition Mn(ZN,i) 5 B(ZN i) c
Max(ZN, i) must be realized for i=1,, ,.,Mand ZN-=1, , K, i.e. the nunber
of pixels is corn- 5 prised between the reference vaI ues for each bin of
each hi stogram of each zone. This nore restrictive condition, in fact
corresponds to the case N=KxM (i.e. thefd- maxi mal value of N, for a given
nunber K of zones and a given nunmber Mof bins in each histogram wth one
hi st ogram per zone). tQJo practical applications, it is sonetines useful to
detect only partial sim |Agcbtdingotthe flrechaef @itipteafict emiaitrtped@Oahdf ul |

correspondence....l.ndeed nnot |0 t he
various cal cul¥f flgﬁtéoncg?prﬁe@ gﬁ{‘c zch"p cf(%\gn‘t alcﬁmst??lgdr}ﬁ%{olatgérl%%ﬁg% nay
nevert hel ess R}@E}@tfﬁsﬁzﬁnébgﬂhe tiggralnimabe ahs colbrdtistepcamH(EN=2) i reasidisbed. of
defects on the_ ite precl udi ng, full rre dence 5.the possibility
that the item] 5‘@?»6%@‘?5‘?{%1 og Felss ‘&rﬁaﬂ/%&’soﬁsﬁgﬂra@? @?‘%Wideglf ghé‘htﬁl ’I’—"?ﬁ% Cexanpl e,
for a samesbr apgeQtheBmBn9 dhE the sSIBH daidvinhiRtd QR®sidadinBeo €19])aH.6 B(1,if, he
patients on the items may correspond to different categori esﬁgﬁg\fsarre

product line (@1iicé,. »ﬂ\@risé?k‘ér?ﬁfi@t sqtp it $re Atesippsdt 035 fog arfarrenf bany er age

with or wit hoﬁ(l)sﬁgﬁfcst@@@ﬁ'rﬁ%er ixels is comprised bctw-E@@ﬂicQUf@féhé@thlﬁcl@US al | ows
using a scoring technique for esti ting partial simlarit in case a full

corr espondencet)lr&;)nlaIiln&@t%ll),sheﬂthmd@nnwleﬁnéﬁr%lﬂl<W{lsh)lclﬁrﬁeél scoring

h I
e all the moret BgasdiPfEeRlondul el Be PRy i ool ).

is far fram alamumfbet hef tembzauonsrm‘*stpemmdnt@meﬁmemmewalstﬁe§lﬂﬂ,rﬁ(ozalsl tp) and
Max(ZN, i) . There | Lties for o [ Larity
ex gﬂ]ﬂﬂf e ?‘66?‘ a Z%@ﬂ eﬁl ESUCih. I‘C% Za'{éOIE%OVF] eeniﬁftf%% tﬂegconglti%n Irqh

score. For I1'S POSSI | e to use a
| i near wei ght lv@ﬁo&Qfﬁb&&"@WﬂBtﬁg‘aﬁlOAts Beonarikis divfbariatahedy ZMi hreshold

B(ZN, 1) M 2o (it B SR PR & MukepNTDY) o IGRORL B THHER TS 11 near

function of t%mginfdct%aﬁ%gz@e(a%[&ng)cﬁeKtz&féﬁofﬁleﬁi lﬁfakgéyheﬁlﬁdﬁiﬁtmhue may

depend on the inverse of' such weight (for exanple, a scare prog@g b- 15 -
Si

liana! to 1§/ ( foryntifednithdhe re&rﬁpcettmf(st%%l%? i §35¢ ffsi GRAifipryisjnot le, as
long as it is 1&9@%6&&1}%1%5th%mekh§ina(kw%fm%%rurqﬁz&@@ﬂ&@id&tcda%mexarml e, a

non-linear weight 1ik ther increase the simlarity
scores rel ati fg07:of $nmndxt @a}] ingex dsfes got gxceed 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).



Having formed these score values SC(ZN,i) for each zone and each bin (i.e
for and ZN=1...., K), there are also many ways to estinate parti al
simlarity. For exanple, it is possible to retain only the highest score
val ue over all the zones, or retain the highest score val ue over each zone
and cal cul ate 10 an average score value over all the zones (possibly

wei ghted, for exanple according to the respective area of the zones).
However, a skilled person may consider ny other possibilities for the
statistical treatnent of the various s&gae val ues SC(ZN,i), in view of
estimating partial simlarity with a reference itemfroma digital imge.
15 In a pr for entlfylng an
itemaccording to the i n\?ielﬁt ?%V(r% rg%gg)gé-c{:%% 1oflecf' 1ge%g9§f°r?elﬁasyg

hi st ogr ans, bmemctcstnctmvecbysq:»lmg tteqaﬂe&eﬁbﬂﬁvnﬁgl codditidreoftiiulli doftbspoage i n a

HSL col or sp as. 1 ndi gat ed A e, hist m hi n r.espondi ng
to distinct pﬁ?eélﬁ‘é?mﬂetge h‘%%e%?l’ e“?dge ﬁ%‘&“"ﬂu‘i’l“ﬁg@a)saﬁzgﬂ %?M’V‘Ziﬁé)s and t he
| 'umi nance val ugg RiGalus@orfiorn, commMeziag, tRei i %Wo%ix@is%cﬁﬂﬂl tional
"bi n" corresponding to black pixels and an addi ti onal "bin' correspondi ng
to white pixepised éﬁ‘b‘ﬁ°‘btb€dﬁ§§¥“é§<’e@1‘é%lf®"rcaﬁh binoefreash bistogiwg! afcredit ¥90¢i ng it ens
havi ng dark pggt ﬁxo?é‘l%tﬁﬁtl%" dolitioR 8 £ coBBGohiUS Y éa@é"ﬁ SRR £GhS! ON Tor
identification purpose. 25For each zone of the digital inage, a saturation
t hreshol d val m@ximg ‘@IMN \fmacmvm}lmd:@p&mﬁzmwsméa gyprenwaes Miefldas  and
whi ch serves s (i.e pixels of which
saturation va‘}‘lcjéédfl@&g wi"ﬂé“%%%‘? i%r%fgé?t hreshol d val ue, whatever are
their |um nance val ues) Al so, for each zone of the digital imge, rwo hue

t hreshol d values are giv er. r of the hlst depend
on the zohe consi dered. Eﬁgg’i‘ é)cé‘? ’fcaté‘?‘\?’eh “hﬁ%m?t %ﬁgﬁ{/ﬂg‘ft@“&g@f or a
col or i n factpaiedl ismekriay with thefrefchacditah ogreadvf il obh@@pomh&f H{deb® if WO

thresh- old val.ues con tltutln the, r ective extrene hue_val ues of the
bin). The vart g‘k}s‘:"ﬁﬁ’?pf’g GFe GANGRT e%ﬁ@‘iﬁ‘fé}éﬁrﬁ’m&%‘% iopfrtiRd Bt Par t it on

of the col or faBuUghtAPAFEEM0H vma@mweecedh@ressbée&se &f sibhificddt $1c@9rreM

These hue threshol d val ues serve for counting the saturated pixels for each
col or (hue) of*amplenadresenernd defegisten the digme(pracludings HH comespopdeacdledt ned col or
of the hi 8§ 0GHAThssHIARy MMTIES itSh LERAN RLELDNR AREIS Qi RES D HEmY LS 15
corn-prised bet%ggn the correspond|%% ue { f%sﬁygég F&%? gé?lnes t he
nunber of satexempkediopiageins brand. Omlﬁepredmt,empbwdum@n&m the colSseh thyi pae! s have
thus a wel | S i t.h val ues may

al so depend gh&?ﬁgq?i %ﬁ%ﬁﬁgggﬁgﬁg%%%§?§%9g %ﬁéln% gnf%ﬁégﬁﬁé%gf%

Al so, the nunﬁhkc, fof exaouples at the atseabf panseh sanof bexcrrga@ith av iwithout gugar add nance

val ues, i. (“jm)nance val ues bel ow a gi ven Lum nance threshold val ue for

t hat zone mh hay depend on the zone consi dered, are counted as being

bl ack pixedls for that zone. By contrast, the nunber of non-saturated pixels

of a zone having high Iugknance valueﬁ e. lum nance val ues above the
gi ven | uni nance t hr eshol 40 ®Vegiop ghusafigys IeipRE seorige dshmigedionssEtng whit e

pi xel s for tha @ﬁﬁsmﬁ@ﬁ@rmmw ﬁﬂmoier@pémeﬁp@glr{mr&mgﬁsh&dﬁ%b%@ntl on, a
hi st ogram has 2 20 bins, i.e. the previous M bins corresponding to

di stinct hue SPRPtEAE forzweh ¢ : ot thptresirp it sqeemeli atn (ibote zaok Z2hdiewhi t e
ol ude, for Saen Fomet b Bl BoRGR B8 R nunee? o i ORE PS8 or bt ack
pi xel s, atd tB&@Nn.nb fﬁnrﬁoan@yrrdthm wetgoadice roferbnreyafuey Mi{ZNg) midxel s.
Max(ZN,i). There are many possibilities for calculating this similarity score. For
example, for each bin “i” of a zone ZN, it is possible to use a linear weighting
corresponding to the mere difference D(ZN,i) = [Min(ZN,1)-B(ZN,1)], if B{ZN,i)
< Min(ZN,i), or D(ZN,1) = [B(ZN,i)-MAX(ZN,i}], if B(ZN,i) > Max(ZN,i) (i.e.
30  the weight is a linear function of the difference D (ZN,i)), then, a similarity score

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



25 O course, the identification condition at step d) al so concerns the

bl ack pixels and the white pixels. In fact, the nunber of colors to be
consid- ered at step b) for a histogramis here sifiply increased by two, by
defining the black and the white as two new colors. Accordingly. the fl
correspondence of an 30 itemw th the reference item now necessitates a
nunmber N = K- x (Mt2) = N + 2K of realizations of the condition for full
correspondence (i.e. the nunber of pixdlss - 17 - is conprised between the
reference values for each bin of each histogram of each zone). The sane
"extension" of the nunmber of colors is also to be applied when considering
Sa][t i alj fsi m | dondl yo HE+EPk Eofvicrd, alyeiter apn-Bneas ivgighting ispossids, esloages al so
efined for the black.and.the whit J- _ - .S, 1f . ectivel
cone- 5 spond?rf& c?ﬁ“ﬂﬁll%’r???rﬁv%}ﬁgh Cﬁ%?’%ﬁ%&%ﬁér%gﬁ%g&\ggﬁogg%t,ﬁplg’ra &Qgiﬁﬁ%grcul at i né
t he ref er encewdighaliseD” {withm el)ewiinftahdiigirtat thenmgdsitgscorentelasingdo above.

If the digital i qes g npri se extended spectral information, such as is
the case of "PAFSEESI%! i mages”, the |1 SL representation is correspond-to
ingIK adapsed or extended to a nore general col or space. In
anot her enbodi nent of the_invention, which en n any of the above
menti oned aspects or enbdHVHgrieEngk thesgescorg@ y? gﬁ&l}iﬁﬁéﬁﬁhﬁ%’(‘?&ﬂ of a

pattern detectgd 0GR, £ 91t al vi B gR=1S . 3 AR re 4ifo many ways to estimate
partial similarity. For example, it-is possible to retain only the highest score value

over all the zones, or retain the highest score value over each zone and calculate

10 an average score value over all the zones (possibly weighted, for example accord-

ing to the respective area of the zones). However, a skilled person may consider

many other possibilities for the statistical treatment of the various score values

SC(ZN,), in view of estimating partial similarity with a reference item from a

digital image.

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 correspondi ng aspect of the nethod for identifying an itEl|l then
further conprises the steps of: detecting a pattern on the digital

i mge and conparing the detected pattern with a given reference pattern
corresponding to the reference item and estimating if 20said detected
pattern matches the reference pattern; and further using a result of
the itemidentification operation for authenticating said detected pattern,
if it is estimated that said detected p@ttern mat ches the reference
pattern. 25The above nentioned pattern on the itemnmay well be a bareode or
a text, for exanple. Then, detection of said pattern is respectively
carried out by of ..a.barcode reader and OCR ("apti.cal .character
recognition” )’X’lg of _ﬁl&%goen_sﬁ%ﬁgg E%trﬁs(g&ct{v&%{r%rp? g\ﬁsva&%eé r?ga}eﬁ’é‘%r E@WW"PE ation
phase fr orr:c i npais of phea in ﬂgeshblgszeﬂxles)ﬂbﬁnga ;ﬁﬂitﬁ? o?ﬂﬁ;tc@g,f( fnm) @ﬁd‘;ﬁhﬂl mum and
maxi mum r ef erence val ues, expl ai ned above or making sure that a
detected ref e&‘&?}@@‘%&f%@?ﬂ?ﬁlﬁgﬁ?g?aﬁn'mtch- ing a given reference pattern
corresponding to the reference item is really a valid - 18 - one. This
aspect; of the invention,_ by using such "double checking" by neans of

i dentification based on B8es hwsltseshrldstabigs seree foiauntoe thesybmtthpixr ef er ence
vak ues) and ¢R@bd Glehichof lihule) F aWohd) of i et{iglfa?% eP?.E.tftgf Bach r@@eﬁilnéfd' ncreases
the quality of control of "hans on a p,roguc I on nhe. For exanple, the

t net hod al | oweplerexfdhs histgsrams thiernamber of sewragedopizads ofiehitiphucavshictieemf a
certain type whi.gh . 1N o i tem.of .anot her type.. for .exappl e).
The i nventi ong%eggg%%ﬁtgg% %&gsp%%l %Jﬁh }girptﬁ%%h%tkﬁ%ﬁeﬁéi eé%bit eer%ﬁm%?gﬁ i's
oper abl e t o i swpirated pixeks Her the epsespéndangycoddr. $ivh pilatsieavereng iaondiddefiapect s or to

enbodi nent s of ,the. net hod .accordi o the inventign.. e

Accor di nghy, Gk EySE BT e DdE ATGTRY AR PRy SFisRA PR JretRIORE | ses a
di gi tal i nmageitqm oagiisied dJoidbdtificaednudi ng a nenory and is operable to: sel ect
at | east one zone of a di,gital image of said item

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 valuc for that zone, arc counted as being white pixels for that
zone. Accordingly, in this embodiment of the invention, a histogram has M+2
20 Dbins, i.e. the previous M bins corresponding to distinct hue values, and the two
bins cotresponding 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 twé, 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.e. the number of pixels



| Sest ablish, for each selected zone, a correspondi ng hi stogram of col or

val ues of the pixels of said zone, said digital inmage processing unit being
further operable to: conpare, for each bin of each cal cul ated

hi stogram the nunber of pixels with corresponding m ni rum and maxi num
refernuce values of a reference data set 20 stored in the nenory and
associated to a reference item and determ ne whet her said nunber of pixels
is conprised between said reference vatlies; and identify the item as
corresponding to said reference itemif said nunber of pixels is conprised
bet ween said reference values for at |least N of said bins, with N> 1, of at
| east one zonds camprised between the referpagervalugs Eor legch bim of pach hiptagrane etiegshoduct i on

li ne incl udi ngql ?ﬁ‘d”‘%{f Rfen -xﬁyét{tﬁ%ﬁﬁ?ﬂerio?%&fo%f%iaﬁg t@@ciaf)ﬁf&%fcﬁr ding to
the invention shown 1n |g.zf, the system conprises an Irmaging unit (10) for
acquiring a dicghdiddring magil efmikenity aespecifit) apber 6.c. ainvhrity scorspreskat ed) on a

12 th ti | i 3 dijgital i i it
(13 Tor procaBtngPuls PR il bPipEd of 4 o i BT RaBeRET R 10) ' anc
a menory (354) sheidimt @mingmand efirane ecfelaiad vaRks), or wi calchila€ing yitrefn nay al so

conprise an illumnatio ni 15). fqr. illumnating the it 11 ith
st ?Ebia | i ghtl. eﬁig‘&%a%lﬁﬁ%BMF%eéé'ﬁﬁé‘ﬂgﬁdmg@égﬁmﬁWﬁnF&ﬁl?ﬁvﬁa!ti gnm l(.lni % ;Ms an LED

If the digital images comprise extended spectral information,
such as is the case of “false color images”, the HSL representation is correspond-

10 ingly adapted or extended to a more general color space.

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.

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



5 lighting unit or a | aser strobe (for visible light). Qher types of
illumnation units allowillumnating itens over a broader spectrum (for
exanple, ranging fromUv to IRIlight, i.e. from300nrn to 2500nn). The
imaging unit (10) nay be a digital canmera (a CCD canera 10 or CMOS canera).
However, an anal og canmera nmay al so be used, if supplenented with a
framegrabber anal og-to-digital converter so as to produce a digital imge
format. The system further conprises a- %ontrol unit (16) operable to is
control the illumnation unit (15), the imaging unit (10), and the digital
i mage processing unit (13) so as to synchronize their operation for

i1lum nating e ]ﬂqﬂ f bl ditem
and processi né&sa %g%)egcl th ?gnghggn %E{S&i}gu& nglg cg%%mrgolbggx?gga %’?L?) on the
surface of theicnttf@m:mhz)scénd Héﬁgcceon hlbtngmmat(asi @mtb;gmthag refomges (fdlB) of the
control area i.lem ‘ 10) The
digital i mage‘gi#%% a%tiern hng %%)a ?favp%eé%a% Wea{lﬁrg' IP%fFas?Srr@ggua? recei ved
from the i magésngrolsd itenfslod)a- prﬂﬁtﬁ:ﬁﬁn fih¢! Fat e;tampmef &mnasoc{ ?;llﬁl&ﬁiﬂgﬁhu(gfwr e four
zones as an e or each zone of the di i mage
(18), the i gﬁwgf e"%ﬁﬁé’@%ﬁ"‘b@éé& g U ﬁeffe*méypfd@er 1 B RSP B*E,‘ ndi ng
one- di mensi Onﬁioﬂﬁg@b@é 16 &lag@tedm by divi di ng the col or space (dependi ng on
the spectrumwi dth of the photons the imaging unit is capable to neasure)
into Mbins (for exanple, M= 17, as repre- 30scored in Fig.3), and

counting the nunber of pTﬁ@'xx?veﬁﬁ&PalQé @anteﬁhst h?s{e fb? i&’e‘:’d&i. W §:Bla each

bi n. Preferably, the system ma F1se: sensor

i rteali 8 operwhichisaperiblede impletens sl Ws@faltmtiﬁt @rtm eﬂemqnv@aﬁ?@dshe i magi ng
unit (10) . at to forma digital imge of
the item I(zlmd Cét&nglﬁés?nftb%gh ga&gr(fn%%t% Ilgatl ng the detection of said

| ocati on, wherein the control unit (16) IS further operable to receive the
trigger signal fromthe sens ns t a,synchronize the operation of
the 1 umi pation uni t ( 18-orRRgRt 16 ST AU TAHRRE B HFEaAenARBE Br ocess ng
unit (13) baspdcod dip@hldmsgepby@sing ﬁﬂllﬂ@ellizdﬁggm@dmoﬂﬁn'&’i@,b@ahﬂlwo:t he sensor
means may be a | g efalg:t z;[t Iié t 0?12: Z(];r?erof aldg igital image of said item;
15 establish, for each selected zone, a corresponding histogram of color x"zal.uesf
of the pixels of said zone,
said digital image processing unit being further operable to:
compare, for each binof cach 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 on¢ zone.
25
Particularly, in the automated preduction ling 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.



speed phot ography. This well known device allows very precise triggering of
the imaging unit and is particularly adapted for production |ines, such as
canning lines O bottling lines, wherein a production rate as high as 1200
items per mnute 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 exanple, if the production line is a
bottling line or a canning line, the it on the line (resp. bottles and
cans) may well be close or even in contact with each other. In this latter
20 case, the field of the imaging unit nay be restricted by neans of a
mask, so as t dhempgen mly;pib*owemdsﬁ arolllummetiorf wiit ¢8) Gwnitwsipying thoitem| abel on
a bottle or R]ispﬁlt boflg can). This node of the invention, which allows
i dentification VBRSPS 1%l are in contact, has been tested for visible
light illum nation on a high speed canning line (mﬁth 1200 cans per

m nute). Moreover, the reference v I ues cl.udi t he. bl a nd the
white, have been det er ni r{%(ﬁo‘&?n%‘%‘ﬁ !f%\tntﬁ'}@}éa’? gg'mén%‘%l“ﬁ]ltﬂsti}’ @Br ot at ed
positions af tfaprsybdingld Badr s&EBLS(HdrQ4TbIL 1igh) B@Qe;d@g@saﬁsu&ram@wmﬁmﬁ@e

l'ongi tudinal axis of symretry of t he cans). | ete identification of our
itens has beerd lﬁﬁtl@%ﬁﬂgdwnﬁw&?aab@a%ﬁg“ﬁmt(@ﬁ eyeplefereing HpRd%n a high
speed producthpﬂghggq@ B¥BBo0Rh tf Mdonf@r r espondence condition. - 21 -

The invention 1s n ITmted to the above enbodi nents and vari ous

nodi fications may be nmade w t hout departlng fromthe scope of the invention
as defined by the clainms.y 0, o unit may
be operable to acquire a p u%g?é?%ﬂ ?HQHH£,§$Q tﬁggh% qunggﬁgggtem
(correspondi ngr t@MB8i dahergntoveewy angﬂm@ cangardl rmyodsxs $c eagh iﬁfsupapéa d
acquired inages ch..as re ntl e
The i nvention néﬁni W‘HH ﬁalggg@%é&%b qggt P- ae’igl %@?é“n%"'ﬁ?o ué%{é gl%glﬁl%bai ¥o make a
conmput er conneghgdfofraata system for |dent|fy|ng an itemas de- 10 scri bed
above inplenment the steps of the nmethod according to the invention (as
descri bed above), when running on said conputer. The net hod

and system for identifyi ntheeygiehn ful@BN edinprisps @sGtrblOMit (m @%Ekdbng to the
invention, in any of its above nentioned aspects ed with a

hi gh | evelISof ceuiflithe Hunipgsion; ygnil pldh fopaeing wh {40y Em%‘g%td%%}ta? gragfany
appl i cati ons E)'r'&dassﬁﬁg unfitc{rl?))eb)éaam SnchlBhiel Hepio ?Q‘aﬁorpfo?’ﬁlﬁ%ﬁhﬂﬁgﬂw g on said

production i for tax val ue estimtion, , line production
control, line fmmjdmdmai fmage of therillymigsted rﬂiﬁmda@eﬁféﬁqsfﬁﬁ& saig dgital -
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 arca (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
(192-19d) (here four zones as an example).
25
For cach 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.



- 22 - CLAIMS Method for identifying an item conprising the steps of

a) selecting at | east one zone of a digital imge of said item and b)
for each zone selected at step a), establishing a correspondi ng hi st ogram
of color values of the pixels of said zone, said nmethod further conprising
the cps of: c) for each bin of each histogram established at step b),
conparing the nunber of pixels with correspondi ng m ni nrum and nmaxi num
reference values of a refer- 10 ence dagja set associated to a reference
item and determ ning whether said nu"gf"of pi xel s is conprised between
said reference val ues; and d) identifyng 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. 15 2. The net hod ac®osfetiably, tho sgdten mal, fusthercempriscakemsbemenh) opt he item

is identified fully correspondjng to.said reference i.temif said nunber
of pixels is %rgﬁlﬁli‘? g%%“t?e{o\%@ﬁ Ors}gbedg?%]‘@?té‘f’i’ct&tg%lwgfm‘t @ggcﬁ ‘tﬁ% * of each
hi st ogr am of @achinaaRainitd0 dpckiige RN dasaPithbO f the itehadndd trafguit her
conprising the step of:. . o ) . o
5 trigger signal indicating the detection of said location, wherein the control unit
(16) is further operable to receive the trigger signal from the sensor means and to
synchronize the operation of the illumination wnit (15), imaging unit (10) and

digital image processing unit ( 13) based on said received trigger signal.

10 ‘Typically; the sensor means may be a laser trigger for high
speed photography. This well known device allows very precise triggering of the
imaging unit and is particularly adapted for production lines, such as canning lines
or bottling lines, wherein a production rate as high as 1200 items per mimute 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 linc 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 ¢an). 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 distinet brands on a high speed production

line, even at full correspondence condition.




e) identifying the itemas being partially simlar to said reference item
based on simlarity score val ues associated to the bins if said nunber of

pi xel s is not conprised between said reference val ues for each bin of each
hi st ogram of each zone, a simlarity score value _associated to a bin of an
establ i shed histogrambeing all the 25nore | ow as the nunber of pixels for
said bin is far below the corresponding mni- mumreference value or far
above the correspondi ng maxi num r ef erenZle- val ue. 4. The net hod according to
any of clainms | to 3, wherein, the pixels of said digital imge having each
a correspondi ng | um nance val ue, saturation value and 30 hue val ue

associ ated to a col or anofy imvehtier isaot bmitesf todlg ahoze erabechmenss and Wi-t he set
of colors corr i .Skl g LEal e [esn e b) of
cst abl i shi ng. SRPORGLRel fef bbbt RboRRERHAR e FERARSR o Sy 3hfB ) 1
anong the pi xek definet! by thesdaichsZBmreximapiente elavh nensatedriabgiog umiainag babove a

gi ven saturation t\)/ial ue thres@(fjllg%a}gﬂgiiﬁir each, cal r.tof t he setd. oft col ors,
counting a nufBEPCBIO FAREY & PHFA AP Lnzeep AEL §B3'e (R CHERPANE R ooy i sed
bet ween twe gidRereew oS} ahd prerbssescidef daid fguitedointagéosuch hakir@dlor to
obtain a nunber of turated 5pi xels for said col or; h2) anong the

pi xel s wi t hi neé%li”&e(ggﬁéfem@ﬂt%‘émhot saturated pixels, counting a nunber

of pixels of which |um nance value is below a given | um nance threshol d
value to obtain a correspondi ng nunber of black pixels, and counting a
number of pixels of whi chifieunvantpR alsq andlieles § cappyier BWRED DIPHHEMPE™-t hr eshol d
val ue to obtai r g&@@ﬂgi mgabtgr . i j: : _b3) based
on the cal cul 3?1530%%55 saétaglrlat ed pai %‘e\gq%:%?déeﬁéc %glllgtr@goa%s c%ehe set of
col ors andot hecrigt abb et xplonganb dhesstapls of ItEciuethpg etoordimg tonthi imvepiiore(as,

cal cul ating a_di i IO f | X€ rding to the colors of the set
of col or, thedg%cgl%id%ﬁgé)tﬁg&v%ul}@g%%ﬁagég% %I m ng the histogramfor said
zone. 15

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, ctc...).



5. The nethod according to any of clains | to 4, conprising a step of
calculat- ing said reference data set froma reference digital inage of
said reference item by executing the steps a) and b) for the reference
digital image so as to establish for each zone of the reference digital

I mage a reference histogram and associating 20 mnirmrri and maxi num
reference values to each bin of each -estrabli shed reference histogram each
of said m ni num and maxi mum ref erence val ues bei ng obtained froma
correspondi ng confidence interval. 6TIAIMS hod according to any of clains 1
to 5, conprising the step of: 25detecting an outline of the itemon the
digital image and conparing said de- tected outline with a reference

outline correspondiiediod forideatifeiLAERAE cbihfiling?Rslsteps ofwher ei n i denti fication
of the itemat step d) is further validated only |l? said detected outline
mat ches sai d ref eP&fgding#t lpstone aum of pdigiak invee elceidrigmignd o any of clains

tom on tho. di gl C2I0) sk o Glected at fep o, cstab R b b one
so that any s@ﬁ@@%ﬁ%ﬁﬁ' épﬁsbwﬁsﬁﬁammhe detected outline of the item 8.
the itemis rost rPRrnpl g cofpBhE dekbppor 0% ol LAt ch Us i thin an
apparent outl i ne @fforsacidbintoefrach histogram established at step b), comparing the number
of pixels with corresponding minimum and maximum reference values of a refer--
10 ence data-set associated to a reference item, and determining whether said number of
pixels is comprised between said reference values; and
d) identifying 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,
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:

e) 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 cach 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 ecach 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:




9. The nethod according to any of clains Ito 8, conprising the steps of: ic
detecting a pattern on the digital imge and conparing the detected pattern
with a given reference pattern corresponding to the reference itern, and
estimating if said detected pattern natches the reference pattern; and
further using a result of the itemiden#é'fication operation for

aut henticating said detected pattern, i¥°it is estimated that said detected

pattern mat ches t referertee tern 10. .System for identifying an
item conprising ?)dqnéqn[géﬁe Plﬁglég"’a‘%‘%%éds?flﬁg‘anﬂgfm nacﬁaglﬁt't?ﬁ Y fuﬁéﬁr%‘fesa and
operabl e to: sg@leachtuadtioh @algt tleesdokiame foif cagh dbigt bathei sevgfecotdrs, Lattingt M

establish, for each sel ected .zone, correspondi ng his ram of col or of
the pixels of SEPE Cﬁfd’h’éﬁ?s far C}HF‘& Yagie fpﬁ%"eg gt & P’Wﬁa ggﬁ”‘iﬂe’ba’f%%‘v?’hrt her

operable to: hye thi6PORPYAues (iR IniBRGMNIRIG Bt RBfNo @Btadbh neRBE dT Shegedam the
nunber of pixels with corresponding m ni nrum and nmaxi mum ref erence val ues of

a referencé davglssersatbetiai ed in the memory and associated to a reference

item and determ ggﬁ}ﬁ sal g 8 ' b SRR L LSR ween said
reference val ues; Bg)n tghgé}?lgée}bngilngy%tgﬁgoﬁ% ‘glr?rflcg?e?glrt ?aespon. %Xﬁg’ %ogﬁisdégﬁd
reference it emiumbsadipinadsrbbwhigh ymiraics vilge cobalry ¢ eiveh dempatrreshicsholdef er ence

\2’? [Jes for at vlal%g% omaﬁfa §o%egpo%h&§’nu%5po{;\ﬁa&’ pi?efls,%hd logﬁﬁfhg%nrﬁmfb%pgf 30 -

pixels of which luminance value is above said luminance threshold value to obtain a
10 corresponding number of white pixels; and
b3) based on the 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 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.
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
each 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:



sai d nunber of pixels is conprised between said reference values for each
bi n of each hi stogram of each zone. 12. The system according to cl aim 10,
wherein the inmage processing.unit is further operable to: cal cul ate
simlarity score values associated to the bins if said nunber of pixels is
not conprised between said reference values for each bin of each histogram
of each zone, a simlarity score val we2associated to a bin of a calcul ated
hi stogram being all the nore |ow as the nunber of pixels for said binis
far bel ow the conktectifiy spouttindgf it ieriLon the Hizitehiemgy ahd) et siep fasecledioge t he

di £.m ference value and . ideptify t |t em.as bei
par il 1y Si AP 4F oY en e B Breioe Eustens by e arbord U EPhAR oy T

score val ues.ijtékp13, The system according to any of clains 10 to 12, wherein,
the pixels of said digital inage having each a correspondi ng | um nance
val ue, saturation value and hue val ue associated to a color anong a finite

set of colrsg. eacthoiliiia Aboldlf %hy BF HRACT B SR IRUAGL iPa? oF SU1 ot

spectral response, the digital i'mage processing unit Is operable to, for

cal cul ati ng athhitemdgresinicted brocontrobarpuptbie itot whishals svithgrasragparbiet optline| s
within said ;ﬁg&dq§ﬁéng each a saturation val ue above a given saturation
val ue thresho a or each color of the set of colors, of which hue val ue
for that color is conprised between two given hue threshold val ues defining

a bin for thaé col. I t%l batcairni a. nunb ri“v?ﬁ}' r at e_dj.rg% el_t_s_‘f r said color;
anong the pix&ls Wit HiSHREACEIBR O TROL KPRt CLBPTNIR VGBS s, count a
nunber ofigi xel s defectitiy 6 paltermionahe digital ieage Smbeboiparinggihe aldtebiddipaanae

threshol d valug to, obtain a correspondi number, of hl ack pixels, count a
number of pi X8I GO A ARG R SO ECPATIEE [ostha pRSence AP Pk aSHEREES Hhr eshol d

val ue to obt ajai @ieRdRERA AkdAGs ML BN pabthi #dPi xel s, and store in the
menory sai d obtai ned nunbers of 30pi xel s; and calculate a distribution

pi xel s; and . . > 2 di s]
of the pixels acdBibriginger revelt oty Berpridentifcasion aperatin dor, authratipitisek and
the white, bagRfidtddiRuEdl AUl RLRHMMIARRE Saif licRAbY pRtRH mBIN& fe kL, each

15  encepattern,

10.  System for identifying an item, comprising a digital image processing unit
including a memory and operable to:
sclect at least one zone of a digital image of said item;
29 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 cach 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.
39
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




- 26 - color of the set of colors and the cal cul ated nunbers of bl ack
pi xel s and white pix- els, thereby form ng the histogramfor said zone.

14. The system according to any of clains 10 to 13, conprising: an
illumnpation unit, operable to illumnate the itemw th el ectromagnetic
radi ation of a given spectral range; a _an inmaging unit operable to

convert said received el ectroni agnetie signal corresponding to

el ectromagnet i ¢ radiatiqn refl J:hem i , :

71 arm nat on dideambd: o Ty oBpiita tulsal s fftho RS GhR .
transmt sai dedihdiistogi@nmfigehtzond he di gi tal inmage processing nmeans; wherein
said i mage processing unit is operable to receive the gital inage fromthe
imaging unit; and the systemfurther includes a control unit operable to
control said iibl unThabystfn d&vottitid to ¢1AMBOI0)GvHeRdid tiRNiEhadb Grdoadsinighmdrels
processing unit so as to synchronize their operation for illumnating the
item fornPng f‘t“ﬂ@rﬂi’f‘@iﬂ%%?ozi mage of the illum nated item and processing said

digital image. 15:4dfific SHTaaITN REEIRRENGSSANY 1B bifid isdTB ndlbdr@f bik- further
conprising: 20 sensor neans operable to detect a location of the item

rel ative to t b ip petgomgricadi betvegen whifl e¢fersagedvaluen firsachulin of pachdisddmdne to form
adigital im ol . t r,ansm N eSS Rhisiddagdh cat i ng
the detecti Ongg?&éazy&‘?%fggt%lgﬁ{bgre i d%%ﬁgéitﬁd%we%%tcﬁSﬁaunsiu%g‘??g further
oper abl e to r déciopwl thedmoreriowygethesumpheal offpixeln fohenid bingsfar pelawsghaemre o
synchroni t he eration of. the illum.natio nit, |1 [ L4 and
g ta | Hge FrareaiEn RreREselroh A abh Rt Blrand PREMHAE,
erence value; and :
identify the item as being partially similar to said reference item based on

the calculated similarity score values.

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, cach 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



16. The system according to any of clains 10 to 15, wherein the digital
| mge processing unit is further operable to: process a reference
digital image of said reference item as for the digital 30i nage of the
item to establish for each zone of the reference digital image a refer-
ence histogram and - 27 - associ ate m ni rum and maxi mum r ef erence
val ues to each bin of each established ageference hi stogram each of said
m ni mum and naxi mum ref erence val ues bei ng obtained froma correspondi ng
\(,:\gnf i _denCﬁ i 3{:&@;\/&}"&1@3"g?elﬁfIdsierssaﬁdtfmmwﬂulﬁﬂseis(bf&ié@}ékqsﬁxécﬁl agam&@mo 16|, _

erein the digital, ipage processing unit is operable to: detect an outline
of the item oﬂg’t ek g&%&g@qﬁﬂ%@% OLBih7PE sai d detected outline with a
reference outline corresponding to the reference item and validate a
result of the identification gperation of the itemonly if said detected
100ut | i ne mat thes Biisysterapeeasding tocapy (of plaims Hgo IFrempyisipgim according to any
of ains 10.to 16,.,W N he: di.gital i-m 86D HAC i Vit ol perabl e to:
detect an %utl [ nea’no t eaﬁ?{l E%t,?ﬁ%ah% t(()jiﬂgl t'atgiﬂ%alg%?wgtﬁ(ﬁ@% 'trbmhgsneﬁf??e{

diation of'a given spectral range; and

an imaging unit opérable to convert said received electromagnetic signal cor-
responding to ¢lectromagnetic radiation reflected on the item iltuminated by the il-
lumination unit, into-the digital image of the item, and operable to transmit said digi-
10 tal imageto the digital image processing means;
wherein
said image processing unit is operable to receive the digital image from the
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 fo 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 illumnination unit, imag-

25  ingunit 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 i 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



15sel ect the at
detected out- |i
clainms 10 to 18,
itemto a control area on the itemwhich is 20within an apparent outline of

sai d

item 20. The system according t

| east one zone so that any selected zone is within the
ne of the item 19. The system according to any of
conprising neans for restricting the digital inmage of the

| aim 19, wherein the control area

o
corresponds to a | abel on said itemor 2 Inmprint on said item 2521. The

system according {0, a0¢ O ELALIP I 1S @PrendSERL Ot Blnditdln LOBY- 1 NG
etect"a pa{nt he " di gi a}f

unit

i s operable

0. ern on I 'nage and conpare

t he detected paflisiexdnrefidrénoc digogran, ¢aeh af saciempamtuar mdcoaxissporadiraget o t he
reference item, and.estimate. if said de ectefi e[é)']%ttgn mat ches the reference
U oane8Fs!

pattern; and JBWat PrdME qRtalRed o 4 corsesat

ntg¥8lad on a result of the

itemidentification operation, if it is estimted that said detected
pattern matches the reference pattern. - 28 - 22Use of the system
accordi ng fo dy offbeswicrsaceerding to eny efclaigedPite Jo-nressin theahgiBhimgsy oduct i on

processing unit is operable to:

i ne.

detect an outline of the item on the digital image and compare said detected

outline with a reference outline corresponding to the reference item; and

validate a result of the identification operation of the item only if said detected

10 outline maiches said reference outline.

18.

The system according to any of claims 10 to 16, wherein the digital image

processing unit is operable to;

15

line

19.

detect an outline of the item on the digital image; and
select the at least one zone so that any selected zone is within the detected out-

of the item.

The system according to any of claims 10 to 18, comprising means for

restricting the digital image of the itern 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.
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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.




