BANKNOTE VALI DATOR TECHNI CAL FI ELD 5The present invention relates to the
technical field of devices for readi ng/authenticating banknotes. The

i nventi onwelsn/ioneer ns handhel d devi ces, particul arly Pooge20vdiocdssimay be
used by visually inpaired persons, to identify different banknote

denom nations. 10BACKGROUND OF THE | NVENTI ON Optica
properties of specific marking on currencies, or of the paper itself, are
often used for discouraging forgery. For exanple, it is well known that

hi gh-qual ity non-fl uorescent paper (not commonly 15 available to the

general public) is used for ﬁbcurrencies. This feature allows sinply
detecting f ol ANKNOTEVHHIRATORot ocopyi ng a banknote using conventional
phot ocopi er paper, as said paper fluoresces under UV light illumnation due

to the presence of optical brightner agent (which absorbs UV light to emt
light at a hiITHEANIGAE EHJUID in the visible 20 region). Many other types
of marking are known in the art: for exanple, lum nescent ink or pattern

printedson the banknote The Plrédent ﬁfveﬁtléﬂeﬁaieeltdtﬁmmsslemd osecuri ty

t hr ead, narkln
1T ot at e GAFBC A" | AT DR B Bt Skbatep ndheaiantion Gl ency, whi ch
i ncl udes randonedpnd hhsdhuky idegicd; lpghﬁculaz@ ﬂ@@@ﬂﬂﬁé}yn&m s ussdl when exposed to

W light, or the Peruvi gn currenc 0 ecific.small features
havi g br i ght UERCRAF dee0erah el WERsbE RS S i Binknot o
validators are of common use for scannlng a 30 banknote and determ ning
its denom nation and/or authenticatin as illustrated, for exanple,

with thE bandHSCEGROVNR QFSTHW@% QN the fol l owi ng patents US
5, 640, 463, US 5,960,103, US 7,378,665 B2, US 7,55 0,736 B2 and EP 1 471 472
Bi, or the patent applicéhﬁbﬂlﬂﬂp@ﬁ35@%$@@ﬁﬁnwﬁﬁmgph@ahby¢e$hese banknot e

validators useyebleeyanee, anil ol RS AR IMLODSH] Sandle, the banknot es

relating to cer currenci es, under y ap rbprl ate |light
(for exanpl e,it igwelliona that hlBthqughtry)nontﬂﬂQi@scenmarp@r fndenomiady i on or check

aut hent150| ty a@%la%@é‘%&arhbggndérgl&g&%mlj {s%ed fo@t tﬁ%’%&‘re‘iﬁ%@%’h@é SnyrQ7 I Ntensity

rati os, | ec transm sal d banknotes with sone
corres pondl ng1 QWéfSénplm?@taﬂamégrgﬁm obfgined i phq;ammmge@ banknote

using conventional photocopier paper, as said paper fluoresces under UV

light illumination due to the presence of optical brightner agent (which

absorbs UV light to emit light at a higher wavelength in the visible

20 region). Many other types of marking are known in the art: for example,

luminescent ink or pattern printed on the banknote, a strip or a (possibly
luminescent) security thread, marking with IR absorbing ink etc...

Other illustrative and non limitating examples are the

Canadian currency, which includes random points having bright

25 secondary emission when exposed to UV light, or the Peruvian currency,

which too has specific small features having bright secondary emission

when exposed to UV light.

Banknote validators are of common use for scanning a
30 banknote and determining its denomination and/or authenticating it, as
illustrated, for example, with the banknote validators disclosed in the
following patents US 5,640,463, US 5,960,103, US 7,378,665 B2, US
7,550,736 B2 and EP 1471472 Bi, or the patent application GB

2 355 522 A,
35 Typically, these banknote validators use reflectance

and/or transmittance properties of the banknotes relating to certain



Some banknotes validators can further detect the presence of fluorescent
and/ or phosphorescent material (i.e. |lum nescent material) on or within the
banknot eswoanii@sesyomeasur e the correspondi ng | um nesceneeTinre@ossdsgr 1
OHowever, using reflectance or transmttance intensities, or |um nescence
i nt ensi ty, necessitates havi ng separat® intense pul sed Ilght sources (such
as high-intensity emtting diodes), and adapted | enses to focalize
reflected/transmtted |ight and obtain nmeasurenent data with a good

si gnal / noi se cnakndes, Timdsr mhingiwatidid by appadpriate dightoffoofexdrhplesUahni ng head of
a validator ifkf I I in case of
a handhel d vgﬁ{ %a%q EUlg‘l‘\:}g)r‘ %aoo@%g{lﬁlﬁgl ﬁ%ﬁ%&}ﬂeﬁﬁn% ?% ?Ckpa%éﬁéggl&l[tffé gm ttance
intensities, companng arhtmagi’éesalilht@usltjn tha:eshnidsabr nyertyt ratips, dérdight nat i ons or

di scrim nati US currency
reflecting aqgfll {’ sl@ﬂg@%%/gafld E%Ekn%%‘?s ]fsocl){l/éééroéﬁ%gﬁdgg escence, it
is not possi bfbf@rem@e dallscsrfpnalﬂthtﬂetl(abaﬁdmmegrfel t currency having these
characteri stics. b%t&a%lﬂﬁtt@rsv@dﬂ %‘ﬁ?&s defelf t?@t ter

di scrim nating various denom nations, use Ina specitic marking of
a banknot e, dxreS@e@eecpforﬁluoresmkuemgl/wthh@ﬁ@@n@tsi:emtl rma’f@rla]coﬁ@uctl vity

properties, dimirkScdhy iy EMIPLACE AR e RARKARLSHABE nfkBIRIfe 2 specific

pattern prlnt note, a strip or a security t a portion
free of pri ntcétfemlﬂélg)luumﬁéﬁmt%IWhe position of the mar Ki ng general |l y

changegbet ween denom natjRRseandy§hs i enfleltlfse R | gahahftdpecessi tates
using a further neans for di stinguishing width fromlength and transporting

the 30 banknheteasitiey, ofig lampestench risleghits BeoeRsites Haviaggearasate whi ch

i ncl udes Contlﬁt‘%hserﬁﬁébﬂl%ﬂgs&ﬁ&%%&h‘ca@'hlgﬁeﬁ%ﬁsitﬂ?gmfi’ttlﬁgﬁidd'egnaﬂi the banknote
in said passageway during a scannlgq?ﬂope tion, as to correctly find and

det ect properflpRigd olengese toafaepking, T Céedl/ﬁra]éi}@ﬁteﬁfo?ﬂéhtc@ﬁﬂl eRtain case said

checki ng ”UStm&‘éu&%{eanHﬁg What ey efooldS siihal/RSRE t 1AM, S«rm%enedk@éor si de 350f
t he banknote in the p Z)ggeway Besj des Dbeing detrinen

t
mi ni at 4Pi zat |1761H136‘F“%3F118n R iserpnaea Beask of %éra%qt?rdaw dif ? wlts al?(hrt her means

3 for transpendrbatgs itheodasHrnatiely ; da0é oﬁ@l@érﬁﬂfel@&a@idﬁt@ﬁr MofleaRehel d equi pnent
to be used by users (%éke V|suaII i mpai red ersons for ggnple) | ndeed,

sai d users woil"g PeEfreretHEe Of tRy H’@nﬁ%ﬁ”ﬁ esarrngt Apays ing it

through the \dcridah&ing Qértmaa@nmu@ﬂsﬁ@tdroalscmhinhaam‘gt countbitgt di ng the
banknot e. here.is._¢cl earl a.need for, a rogust banknot e

val i dat or ca&aakléot?o%mmpl& EBTHIRRY R CREN R RIRE AiNSHSC8 8 currency and

reliabby aut hﬂnhglﬁafmaqdulﬂesmﬂﬂnmmbe ani, nowposlible edlideravpnatde a handhel d
devi ce. Parti cul arflf% ther need for .such an handheld 10 banknote

val i dat or ad&Bt&d" C%rglﬂfé( a3"/mig &F CAYAFEFESHs, as it is clear froma
recently published repor Sonfe lé\ﬂikN&eEmglda&ﬁ"sJ fig Seteri diegiminkng f or the
Bureau of Engravi ng and Prlntln%‘n% which is abufr u hin the United
States Depar tABRES CFPOFHRALISYISE ﬁllngﬁgﬁgp?a i6.18ATkIDE pf %H’&‘r“é? s Options for
Enabl i ng t he oBldetedtiamdf Maskiad ivith Imjgietie thkl@Gomtuetivity ropdddeat nat e US
Curr ency. Corgltgrlvaé%tplz%%%n ?ll%al’lknol’ge ?Ifor example, a specific pattern printed on
the banknote, a strip or a security thread, or a portion free of printed
matter). However, as the position of the marking generally changes
between denominations and series, these validators necessitates using a
further means for distinguishing width from length and transporting the
30 banknotes along a path through a banknote passageway, which includes
control means and sensors for measuring a position of the banknote in
said passageway during a scanning operation, so as to correctly find and
detect properties of the marking. This is even more complex in case said
checking must be performed whatever is an insertion sense and/or side
35 of the banknote in the passageway. Besides being detrimental to

miniaturization of the scanning head of the validator, this further means



2009). SUMVARY COF THE | NVENTI ON 20The present invention is ainmed at
provi di ng a banknote validator that avoids the above nentioned drawbacks of
t he priorwenbi1/0F®9val i dat or according to the inventi onpomyErasionedssl be used
for validating a security docunent including a marking (like | um nescent
ink or pattern printed on said document, |uninescent security thread or
25strip, for exanple) operable to glow wth a specific color |umnescence
under appropriate UV light illum nation. According to one
aspect of théoi riveasponding thebhakkutte ivahotdappropfiete ifaternat ihhydhedd a

denom nati on of. t | i ng operable
to gIom/mﬁthEgﬁg%g%?ﬁﬁg&%gﬁgﬁ%kﬁ%$ﬁ%g?%hgégﬁghggghg%’Bgsgn Fdenomnatlon
under appropmkanpbwunﬂmghwaxﬂmwmsn@ukbmﬁﬁmonwrhsg$hehmﬂomy:wgiprOV|ded with
a banknote p r irradi ate
one side of ?’ﬁﬁa??ﬁ?s\{%ﬁghrgﬁgﬁh}%s‘%gé%{notogg%ar@ﬁ &ﬁéégg’glgg"@ggsé&?th UV T ght
in firsb wavdiokhog thelbankegte35and a first col or sensor operable to receive
correspondi ng first excitgd |y 1 | L gt £ob- ﬁﬁﬁ} tefkddik ough, or
reflected from said test q%ne@hﬁﬁ§8§5$ﬁa (% 8 6@ Lt source operable to
i rradiate onealidaier efpablecotfally diserminste thﬁed%@ﬁkﬁ%ﬂcéls\m farewReney ght in a
second wavel %Batxjaha{tﬁﬂﬂgﬁtheﬁhéété Mfdse YenSlithtiohs, SJvhﬁéﬁ\é%hl%ln&zteH aeaa{'ge and a
second col or sensor operable to receive corresgon ing second excited
Iunlnescence}mﬁ@%ﬂdﬂkﬁwgnP%ﬁ@HbQVhﬂEW@HSaoﬁ&ﬂe recBdart hangheldi d test zone;

10 banknote validator adapted to visually impaired persons, as it is clear

from a recently published report of ARINC Engineering services, LLC,
for the Bureau of Engraving and Printing (BEP), which is a bureau
within the United States Department of Treasury (Final Report, “Study
to Address Options for Enabling the Blind and Visually Impaired

15 Community to Denominate US Currency, contract S08-00156, July
2009).

SUMMARY OF THE INVENTION
20 The present invention is aimed at providing a banknote

validator that avoids the above mentioned drawbacks of the prior art.
The validator according to the invention may as well be used for
validating a security document including a marking (like luminescent ink
or pattern printed on said document, luminescent security thread or

25 strip, for example) operable to glow with a specific color luminescence
under appropriate UV light illumination.

According to one aspect of the invention, a banknote
validator for identifying a denomination of a banknote having a test zone
including a marking operable to glow with a specific color luminescence

30 according to the denomination under appropriate UV light illumination,
comprises:
a housing provided with a banknote passageway;
a first UV light source operable to irradiate one side of the test zone
of the banknote in the passageway with UV light in first wavelength range,
35 and a first color sensor operable to receive corresponding first excited

luminescence light transmitted through, or reflected from, said test zone;



communi cati on neans operable to indicate a denom nati on of the banknote;
and processi ng nmeans operable to control the first and second W

i ght souwwoesil/asie®9first and second col or sensors and t IreTmEPROMOOGE38L i ON
means, 10and conprising a nenory, wherein, said processing neans is further
operabl e to: determine a first coldr value of the first excited

| um nescence light froma first signal received fromthe first col or
sensor; determ ne a second col or value of the second excited |um nescence
15li ght from a secenehdUyniht seerk wperablecin ittadiase annside of tire wensor ;

compar e sai d 6l &L RGAERL QAL HER W SHALRAHLLIRAGE el ence col or
val ues corredponding fo aistinc nomi natl ons, respectrvely Tor
| umi nescence ofirsdiel fitgy wavgletgthnrange,darfd astecenid calec senbonapetabligtch r anges and,

in case the i ; f . I S,
Dodorerm ne TReReTFAFGHORIOL SROUPIRE A LELADe Befi0 (insBatrs. |
associ abed withtoughiar refddetaddnone, e o6t 20akues: and control the

communi cat | on_meqRsh idRth AR R-R! & et denaghatihens oy contrast

wi th the above nentioned prior art, anknot e val i dator according to
t he i nventi obankege;ssidor sensors, i.e. not nere fluorescence sensors for

measuring only f |p‘r'6’<fe§§ﬁ§ﬁ%eaﬁé- Ghrab1B%E @ﬁth%}lﬁﬁe ik tanRRELRA @ gheaui pped with

filters (for recelving a | um nescence g only wthin a wavel ength

wi ndow) whi cloaicehEheidtseand secerd ederseasqrs apd Mpconspgipatipidnesisanpl i t ude of

the degegct ed ;gebnHsingimgsssnt 1ight. 30 Indeed, this is the chromatic
part of the signal, which is a function of the wavel ength of the excitation

light, that is uS¥@rdiBsagRTecsssinE Mpans BENghenIerRdl¢ ©or r espondi ng to said

mean wavel engt h eerAfR 4 HrdedblopfvafuRer e it dxdittdi 1N8$5RBnck ight - A col or
sensor is not necessarily an expensjve conponent |ike a spectrophotoneter,

but may be a MR fisstsignabieeawd Borde HIbeal BT f or exanple. 5

determine a second color value of the second excited luminescence
15 light from a second signal received from the second color sensor;
compare said determined color values with stored distinct reference
color values corresponding to distinct denominations, respectively for
luminescence under UV light in said first and second wavelength ranges
and, in case the determined color values match reference color values,
20 determine that the denomination of the banknote corresponds to that
associated with said reference color values; and
control the communication means to indicate the determined
denomination.
By contrast with the above mentioned prior art, the
25 banknote validator according to the invention uses color sensors, i.e. not
mere fluorescence sensors for measuring only fluorescent light intensities,
but photodiodes equipped with filters (for receiving a luminescence light
only within a wavelength window) which allow determining both a mean
wavelength and an amplitude of the detected excited luminescent light.
30 Indeed, this is the chromatic part of the signal, which is a function of the
wavelength of the excitation light, that is used for determining a color
value (corresponding to said mean wavelength and amplitude) of the
excited luminescent light. A color sensor is not necessarily an expensive
component like a spectrophotometer, but may be a simple economical
35 RGB photodiode, for example.



The use of measured | um nescence col or values, for conparison with
reference col or val ues correspondi ng to genui ne distinct denom nati ons,
al l ows nmowe 2priesi®el y and finely characterizing the varipeuEprd@nosi3snt i ons
of a given currency and al so constitutes an 5 authentication test. Using
such col or sensors thus clearly inprov®s reliability of the

determ nati on/ aut henti cation of a banknote denom nation, over nore
conventional reflectance and/or transmttance neasurenents or fluorescence
intensity measurenments. Ahsojseusii myagatred dasinesoamceNtodorcvdladsi dor | i ght
sources, emtpt] M T hi ' It at.i h w ndows,
and t hus obté%%ﬁﬁaﬁ%aghﬁ6%?%@?%é%géﬁg%Fé%gggﬁﬁgg%tgl %&gggkfg er inproving
di scri m nat i ekenominabiens;anilows neerer greciselte aodr firely ahgracterizing the

Mor eover, onge.. . [ . i i o j nati on of

t he banknoteQ%gégiéQ?ﬂ&?ﬁésgiggag3%%%1f@H%%$¢gﬁﬁgﬁgpc?@Qgh%E#?%escence

si gnal Ps detawtteaticdiiona tesdl disingeswdr c¢lohaaeksors dhub eclegalyeirepgves fil ters

bl ocki ng 1 i ghLiMAKE! CHOt R OHbshfalibg ARKALEAZE W ndovpalilfle sensor) as
soon as the |Iumnescent marking on t-eabaﬁknote crosses said sensor, and a
cor r espondi ngleheminiéioncenes ek senventigaal reflediapceqmddenirapsmitianee very short
time (typical)ysgRetHnts! of FubfesBBilee infRsiEPRSENeRehYs. AL RilgSan0 need for

t he above nentioned transport neans and neans for determning a position of
t he marki ng il¢pst HwopHY's axféikign lipbt eSonTasat eovittiae witkipl byo vliffereni s directly
triggergd by &hedal R&tdQRuPviRddWN NESERB GhtShARMwo ThSefREkES the
val i dator cheaper and easier to mniaturize. 25In an enbodi nent of the
above banknotceloyayalepst gHowe dBItAEH gmprovinge disauiBiration, of ke varmimi cati on
neans is furthgen@Rendhligatiohsi ndi cate that the banknote is not identified;
and, in case the processing neans judges that a _determ ned col or val ue does
not match any of the st oPlHCPWrepiscEegnkrote aalidaior ippitdhed @ssi ng means

is further opgadaMiBinklon 30tHeBHNkAbtetJased AN p£BideRAy I pdHoriRd] Ndi cate that
t he banknote denom nation is not identjf A presence of a

d.
decay tRder &p picapee epgnpl iy Aetsstiero '(836@015 SepiEsPhgteste e naterial in

t he marki ng) vwasvelRnSBCHRekYbIbEhEREhEIidveubihst sutsiaenher i @ielengand
constitutes a . further discrimnination 35te ccordingly,

st. . 6 ]
t he banknot e WAPHAIoMEFEIR fh9eMt 128 el Hacreeta e s ththg means

further oper aahkndte:crosses SHdisemorsand afdorsbpdhMingd Ohthinesdh&ecamd first col or
ht source and said nd col or sensor, so as

sensor, or saigd segond, UV li ec
o 11 m nat 62T BAREHSPE AerPLEtrE R (AR ARTOrh Tile. banknot e
and detect a Gdeeapenfly,ttheredons asgbfodithgalsoceini@diohuditnasgenarahd ght; and
and means for determining a position of the marking in the passageway:
determination of a color value is directly triggered by the detection of a
luminescence signal. This makes the validator cheaper and easier to
miniaturize.
25 In an embodiment of the above banknote validator
according to the invention, the communication means is further operable
to indicate that the banknote is not identified; and, in case the processing
means judges that a determined color value does not match any of the
stored reference color values, said processing means is further operable to
30 control the communication means to indicate that the banknote
denomination is not identified.
A presence of a decay under appropriate UV
illumination (due to phosphorescent material in the marking) is a security
feature difficult to counterfeit, and constitutes a further discrimination
35 test.



control the communication neans to indicate the denom nation only if said
denom nation is further conpatible with the detected decay. | nproved

di scri m naoizon/Bmddor aut hentication is 10 obtai ned if paTdwe@y/06638E val ue
(dependi ng on denoni nation) is measur e(g and conpared to reference val ues
rel ating to genui ne denom nations, in Ctase of a presence of a decay under
appropriate UV illum nation. Accordingly, the above nentioned banknote

val i dator nmay have said processing neans is further operable to: 15control
said first UV |light sour@ecaduhgly, rtbe mokootesedidator @rtheaingestémond UV | i ght

source and slq%g,lf%gﬁg géeggi%gﬁt@%gsrfggtﬁ%n rﬁtﬁe’t | um nat e t he banknot e,

interrupt sa Tumn |on e and measure a decay time val ue
of the excited | gomimelsead dizstt Dyhlight csompeer and lﬁestrmdwusreadord@cas}lm me val ue

with stored digtlingy héﬂ’{ ngéeeﬁﬁfsa‘i’&(é@c\énh' Eﬁrﬁgl%sld?ssoca% Hagﬂﬁ'téqg to

di stinct denom nation erm ne r val ues nmatch
r ef er enbe colthe bemkness  intherupt mﬁldellluhamatmeofd@ﬁdmnha@hecﬁndodettmea banknot e

corresponds dgghﬁtth@aﬁpegbgl} .c'it@ ﬁgﬁﬂegcgﬁ&q%@ea olor values only if

sai d neasure ay tine er mat ches a re erence decay tine val ue
correspondi ng t o coBiEel ﬂled@mmﬁlﬁbztﬂil‘@m means to indicate thendenoginatian det ect

forgeri es el fgid QebtifindfioP ARGRNEAB A hRGyANRRLLERK diEight ener agent,

which will reveal a dom nant bl ue col or al ong the banknote under W/
i |lumination, the banknof@pyaefdgissrimdeatisndi #yl/po tHBentitpEAR| éh may have

sai d pracessigigiiRpNg R UWiHBSLIue PSRRI RS denomis R & mElgirdd rst |ight
source and the first col or sensor, or the second Ilght source_ and the

second col or 28@KgBwaretogsfarencasinbies relaiing kesrnatnst depogyRERNS il ue col or,

based on col @hgev @k UeHreRhed rBf”@QieEﬁ;Drﬂnabﬂ%gﬁ)ﬂrﬁ&e'wchlﬁﬁl@dﬁtfbhe first or
second col or sensor correspon [ [ 5emtted froma plurality of

n
parts of the 4ceidingshehgaahong IB@%&?@ .bﬁ%ﬁ@tepaaégiagwﬁw havg sard i n case a
presence of re@EiiAaMeard WeERrdpetadledst ect ed, control the

15 control said first UV light source and first color sensor, or said
second UV light source and said second color sensor, so as to illuminate
the banknote, interrupt said illumination of the banknote and measure a
decay time value of the excited luminescence light;
compare the measured decay time value with stored distinct
20 reference decay time values corresponding to distinct denominations; and
in case the determined color values match reference color values,
determine that the denomination of the banknote corresponds to that
associated with said reference color values only if said measured decay
time value further matches a reference decay time value corresponding to
25 said denomination.

In order to detect forgeries relating to use of paper
containing an optical brightener agent, which will reveal a dominant blue
color all along the banknote under UV illumination, the banknote
validator according to the invention may have said processing means

30 further operable to:
control the first light source and the first color sensor, or the second
light source and the second color sensor, so as to detect a presence of a
dominant blue color, based on color values determined from signals
received from the first or second color sensor corresponding to light
35 emitted from a plurality of parts of the test zone having passed in the

passageway; and



conmmuni cation nmeans to indicate that the banknote is not valid.

Mor eover, forgeries based on a use of highlighter pen inks are frequent and
nmust be dwoeeotied1399hese hi ghli ghter pen inks have 5t he promPRaiy/ 066381
fluoresce under blue light illumnation. Accordingly, the above banknote
val i dator may further conprise: athird light source operable to

irradi ate one side of the test zone of the banknote in the passageway wth
athird light having a blue light 10 conponent, and a third col or sensor
operabl e to receiiveaseor prespondi aglotdinam bduecéaleds Idatecied scemioe the ght

transm tted LhranaReBh MELLSERATAIS @M b ASnt &R isaGdther of n sai d
processi ng neans 1s urt er opera con I'rd light source and
the third col or sensor stMQISO\teo, f01§€rr¢etbas¢d an pr esericlgblighdercper espondi ng

| um nescence . ¢l or, RRAR 0 s determ ned
from signals ?@F%%&% ﬁ%ﬂ%g?& (%g (*ggkggﬁ or c%fﬁéé%%%3?ﬁ§ to Iight
en1tted5fronﬁbﬁpmmﬁthlﬂwbﬁﬂﬁamﬂ@ﬂﬂﬁehﬁélmegﬂwbone havi ng passed in the
passageway 1N response tackiidiall ik AR by ARRLBE mANrE0l 1 case a
presence of said correspondi ng unlnescence co I's detecte control the
conmuni cat i ofOMPERE to i ndicate the banknote is not valid. Sai d
third |ight sourcenfYis H@sou&&r%ﬁ%@w{&rraﬂlae@bﬁ@ bt BhincsgUBRe of U 18 Tndeed
just necessary that the emtte |ncfu des 25substantially blue
|'i ght corrponéﬁ@ banknote in the PaSSPg@ffaé?r%hw third {iglt b@ﬂ%ét@%/élgh‘dat or of the

inventhgn, dependhag, Qﬂdranﬁnarﬁml R o@&aﬂlsaétfe&% daffre D@%dﬁﬁg st, second
and third |ight source may be a Li Emtting- Thi s nakes

easi er m ni atthird fé‘flteérﬂuﬁflnﬁtsﬁ@w@dﬁhgé&aﬁﬁml’fm@é‘?}@h OLE@?C’Eﬂdrfé‘é@ y equi pped
with a 30l enghd Lt Jopeusing emtted |ight on a spot are now avail abl e.
Preferably, at |east one of the color sensors nay be a RGB photodi ode, or,
dependi ng on t he "AWESARHE RFOCesTRE Bams IRGthsHoP %Eﬂ@ may serve as both the

first, second an@oﬁﬂablrﬂlectqat@rhgsle@@@fc@ andinihe 1608 fdo# Rhidnsd By s the cost

and consunptlon of the validator, g
15 detect a presence of a corresponding luminescence color, based on test

zone luminescence color values determined from signals received from
the third color sensor corresponding to light emitted from a plurality of
parts of the test zone having passed in the passageway in response to the
third light illumination; and
20 in case a presence of said corresponding luminescence
color is detected, control the communication means to indicate the
banknote is not valid.
Said third light source may be, for example, a white light source. It
is indeed just necessary that the emitted third light includes a
25 substantially blue light component.

Preferably, in the banknote validator of the invention,
depending on the embodiment, at least one of the first, second and third
light source may be a Light-Emitting-Diode (LED). This makes easier
miniaturization of the validator. Moreover, LEDs directly equipped with a

30 lens for focusing emitted light on a spot are now available.

Preferably, at least one of the color sensors may be a
RGB photodiode, or, depending on the embodiment, one same RGB
photodiode may serve as both the first, second and third color sensors.
This configuration lowers the cost and consumption of the validator, and

35 also allows reducing dimensions of the validator.



35al so all ows reduci ng di nensions of the validator. 8 The
banknot e validator according to the invention, in any of the above

ment i onedwerzbodismm®at s, may further have the passageway acrarged/osasal | ow
t he banknote to be noved al ong a sca\rllvgg ng direction corresponding to a

| ength or a width of the banknote; t of the 5 light sources, and the
correspondi ng col or sensors, being distinct and aligned in a direction
approximately transverse to (or not aligned with) said scanning direction;
and t he processi ng neansThe bankndtervabgepabt@rding dorhe ohvesiiod, towo | i ght

sour ces and Llie SEGLESANNG NANBAIEN ARIIM SN SReg sl AebRLTAe 2 col of

profile al ong I'd scanning direction rela said |ight
sources and qespgewaysarahgdetealinmee lmokootepo bé Moxred alonp ascamats di st i nct

reference C0'd‘?rfectl%r{’édrkﬁ%go%{l%fé?fé%gih” %1\91&{11'% 8Hh@%tan9&1%9; ' aotf'p? s and, in
case the determned color profiles®match reference color profiles,
det er mi he t hdight keurdesyaurilndiei conresportdieg belak sensers dreingsgisting amsl t hat
associ at ed wii: i d i .
P PRI R SOLBRLPERPLLES o (R ARMBRRORIE ooy o

configuration, )anknot ¢ at or [ ows determnin
profiles all saidgsgnning direetisioh and thevprfichssingf medns ipdwikhetaverablé to i s noved in

the passagevwgynirbt saﬁétv@&ﬁglg%ﬁﬁ?e? Bﬁﬁl HR &ﬁ%eﬁb%d}bﬁg Eflof erlsB5C6 t&i" or

profiles, in case the valTdator 1ncludes the above nentioned ird light

source and t ¢ deteewingra epdorspiilepdengsaid scapriag directian yefatingdacads are not

al i gnedoi N sgjrdaRICREM RAr@k rREl dMpardSalCldteRSinkd RoRP I SreBRONAING three
col or sensors (for exanple, they may forma |linear array of sources, and a

cor r espondi ngtarpehedistingtr ggfepmes e fRloF sprofilesa corrarRORdge ti dissinEion wi t h

respect to thensaatibRgath, 64k R detdBRinEQ@BPBF hPilesQhattheSereABASUr ed col or
profiles with reference color, profiles enui ne_denom nati ons nakes
F

25 of
t he det er mi n&Pi06nPEdgsor determBat thaht then dsromingBAB nPh e oRAHBIO 1 el i abl e,

particul arly chire§Rads tdBEaROd I Med Wit dal BB fedéRelcbRPPRIfAS. On col or profiles.
Further, in case the third |light source is,a white lLight source and the

third &6l or sensor is a REENShabYEi GIBUFations dhe cbUmAIh g profile is

richer and thusws e¢eRmMmInE a8Q6kss Givbrdolsat profildsadl hidag Taseiger, &GB col or

profile is thr, dj sional).. . . Due to the ossi@g}ities of

m ni aturi zat mﬁﬁﬂof)#tg?@anwt% t{sPP YRSk B e RassIesRY It 5 threbospt i on, any of

th:e_ gbove rrimb id@n:eldh irenigoe tﬂﬁ?éﬁ a)lmyroﬁﬁg,_riﬁ&ﬁwtlhetx@liaatban@hﬁled t};tjza]pknot e

val | dat or. not her aspect .o I he | nvent n elates to a t ho or

Sel tent LT yi naBa e aRORG hEH 1t s Rid PRrd 16} Shedrt afi I IREe Lo ended o

cl ai mspoand dight esppeadimondtalished ¢irbaidi swrmiisg efirebtieén, kankebuetival | dat or as

descri bed above. Parti c;ﬂfar lxé &nhﬁlﬁl nvent.i on 6}] so relates to a
Brexging

met hod for i GRHEFAYIHG Rrefarion FRR59'S St B ISThE Weest zone
i ncluding a abragask smgcaypemabh ecorespbralingvlinbara asfae coff sanse] an d um nescence

eccorlng Lo L SSTORLA Tyt 0 O e kol LI O
banknot e w t kotdgatisarhéf thasef messtiratacoddreprgfiles mdihgefdognceealos podfiles fi rst UV
I ght 3QUICe. ¢ ang?enuine denominations makes the determination and/or
authentication of a denomination more reliable, particularly in case these
color profiles are transmission color profiles. Further, in case the third
light source is a white light source and the third color sensor is a RGB
photodiode, the corresponding color profile is richer and thus, even more
30 discriminating (as the measured RGB color profile is three dimensional).
Due to the possibilities of miniaturization offered by the
validator according to the invention, any of the above mentioned
embodiments may correspond to a handheld banknote validator.
Another aspect of the invention relates to a method for

35 identifying a denomination of a banknote as indicated in the appended



1 0 determining a first color value of a corresponding first excited

| um nescence |ight by neans of a first signal froma first color sensor
oper abl e wo 20e0si39e said first excited | um nescence |i glrCTiEP2MISAGA3BE

t hrough, or reflected from said test zone; irradiating one side of the
test zone of the banknote with W Iigﬁf in 15 a second wavel ength range,
distinct of said first wavel ength range, by neans of a second WV |ight
source, and determ ning a second col or value of a correspondi ng second
excited | um rnbédwere dorghporsingreahs eofbodinsete nfithei lgmkhote velidasér a second
col or sensor J recei ve said second excited | um nescence |ight
transmtted ?%?%%gﬁ%g%@gﬁéflected from 2 Osaid test zone; conpari ng,
via a control unit inclu®arguprlycdssinnentimmanlsq reaties teletreethivddar col or val ues
with given diglifihy bafeabanERiRAAhARhHES Al £RROANNG N Birdl St nCt
denoni nati ons, stored in a menory of sal rocessi ng neans, respectively
f or | unbnescenulingraperablptol glogvtwithna speicdic cRBrilimagreseende sesonhing twmvel engt h
ranges and, i i : : r&%ﬁ&%gﬁg col or

val ues, deteﬁﬁ?ggﬁgntQg?g?%@Eﬂ%ﬁgﬁpﬁgkﬁgxw%%P?ﬁgﬁﬁgﬁgﬁote corresponds to
t hat associ atthelst@pg¢f: sai d reference col or val ues; and

control Iing Comﬁhﬁﬁiiﬁé’@né@i_ﬁé‘eéf pth@tésﬂ%rféaéf%hé Bﬁlkﬁg\fele‘vl(riﬂ%wqigh@ﬁl

denoni nati on. i

] resent invention w e descrijbed nore
ful ly herei ndfFstewayglengthefaigenbe meanshef s dBpdhY i ight dsafmgsd n which 1i ke

nunerak g repiReeRliniht ke BFEMBAbS TdHOughQUicobRgpdidideer ettt dibigy es, and 35in
whi ch prom nent aspects and features of the invention are illustrated. 10

BRI EF DESCRI Prmimqseamcerighiphiavipeqas of a first signal from a firgt goloy gqngek rate a top

view of a hanghelt Bankaste syal fil@@ték&itépﬁlﬁﬁgieél&né@ lizhe tfdl?l‘éﬁﬁltté@n- 5Fi g. 2A

illustrates a perspective view of a handhel d banknote validator according

to the i nventthiswgh, or reflected from, said fesigongy j | | ustrates a partially cut-away

perspective vi ewjghdikhify Haifebhb astk deer R balAnete with BVdight in

Fig.3A-3B illustrate cut-a side vie of, t.he
g 15 a second wavelengt r%nge, (%stinctv(\)? said %irst wavelength range, by

means of a second UV light source, and determining a second color value
of a corresponding second excited luminescence light by means of a
second signal from of a second color sensor operable to receive said
second excited luminescence light transmitted through, or reflected from,
20 said test zone;
comparing, via a control unit including processing means, said
determined color values with given distinct reference color values
corresponding to distinct denominations, stored in a memory of said
processing means, respectively for luminescence under UV light in said
25 first and second wavelength ranges and, in case the determined color
values match reference color values, determining that the denomination
of the banknote corresponds to that associated with said reference color
values; and
controlling communication means to indicate the determined

30 denomination.

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

35 in which prominent aspects and features of the invention are illustrated.



10banknot e validator of Fig.1-2. Fig.4A-4B illustrate

cut -away perspective views of the banknote validator of Fig.3.

Fi g. 5A- 5Bvol2bugisiambe a sectional view of the |ight sour®es/Eraaooed3sr
sensors of the banknote validator of Fig.1-4. 15 Fig.6 is a flowhart
diagramillustrating an embodi nent of %he method for identifying a

denom nation with the banknote validator of Fig.1-5. Fig.7
illustrates different views of a handhel d banknote validator according to

t he i nventi ol BRESF DESSRIERTONSOR PHAEDRAVINESLodi nent of a banknote
val i dator according to the invention is illustrated in Fig.i showng a top

vi ew of a handhel d banknote validator hold by.a user, erein a $io

denomi nation of the US c%f%'én Ystrade; 4,4 iy 8§%H@{}@Mﬁﬂk@t%anknote

passageway hawiidigot feofddigioahe tvehtign.(U- shaped). The invention is however

not Iin%ted t o 30handhel .deviﬁ ng detail ed
p

) . L.n the follow
descri ption, we use the ég'gériﬁﬁ{f?tefcf’r pFWSPE(gILVFa‘??V\V/é)QpauLﬁB@be\%)nIy. Such
currency i s Gaekeotanpidat@factdrdig totlia i@naitesm. havi ng a test zone including a
marking (here a | um nescgznt ﬁgguri t%/ théﬁa i_svgq(!){sed att.di f.f erent
positions according to 35tHEHANRAETE? BUNEH ALt HR)PEREr RS e Yo glow with a
speci fi ¢ col of thelHandhalidhaskene ealatmeoradiFiggi.t o t he denom nati on under
appropriate UV light illwanatjign.. |ndeed, US currency, in dition to an
overal | nminimal response tl%'g%\/‘%ﬁi élmsprélgepoc%lﬁla‘é@y hide s‘é%‘ﬁ? i ?fy%ﬁ'ﬁr eads
(mar ki ags) f dankmite valiladdr dd@igornat i ons which emt |ight due to secondary
em ssions at 5 different.wawel angt r propriate. UV light exposure.
These security threads htg\}%ﬁfghéﬁflgﬁ@%a\?\ngﬁg a%aagrpaegﬁ)géfﬁl@t‘?%w %}g?escence
col ors, deperdikigptemalidatordéifitgd.nati on (this feature, inplenented in the

1999 ceries 1 e 11 Shd iEom! uBESRER LSl B Dankrores)
denoni nat i on;sources and color sensors of the banknote validator of Fig.1-4.
15 Fig.6 is a flowchart diagram illustrating an
embodiment of the method for identifying a denomination with the
banknote validator of Fig.1-5.
Fig.7 illustrates different views of a handheld
banknote validator according to the invention.
20

DETAILED DESCRIPTION

25 An embodiment of a banknote validator according to
the invention is illustrated in Fig.1 showing a top view of a handheld
banknote validator hold by a user, wherein a $10 denomination of the
US currency is inserted by the user in a banknote passageway having the
form of a clip (U- shaped). The invention is however not limited to

30 handheld devices.

In the following detailed description, we use the US
currency for illustrative purpose only. Such currency is one example of
those currencies having a test zone including a marking (here a
luminescent security thread, disposed at different positions according to

35 the banknote denomination) operable to glow with a specific color



orange for the 10 dollars denom nation; green for the 20 dollars

denom nation; vyellow for the 50 dollars denom nation; and red for the 100
dol | ars deoammsiisen. 15Moreover, the security threads iPoTiEPR0IBDOB8ENd $10
new series have further characteristic decay properties under WV |ight
exposure. However, other "urrencies havi ng specific

| um nescent mar ki ngs, may have been considered for the invention (of
course, the light sources, and correspondi ng col or sensors, nust be adapted
to the 20spedihimreswavehe@nglihg tethe dsnéromatien eadémappsaircitertiviighy) .

In the foll ogfthﬂginialdw-s%{d%&yﬁ%%?;%bégqne@g[gd'qn}agh{logve;arﬂem%%?ot e validator

according to I nvention, use S sources and RGB
phot odi odes aewonsedo d§V dighbrexpenser bas Myneigy éhreado(mediimgedtfoess reason,

the col or Se@ﬁ(ﬂ(]iﬁuﬁlr(feﬁgﬁlbat{?ﬂs %ﬂ:fhie%ﬁgéﬂg%e@@ée%ﬁ@arﬁéﬁﬁisﬂins%t ecting |ight

transmtted throug nknote 1 n the passageway. wever, configurations
of the bight dfferentesvaapldngibl ondgenppropriptyr Wt léaht | eyposwrer éfleset i on only, or

i refl ect ion.andy khARITaS O £ LR QB RCASOURkECd bk, Sour ce and
0] e (a

correspondi ng color sensor considered), are also possi]| s well known to
the skilled pepenhyg puthadenonpnalder &pisdeattre dnplemented in the 1996 The

banknot e val is@aiof, (Hbirst £REER §RERH b riokO ikcu@a[ﬂglg%anmoﬁeg, phssageway (12)
h | ot whi 0?1 al

forming a clip wth an insertion s OWs a user to easily both
press the butekpesed i3pRrepEaeOhlighi: power, and insert and nove a banknote

(11) tggbe tegfigbof theSHdlaRARSBHENRn; AN upper 35branch (14) of the
U-shaped clip contains a col or sensor (22), which is here a RG@ phot odi ode,

and a | ower bexHEs ferihy 19 folas denqrpingdeiiai ns the 12 1ight sources (17-19)
for illum natighgntrhernRapkidnhe dehdhili@hng a security thread di sposed al ong

a wdth of said banknote (as it is the case for all denom nations of the US
currency). - yellow for the 50 dollars denomination; and
- red for the 100 dollars denomination.
15 Moreover, the security threads in the $100 and $10 new series have
further characteristic decay properties under UV light exposure.

However, other currencies having specific luminescent
markings, may have been considered for the invention (of course, the
light sources, and corresponding color sensors, must be adapted to the

20 specific wavelength values for revealing said marking).

In the following illustrative detailed embodiment of the
banknote validator according to the invention, LEDs are used as light
sources and RGB photodiodes are used as color sensors. Moreover, for
compactness reason, the color sensors are used in configuration adapted

25 for detecting light transmitted through the banknote in the passageway.
However, configurations of the light sources and color sensors for
detection in reflection only, or in reflection and transmission (depending
on the couple light source and corresponding color sensor considered),
are also possible (as well known to the skilled person) but are not

30 represented here.

The banknote validator (10) represented in Fig.1 and 2,
has a passageway (12) forming a clip with an insertion slot which allows
a user to easily both press the button (13) to switch-on power, and insert
and move a banknote (11) to be tested in said passageway. An upper

35 branch (14) of the U-shaped clip contains a color sensor (22), which is

here a RGB photodiode, and a lower branch (15) of the clip contains the



As represented on Fig.3A and 3B, a control unit (20), 5 including a CPU
and a nenory, is powered by a battery in a battery housing (21) and is
connect edwoaotinsi®ei tch (13), the col or sensor (22) andprch@&prkoighte3spur ces
(17-19). This control unit (20) controls and synchroni zes the col or sensor
and the light sources so as to illum n&t e the banknote (11), detects a
presence of corresponding light transmtted 10 through the banknote to the
col or sensor (22), via an anplifier (16) in the upper branch (14) (which is
connect ed t o light Wlm:&sdme@)tfer illinissing medbiagkmcaé (1) gadhg heedumgy CPU) , and

determine a gﬂlleﬁ{i %‘e?i ?tllﬁgé %gp&ﬁe il bAnBRE s b PULIRTE{ Jp) of the

switch. An advan | on In transm ssion over refl ection
is that the rdeasmnmtldoesftheﬂsdmp@nebé on 15ori entati on of the banknote.

I his example of an erbodigmalngf ohiS, RuhI%EH BRAET G0  he

invention, the light sourc rrses rce (17) which
is a UVl ghtln@mlnglan@PUEIDdhaamﬂmg)r& pektkvezed bElaohathem @nlgétttﬁr}at 370 nm (

onm al 0% _GRAGRE ¢! Adli8 LoldRatdliCitbl8AEH k1220t LS ﬁéﬁé%le&a jpped with a

hal f-bal | sapp ens for concentrating the'emt toward the RGCB
phot odi ode (:az}d theahglécwcqsv(vr@ht Tb@uc@érqllsryltvaapwon@rob v | i ght

e tLing: LED A MERKINEThAREONIAY ShRNEhie@ls03A0oMfaiRfen &t 5099

(adapted to the  US currency), and furt equi p({) bal |
sapphire |en§h¢ bnkmgtotitk Atteds ianyetanee ehfarresaondightishtovmsmited RGB

phot odi gde ( 2R)ougRRRe bﬁ‘nl&ﬂ%‘té £ HeWHorSRUEGE 261 Na M'a hfl@r ?62 kye 1ight
emtting LED having a peak em ssion wavel ength at nmat 50%, and

al so further theyupRssdsanght(p)dwhightis geymecteddpan A¢D) C@ﬁgeﬁ%r’fo é¥tentrating the
emtted |ightg; 1&‘1\@fgﬁalt t*?oeth'«?(@’llfbh%&’@'e&‘ijﬁlr(e@)coloﬁ()ﬂiﬁ@ WaR pRotsedi ode (22)

(here a Si phot odi ode Sioi7 u) is equipped with RGB color

filters and |p§eS<§%%tr11§@|ugowea@f t&@tswféh frdil g%\tan’facg@ Oéthp?ecﬁl@r\ﬁﬁ‘{ﬁép‘é‘hgt h of 720 nm

(112 nm at 5Q0%GranShRednldvehtefleiontis REAKh¥aVR L5 e Globs Abt nddBK 34 nm at
50%) , and blue, Ii ht fﬁl@ E eak wavel ength of 468 nm (40 nmat 50% . 35The

cont r of-Ouni t 0(19953 108 o HrbaBKROten: 13 determine a first color value of the

first excited | um nescengg thisgbtanfiié tof &sh Byibbdiehene G rtht Walibitead, from a
first signal recejved fromthe %’%llk%f“i sensor (22) in response to

i 11 umi nat i on 36$oTHRg W HhndR¥gnLiopst PUGLOPTEES'| | ght source (17); 5-
determ ne a secfidUVOight syalcel €179 fwhidieis SECUNidhexsittiag LEDMm[agcence | ght

peak emission wavelength at 370 nm (£ 5nm at 50%) (adapted to the US

20 currency), and further equipped with a half-ball sapphire lens for
concentrating the emitted light toward the RGB photodiode (22);

- a second UV light source (18) which is a UV light emitting LED having
a peak emission wavelength at 390 nm (+ 5nm at 50%) (adapted to the
US currency), and further equipped with a half-ball sapphire lens for

25 concentrating the emitted light toward the RGB photodiode (22); and
- a third light source (19) which is a blue light emitting LED having a
peak emission wavelength at 410 nm (x 5nm at 50%), and also further
equipped with a half-ball sapphire lens for concentrating the emitted
light toward the RGB photodiode (22).

30 The RGB photodiode (22) (here a Si photodiode
S10170 of Hamamatsu) is equipped with RGB color filters and is
operable to detect red light for a peak wavelength of 720 nm (£112 nm at
50%), green light for a peak wavelength of 544 nm (£34 nm at 50%), and
blue light for a peak wavelength of 468 nm (40 nm at 50%).

35 The control unit (20) is operable to:



emtted by the security thread, froma second signal received fromthe

col or sensor (22) in response to illum nation of the banknote (11) with the
second | iwbtossi®e (18); and then conpare said det er mpoedrea@lboc638al ues
with stored distinct reference 10 color values corresponding to distinct
genui ne denoni nations, and, in case th® determ ned col or val ues natch
reference col or val ues, determ ne that the denom nation of the banknote
(11) corresponds to that associated with said reference col or val ues; and
control the cotatrenmiioatd Grsteénsvaliee ohdhe drg tgedidtreimeseeade liglenom nat i on.
Sai d conmuni . t r ei t her:

vi sual : Ilke%L ng?ﬁ%p$¥&H§tPﬁ%§1%?@Q%ﬁg}sgﬁ¥f§§gﬁ?’ éﬁgﬁgﬁg %ons) or a
di spl ay, or zensom(ﬁm)vlnsa@lonset fokid umdaradion rod dimshardmotsals ©dvidntheditbed noi se or
vi bration en1% tactile (like Braille code), these non-visual neans
bei ng adapteé to V|sua7fy i npai red users. Mor eover, the
control Suni t -([d2Bymine § mcph@colopmla@oéthﬁ@e@md@ﬂcltadl lumiireeseénce dighy | i ght

source (17). anthtdey %ﬁggg@gwtmeg@tf{m S8ohd Y AL 50 P sensor (22),

so as to: m na anknote (11) wt er t irst light source
or the secon@010irg¢nsog&ﬁ)e@resmnwt@h‘ltﬁ@mhtmgfrtﬂleb@mkrm@(n) vibithe nterrupt the

i Tum nation ogfoihe hp%lf&?(ﬁﬁ) apdifgasure a decay 30 time value of the
excited | um nescence hosphdrescence) |ight fromthe security thread with

t he col or sens@mr(am)saldo%?rnangd geler pakies Vit stores distipgl geferepCeof about 1 to

10 ms) 1 0by pepfoprvaleg &%%ﬂﬁﬁ?t&'ﬁ%ﬁﬁé@ﬁ@ﬂ‘in"e WeddihBGor0laAA, §ensor over
said period of tine; are the nmeasured decay tinme value with

di stinct ref &peride d@@é@yleﬁ ofalugs gudchsiefrerpejcalor yaluge fstayminy
corr espondi ngh4%h8 8B adhSbf thebanknote (11) corresponds to that associated

with said reference color values; and
- control the communication means to indicate the determined
15 denomination.
Said communication means (not represented) may be,
for example, either:
- visual: like LEDs of different colors (for different denominations), or a
display, or
20 - non-visual: like vocal means, or based on coded noise or vibration
emission, or tactile (like Braille code), these non-visual means being

adapted to visually impaired users.

Moreover, the control unit (20) is further operable to
25 control the first UV light source (17) and the second UV light source (18),
and the color sensor (22), so as to:
- illuminate the banknote (11) with either the first light source or the
second light source, or with both light sources;
- then interrupt the illumination of the banknote and measure a decay
30 time value of the excited luminescence (phosphorescence) light from the
security thread with the color sensor (22), over a given period of time
(typically of about 1 to 10 ms), by performing successive measurements
with the color sensor over said period of time;
- compare the measured decay time value with distinct reference decay
35 time values stored in the memory and corresponding to genuine distinct

denominations; and



denom nations; and 14 in case the determ ned col or values match reference
col or val ues, judge that the denom nation of the banknote corresponds to

t hat assowpDabadswh sai d reference col or val ues (as i necratredoabssse) only
if the neasured decay time value further matches a reference decay tine
value 5 corresponding to said previ o4 y determ ned denom nation (i.e
based on the matching of color values). Then, the control the conmunication
means (20) indicates the determ ned denom nati on. In
fact, the firsuochieght dseomged(coloyr, valmes tiatchsedonacel do@h‘[vame@,siudga:e (18),

al | ov det ek Mo RRERIEY 0P BISRIGER) cord BRI Netdiisarl

| umi nescence col resence of an optica ener agen
paper, as it witH $a1d eafeahceacocltumahaem(astmhdeatedlabw@mnl}tlédieellnbasarmlg t he

banknot e ('”%te&ﬁzd tﬂﬁ%g\?&ﬂﬁé %Hh '1% cﬂ@s i ran(,leh%eoaglc éyVEﬁlEl{lead); 15- a

presence of en |n en consi dered t er w the third
| i ght sbéurce cprmmndmgltorsaldasfe@g@ﬂiy deteemingdl danominagpn ¢id- pagfdow under t he

fivst 1ion il umeanias Bty skseoutdes, Lol dull @t hiumnat fon, and

a lum nous decay 1 n tRe securit new 20seri es).
The third ||gmangém)e@dl(:a_tgstmldeml@@t@pwtw the col or sensor (22) a

| um nescence excited by the emtted third |ight and comng froma

hi ghl i ghter pen ink, and verifying the non-Ilum nescence of the security
thread under said third g é}%ﬁ%gm@t PYLesi (g, ordhe secopd(lighy and t he

second(18) Ishghke (fqugm% dEtéEﬁlﬁgf?Byﬁﬂe|c8}6§sQ{s69E Jyi nating the old series $io
and $50. Indeed, under illum pation only by the first source light (17), at

370 nm the sé]&wqcththwéédmameéf@@ﬁeeﬂ%@r,of t he denonination $i o and $50

fromold serigsrbdedes é’ﬁeﬁﬁﬁnﬁﬂ%ﬂéh@é’iﬁr‘ﬁ%éﬂ? umiel;;awelc(ak Rwill Ydgra i | | um nation
by the second 30 source | nb t he security thread of the

$io (old serldég)m'ﬂ}to@klevvic?lﬁr of'8i ’Ef}é &bl e,lpngv\)ﬂp,q aplote danptsady of nread of the
$50 (ol d seripgadtugly Inlthe bW MRl pwagp!l or .

15 - a presence of highlighter pen inks, when considered together with the
third light source illumination, as such material will not only glow under
the first light illumination but also under the third light illumination;
and
- a luminous decay in the security thread of the $10 and $100 (new

20 series).

The third light source (19) allows detecting by the color
sensor (22) a luminescence excited by the emitted third light and coming
from a highlighter pen ink, and verifying the non-luminescence of the
security thread under said third light exposure.

25 Using the first (17) and the second (18) light sources
further allows discriminating the old series $10 and $50. Indeed, under
illumination only by the first source light (17), at 370 nm, the security
thread of each one of the denomination $10 and $50 from old series
fluoresces and glows with yellow color. Under illumination by the second

30 source light (18), at 390 nm, the security thread of the $10 (old series)
glows with orange color, while the security thread of the $50 (old series)

still glows with yellow color.

Fig.6 is a flowchart diagram illustrating the way the
35 banknote validator (10) operates. The user insert the banknote (11) in the

passageway (12) and forwards it, while pushing the button (13) to switch



Fig.6 is a flowhart diagramillustrating the way the 35banknote vali dator
(i o) operates. The user insert the banknote (11) in the passageway (12) and
f orwar ds woO,20misk®opushi ng the button (13) to switch 1PfcomEpeéie/ovaBi dat or
(and power the illum nation and detection nmeans). Then, the control unit
detects the presence of the banknote Vi%a the detection of an illunination
threshold by the col or sensor (22). The first light source (17) illum nates
t he banknote (11) noving in the passageway, 5 and when the security thread
passes in fr ontthef vdlidetorofaod meves dhe (iR@ninahion cdndd detiectiars neean®st zone f or

detection on c'i[‘ht'éﬁ BANERQES unit He@LQ e ?efncéadfd[ E'ﬂaﬂ%&été Qnpand the color

sensor (22) ermnées a correspondin Irs or Val'ue ftom the first
excited | um mietﬁc’ewa:ef dn g}mtmlnatmrsﬂmr@ﬁlew lnyhthe egler sérsob & nbiefirsThe cont r ol
unit then cong f. I A r values to
check a ITB.tChI ng. %%erﬁ?égﬁ%& BI%% tﬁ b%%%ro \éégdlkl)elgg)anéﬁlftﬁ ﬁg&\%ﬁ&%d on and
further 5i | | urindaviesn th@eseb@mik/rtdir@d Miseescial wontsedndercol@2ensdre(@2det er m nes a

correspondin I %I}ﬁ] I escence |ight
transmtted ?ﬁﬁgﬁgﬁﬁmﬁgag% %ﬁrg‘% %ﬁ?’rgg?mﬁﬁﬂttgggﬁplg@gg t he second
col or val ue tsaid illBminationamddhe gplor swpué#)td@te@ﬁ@@,ﬂs dpcoreaspbiing After a
period of tinfRgSifid, Gdlﬁé“fro% ltl?é"’ﬁ?s@"e%&*téd"ﬁmﬁn@&@ﬁéé ﬁglﬁ trfhsthiRpsphor escent

em ssion fromthe security thread (typically, about ns), the |ight
sources (17) thinysh 1By bapknajo Theneantedt! fundnthen| qommanes ﬂ’@nfll‘(§¥ celap security

threadips i ntgreubtRftredddediorCRIRE tBEMION a(rﬁgt):hﬂ?t?ﬁé §ec%né%i5ﬂv of the _
| um nescence light 2 0 received fromthe securi hr ead he control unit

det er m nes t KBUEEAEH; indhedswithadhen pag Ewsher ﬂlamﬂa%é@s Hiesbanknpte. not val i d,

and controls T%@%o%r@@ﬁ%ﬁ@ié)QBem%nﬁ%oi dbA8dphnding second color The thi rd
| i ght source (19) may al so be used for further testi n%%d hat a | um nescence

col or caused Vabdetfrféntth? secomdgireited Juppingscenesnlishigrymsmified deughty thread is

not present (hépaA&RLe bind $hepé(ﬁﬁﬁﬂtumtt ek iRt Rebiid 8slbr Valié &) -
For exanpl e, th a $5 te tedg) E reis no dec , and .t he col or val ues

mat ch the bl JBCFECEQHE VAU 3 mtgh ltnés I 3 PHARG P! itiMglet ect ed (t hus
only the denguifieaint aNSy SetectifVh &RhY B6e wwpl%sp@or@g@nt &dissiendiodat ), and the

Vel e, "t hen: ERESSREUGERERI HateU RBR: | o) b at BUen O LSOOI | dat ed. 1 1
for a $io teskedwitchedestyind slluigihatded eﬁﬂ@se@ﬁﬁ!ysthﬁ"élﬁ banten@peedcannot be a
$i 0 new seri or $ wo I rst a sec ol or val ues respectl vel y
mat ch the. or SN0 FAPECERIE (28 APdhdn ArTE SoLesTBa B RROTE o hot val .
By contpast, redeiellefrbinr sie sdtiirisecbrdd.c @h@ rcont®l unit determines the
denomination of the banknote, or decides it is not valid, and controls the
communication means accordingly.
The third light source (19) may also be used for further
testing that a luminescence color caused by the third light illumination
25 of the security thread is not present (in case it is present, the banknote is
not valid).
For example, with a $5 tested, there is no decay, and
the color values match the blue reference value. For a $10 tested, a decay
is detected (thus only the denominations $10 new series and $100 are
30 candidate), and the first and second color values respectively match the
orange reference value, then the $10 denomination for the tested
banknote is validated. If for a $10 tested, a decay is not detected (thus
the banknote cannot be a $10 new series or a $100), the first and second
color values respectively match the orange reference value, then the

35 tested banknote is not valid. By contrast, if the first and second color



val ues respectively match the yell ow and orange reference val ues, then the
$10 denomi nation old series for the tested banknote is validated. The

i nventi orwwoonaisidpmited to the above enbodi nents 5 an@#CrarR@o®66381

nodi fications may be nmade wi t hout departing fromthe scope of the invention
as defined by the clains. For exanpl e,l(’t he shape of the validator and/or
the disposition of the |ight sources and col or sensors may be varied (as
represented, for exanple, on Fig.7), the passageway is not necessarily a
clip. The peakluesirespsctoklyt metchitghiyeldounoe srantoaniirdnce yelues, thee col or
sensors must tﬁ?$ﬂ9@&%ﬁﬂm&%&&§éﬁ“& 58&}1% &t QPSdnRbLeRE ORREEs of the

mar ki ngs of the currency consi dered. I'n @ variant of the
invention, only one W light source is used and only one | um nescence col or
s determ ned and compar efle if3nthl b AR ASHEAGE tGOMOe VAlIAAROd @ decay
time of phosphorescence Ilgﬁt emtted by a marking in response to said W

| i ght exkci t atandrvarioualmsedifiesaons eday bhinadowiihaalt depardng fiopedhé or

di scrim nati ] ' . : [ t her n the US
oney. Al S0, acqeAESRALAGH ORIk, ARE UL RS SEmbRL I ShBE™, | gy
conponent (f ®f theakdesomhed/on thhidisposibon oé )thedighb sowrdereand eeloget ecti ng a

hi ghl i ght er I ‘ L S NS inthis
variant for ?’glgsr?!tr ?FW%E gfélﬁlgﬁquﬁéétri%%r_ﬁgaﬂ e(%?foge_é&h?%?ei%ﬁ%@%é?kﬁg‘?e val i dat or
for identifyiPagsageviiie rphatcessaribra diahk perkevaluesghthedighh squases, zone
includipg a mRAKLAG oPRRY c%m_r%eﬁé}}réﬂn%\fwédﬂpt%d,s@&féhfﬂngoﬁ%% fi¢4m nescence
according to the denom nation under appropriate UV i ght ]I)I um nation, said
banknot e val iPa@RGBHeCHPe Markipgs of thowgTeyy gewsiderd with a banknot e
passageway; a first UV light source operable to irradiate one side of the
test zone 10 of the banknote in the passageway with UV light in first
wavel ength range, and a i} AdRriap) erthg@W@BP%&%&B%W&I%&@W@

correspondi ngs {ikddSin®¥hlytR lubthdesetohr!it dbleriiRasiAd égfpdrbd ough, or
reflected from, said test zone; secondé)rL,HN | i ght soucrg@ie operable to

i rradi aPe ondVE} EfEergRCe gpdon wlies, aRfh a slecqyhidmp A4 HBTRIOGTSCHeViEhf ght i n a

second wavel eagttbd g enarkingtihN@kponse to said UV light excitation is also
measured: this combination suffices for discriminating the

denominations of many currencies (other than the US one). Also, a

further light source having a substantially blue light component (for

20 example, a white source) may be added for detecting a highlighter pen

ink. Color profiles may as well be established in this variant for

identifying denominations.



15 of said first wavel ength range, and a second col or sensor operable to
recei ve correspondi ng second excited |um nescence light transmtted

t hr ough, wo afdsexwed from said test zone; conmuni eaT/EPR0 1066381
operable to indicate a denom nation of the banknote; and 20processi ng nmeans
operable to control the first and second UV |ight sources, the first and
second col or sensors and the communi cati on nmeans, and conprising a nenory,
wherein, said processing neans is further operable to: determ ne
a first color value of the first excited |um nescence |ight 25froma first
signal received fromthe first color sensor; determ ne a second col or val ue
of the second excited IuninescencéCFﬁgwﬁ froma second signal received from
t he second col or sensor; conpare said determ ned col or values with
stored distinct reference(;glor val ues. corresponding to d%&%inct

denoni nat i ond; 4 RaHEOLe valiqatepior Identifyinedertipmatioddt ahankngit in said

first apd seqQRhgweNel ﬁﬁﬁﬁﬁclﬁéﬁ%&ﬁm@ﬂdng bEeﬁB‘p‘eetotglkﬁwdﬁﬂﬁi @pd&ﬁ‘ﬁi: col or val ues
mat ch referenc gﬁgpr values,ggeter@%gg that the genonlnatlon of the
banknot e corF@Eﬁ QePEENERHAGCOLHESH ngippatiggugdergrirepide 43 or val ues;
and ligh€iabdi@dtidnl i€ baRRHdtCAlidaidr 0eapssihg: | ndi cate the determ ned
35denoni nati on. 8 2. The. Qﬁﬁg% val i dator according to claiml,

wher ei n: t he adGHRTIAPERTL Anknote PASPIEEN Wper abl e to i ndicate that
the banknote is ndirsi GeMghf doddie @reable to irradiate one side of the test zone

10 of the banknote in the passageway with UV light in first wavelength range,
and a first color sensor operable to receive corresponding first excited
luminescence light transmitted through, or reflected from, said test zone;

a second UV light source operable to irradiate one side of the test
zone of the banknote with UV light in a second wavelength range, distinct

15 of said first wavelength range, and a second color sensor operable to
receive corresponding second excited luminescence light transmitted
through, or reflected from, said test zone;

communication means operable to indicate a denomination of the
banknote; and

20 processing means operable to control the first and second UV light
sources, the first and second color sensors and the communication means,
and comprising a memory,

wherein, said processing means is further operable to:
determine a first color value of the first excited luminescence light
25 from a first signal received from the first color sensor;
determine a second color value of the second excited luminescence
light from a second signal received from the second color sensor;
compare said determined color values with stored distinct reference
color values corresponding to distinct denominations, respectively for

30 luminescence under UV light in said first and second wavelength ranges
and, in case the determined color values match reference color values,
determine that the denomination of the banknote corresponds to that
associated with said reference color values; and

control the communication means to indicate the determined

35 denomination.



in case the processing neans judges that a determ ned color value 5 does
not match any of the stored reference color values, said processing neans

i s furthewoaparmidse to control the conmuni cati on neans traTierdeioasesst hat t he
banknot e denom nation is not identifie 3. The banknote validator
according to claim1 or 2, wherein sai'd 1 Oprocessing neans is further
operabl e to: control said first UV Iight source and first col or sensor,
or said second WV lIight source and said second col or sensor, so as to

i |lum nate t e Thabknlotase valitaerrraggirdsgitd clairh uywimaeinon of t he banknote and

detect a decay ofl hs GORIGRAONLAY (KA SO MRINESGANGE Il0he and

15control the comrunication neans to I ndicate enomnation only if said
denomi nat i on biagkraie ishert ideptifed;idnide wit h t he detected decay. 4. The banknote

val i dat or accor di | al ' i . ' ans is
further operableIQgg%%hgg%%%%%?ggggﬁsﬁ?@éfﬂﬁﬁi?EQﬁ?ﬁ%%ﬁé%%ng% first color
sensor, Sor salods seicmatthiayl dfghe siooed mseranck codgrdvadessosndd polcessingnsor, so as

to illum nat ‘?néa%@jé“ﬂﬁ%@ﬁoé}%ra@@{cﬁ&fn%ﬁ th%adgﬁnhﬁdibﬂﬂoﬂ%éa%@ t§ndida& banknote and
measure a decay tine value of the excited | umnescence Iight; conpare the
measur ed decabatttherpankaioteedepontinaicariegotdidentifiggt  25r ef er ence decay tine

val ues corresponding to distinct denom nations; and in case the

determ ned col or val ues match reference col or. val ues, determne that the
denomi nat i on 3of ThgebadknRritovdidabr eesprshag to claifa Asgombhgredd sgid h sai d

referenge colRgced@htfRafitkYurtherdpebimasur ed decay tine value further
mat ches a reference decay tine value correspgnding to 30said denom nati on.

5. The banknote varirelasadd fasicHVdlighy togregnindfirg| elqrssenselp of sajther ei n sai d

processi ng Maishd BV Hight 8REcORRT &8 8edo@d color sensor,G@Ms!tBlilliAfhatd rst 1 ght
source and the first color sensor, or the second 35light source and the

second col or tBehapknotegnigsrupg saidh Weminatigneafethecbanknate and detect a

decay of the corresponding excited luminescence light; and
15 control the communication means to indicate the denomination

only if said denomination is further compatible with the detected decay.

4. The banknote validator according to claim 1 or 2, wherein said
processing means is further operable to:
20 control said first UV light source and first color sensor, or said
second UV light source and said second color sensor, so as to illuminate
the banknote, interrupt said illumination of the banknote and measure a
decay time value of the excited luminescence light;
compare the measured decay time value with stored distinct
25 reference decay time values corresponding to distinct denominations; and
in case the determined color values match reference color values,
determine that the denomination of the banknote corresponds to that
associated with said reference color values only if said measured decay
time value further matches a reference decay time value corresponding to

30 said denomination.

5. The banknote validator according to any of claims 1 to 4, wherein said
processing means is further operable to:

control the first light source and the first color sensor, or the second

35 light source and the second color sensor, so as to detect a presence of a

dominant blue color, based on color values determined from signals



dom nant bl ue col or, based on color values determ ned fromsignals 19
received fromthe first or second col or sensor corresponding to |ight

em tted fworma/shiseal ity of parts of the test zone havi rgTERIGIOM64381 t he
passageway; and in case a presence of a dom nant blue color is
detected, control the 5comnunication nfans to indicate that the banknote is
not valid. 6. The banknote validator according to any of clains 1 to 5,
further conprising: a third light source operable to irradiate one side of
t he test zoneeaifvedlfdomhehebfirsk wotsecoml coler paswagewaypauditg & tight d | i ght

Cor rospondi nd"Phe e A R RANH of Rt oh MY eC R AR Bl BB R B U or -

refl ected froapsagéreayt esd zone; wherein said processing nmeans is further

operabl e to: 15C%‘E£s%'aﬁﬂ%?entcgio'fgdbhﬂ@&né%%@?oﬁ@%e{e%d}éﬂrﬁ 1G4 OF sensor so

as to detect a presence of a correspondi ng Ium nescence color, based on
test zohe | utPmesoucationcatans to/mdicets thet e anlpwté ismwot silighal s recei ved from
the third col or sensor corresponding to light emtted froma plurality of
parts of the test zone having passed in the passageway in response to the
20t hird |ight6-i The rhanhmtenf,ahgatdr accoriling dgsanyaofelesene dodi, fyether
correspondi ng,|ppescence color is detected, control the conmunication
nmeans to indicate the banknote is not valid. 257. The banknote vali dator
accordi ng to any aghirdlighhspurce epesabloineireidinte aae gifle ohihe testghte burces is a

LED. 830The hpakngkfw &h itﬂ@&)%sa%ﬁrmtﬂga HBrNYhOhath@h MBud 1Rt 7, Wherein
one of said color sensors is a phot odi ode. 30 . i
component, and a third color sensor operable to receive corresponding

third excited luminescence light transmitted through, or reflected from,
the test zone;
wherein said processing means is further operable to:

15 control the third light source and the third color sensor so as to
detect a presence of a corresponding luminescence color, based on test
zone luminescence color values determined from signals received from
the third color sensor corresponding to light emitted from a plurality of
parts of the test zone having passed in the passageway in response to the

20 third light illumination; and

in case a presence of said corresponding luminescence color is
detected, control the communication means to indicate the banknote is

not valid.

25 7. The banknote validator according to any of claims 1 to 6, wherein one

of said light sources is a LED.

8. The banknote validator according to any of claims 1 to 7, wherein one

of said color sensors is a RGB photodiode.

30
9. The banknote validator according to any of claims 1 to 7, wherein each
of said color sensors refer to a same RGB photodiode.
10. The banknote validator according to any of claims 1 to 8, wherein

35 the passageway allows the banknote to be moved along a scanning

direction corresponding to a length or a width of the banknote;



9. The banknote validator according to any of clains 1 to 7, wherein each
of said color sensors refer to a sane RGB phot odi ode. 10. The banknote
val i dat orweconwdizyg to any of clains 1 to 8, wherein 35Phe/Rracioagssny
al l ows the banknote to be noved al ong a scanning direction corresponding to
a length or a width of the banknote; &P two of the |light sources, and
the correspondi ng col or sensors, are distinct and aligned in a direction
approxi mately transverse to said scanning direction; and the processing
means i s further topefdht Eghtosovioresy aid Hai cbrraspondighrolod sesorssese and t he
correspondi ng;: col or._se r.S,:.S . ] I r.of j al ong said
scanni ng dirg% ?%ﬁapglggﬁﬁg]Pogéggﬁhg?q§%?%8%@§%$t%%ﬁ%%ggtgﬁ%hgonpare sai d
det er mi ned cotamipg difdckies; aiidt h st ored distinct reference color profiles

correspondi ng to.di sti.nGk j i i 0 erm ned col or
rof i1 6s match rpePeams g BAHARSoRbic 18, ERRE LP HfEERLT
denoni nat i on sofirceh end Hrkemrespenting splondensors, shas tadsisvinatestceldt h sai d

ref erence col Qre1RLOf o €51 cohbnmi ! rkﬁﬁ& r.gi to any of
claims 1 to f%@ﬂgégﬁgSgﬁﬁgﬁ@?ﬂgpgeﬁgﬁb%gﬁﬁﬁggf%ﬂﬁ%gﬁég OSS&%?&%dentifying a
denomi nat i on afl camparsiaaist detpraninag) celor prpfilesorith staradudistingt sefergned ng oper abl e
to glow wth .gp$ &ﬁ&ﬁlfe% Eoﬁ@ép%hiﬂn'g%rlﬁ&ﬁﬁ?ﬁ%n@tﬁﬁﬁﬁ@h@ﬁn Oint &€ @igNOM nation
under appropriate UV light i|lumnation, conprising the steps of:

20i rr adi at i ngletsmingdaeolest profiles eaieh Fefaenes celpe prodiden determineHhely | i ght in

first wgvel engl ReA@RGRLEY TRAEDaRkndie birsdpotls kb it KO4ILEd WA determ ning
a first color value of a corresponding first excited | um nescence |ight by

means of a fispisirefereggarolpy Bipfidest i r st col or sensor operable to receive said
first excited | um nescence light transmtted 25t hrough, or reflected from
said test zone; irradiating one side of the test zone of the banknote
with UV |ightili Fhg haakeels vRdare Agrording g a&ny off S1ame L 19f10s ARvera r st

wavel engt h r age-hekRyddveRans of a second WV |ight source, and determning a
second _col or value of a correspondi ng second excited | um nescence |ight by
means 6P a 30 second signal fromof a second color sensor operable to

recei ve sai d18eQonethedGot RentifAgnesaRntfatidrObtta barknstd Kdvatg 4 Rsough, or

reflected from said. test zong; nparing, vig a control unit including
brocessi ng méahe, NSHAMEar BIRKAS ORGSR \Paislidls Witk h GIRFERC dFelet nct

ref erence coll@hinéstenes according to the denomination under appropriate UV light
illumination, comprising the steps of:

20 irradiating one side of the test zone of the banknote with UV light in
first wavelength range by means of a first UV light source, and
determining a first color value of a corresponding first excited
luminescence light by means of a first signal from a first color sensor
operable to receive said first excited luminescence light transmitted

25 through, or reflected from, said test zone;

irradiating one side of the test zone of the banknote with UV light in
a second wavelength range, distinct of said first wavelength range, by
means of a second UV light source, and determining a second color value
of a corresponding second excited luminescence light by means of a

30 second signal from of a second color sensor operable to receive said
second excited luminescence light transmitted through, or reflected from,
said test zone;

comparing, via a control unit including processing means, said
determined color values with given distinct reference color values

35 corresponding to distinct denominations, stored in a memory of said

processing means, respectively for luminescence under UV light in said



35corresponding to distinct denom nations, stored in a nenory of said
processi ng neans, respectively for |um nescence under UV light in said 21
first andwveeonmdizavel ength ranges and, in case the detecwmpreaooed3sr val ues
mat ch reference color values, determ ning that the denom nation of the
banknote corresponds to that associ atet! with said reference col or val ues;
and 5control ling communi cati on nmeans to indicate the determ ned

denom nati on. 13. The method according to claim 12, wherein: in case
a det er mi ned fosl and vetone woekngidt range< hndinip cfsetthe detesméitkd dolor r ef er ence

col or val ues..al ¢ At A AClesy e qbuEtete 5LEROhobanLEgl 1o the

comruni cati on nmeans to indicate enom nation is not
identified. ofthe barkhoteT¢naraspoitscdtodbatoasdoaigted ovidl sichrdference d8or conpri si ng
the further steps JRof: controlling said first U/ |light source and
first color sensdr, or said second W |ight source and said second col or
sensor, 5so as t o cphirglhngatanmhpichiaerk noeans itntiadicaist theidetériingd nat i on of

t he banknot e &nﬂﬁ]’iiﬁﬁt a decay of the correspondi ng excited | um nescence

light; and 20controllTing the comrunication neans to indicate the
denom nation only if said denom nation is further conpatible wth the

detected decagy. Th‘;greth‘[}aedcg%m%qo@&gﬁrlgi\plgergﬂ: claim 12 or 13, conprising the
further steps of: 25controlling said first UV Iight source and first color
sensor, or said incasea determined color value does not match any of the stored

10 reference color values, said method includes the further step of
controlling the communication means to indicate that the banknote

denomination is not identified.

14. The method according to claim 12 or 13, comprising the further steps
15 of:
controlling said first UV light source and first color sensor, or said
second UV light source and said second color sensor, so as to illuminate
the banknote, interrupt said illumination of the banknote and detect a
decay of the corresponding excited luminescence light; and
20 controlling the communication means to indicate the denomination

only if said denomination is further compatible with the detected decay.

15. The method according to claim 12 or 13, comprising the further steps
of:
25 controlling said first UV light source and first color sensor, or said
second UV light source and said second color sensor, so as to illuminate
the banknote, interrupt said illumination of the banknote and measure a
decay time value of the excited luminescence light;
comparing the measured decay time value with stored distinct
30 reference decay time values corresponding to distinct denominations; and
in case the determined color values match reference color values,
determining that the denomination of the banknote corresponds to that
associated with said reference color values only if said measured decay
time value matches a reference decay time value corresponding to said

35 denomination.



second WV |ight source and said second color sensor, so as to illumnate

t he banknote, interrupt said illumnation of the banknote and neasure a
decay ti rwovalws1d the excited | um nescence |ight; conmpamipPgoioes3seasur ed
decay tinme value with stored distinct 30reference decay tine val ues
corresponding to distinct denoni nati orf® and in case the determ ned
col or values match reference col or values, determning that the

denom nati on of the banknote corresponds to that associated with said

ref erence coli6r Thalmebodatoprdihg saiady neasiicledhdectyist comprisihgéhearat ches a
reference de?ﬁ%h%% S\ @l ue corresponding to said 35denom nation. 22 16
The met hod accor iﬁg)td any one of clainms 12 to 15, conprising the further
steps of: comontwbllingghe Hestflight sotiicgland gbeifice @i geheorf or she col or
sensor, or t ' I Sso as to
detect a pregg%ﬁﬁﬁ%@g%ﬁh%ﬂ%gﬁ@%g%%n&?ﬁ%&g§F§§%8ggg%%k%%ai%%%ﬁ&%alues

det erm hed f odmdsingnaitdblneeddy ddsddr anealomvaligssietermiset oo sgiady sensor

corr espo_ndi NGedeRell GO BT ﬁltsf%éfs&%ﬁ@c&b{"rs?tkgorrycofrfersﬁ?{sdtirgg ?f 1:he test zone;

and in case a_presence 0 om nant bl ue colo etected,
control | i ng tehtted plaralignofrsatisof the tesighaeir@dt hat the banknote is not
valid. 10 17, T'ﬁ?cﬁg‘%tahﬁ%é}ﬁggfg'd@&iﬁﬁlt%?de RidetlAMBontrolfigy 16,
conprising the further steps of: controlling a third |ight” source to

i rradi ate ondheeqiemynicptien means tpdpdicye thayshebanknsteds pptvalid. third | ght

havi ng1@ blue |ight conponent, and a 15 third col or sensor operable to
recei ve corresponding third excited | um nescence light transmitted through,
or reflectedfr dme m%hmi 8eOTGing &0 2By 0RE of gais Bcko 19, preREriEs thY a

cor respondi ngy kKA GRGENCE col or, based on test zone |um nescence col or

val ues det erm ned fron1si%nals received fromthe third col or sensor
correspondi ng t o cPRiGRHIng Athird sk sowree to)irraiate Qnesiduef thetess zge t he t est

zone in resppske hehknde Wvithradihliiddidht inabMBianstié GBht @&ponent,idhdcase a _
presence of iﬁﬁg g rrespondi ng | um nescence color js %ﬁt cted, controlling
n

t he cofmunic artenos PrAkIat ¥ CAIVe RYTBRRRAGEe HSE&I i d.

luminescence light transmitted through, or reflected from, the test zone,
so as to detect a presence of a corresponding luminescence color, based
on test zone luminescence color values determined from signals received
from the third color sensor corresponding to light emitted from a plurality
20 of parts of the test zone in response to the third light illumination; and
in case a presence of said corresponding luminescence color is
detected, controlling the communication means to indicate that the

banknote is not valid.

25 18. The method according to any one of claims 12 to 17, wherein
the passageway allowing the banknote to be moved along a scanning
direction corresponding to a length or a width of the banknote; and
two of the light sources, and the corresponding color sensors, being
distinct and aligned in a direction approximately transverse to said
30 scanning direction,
said method comprises the further steps of controlling said two light
sources and the corresponding color sensors, so as to determine a color
profile along said scanning direction relating to each of said light sources
and compare said determined color profiles with stored distinct reference
35 color profiles corresponding to distinct denominations and, in case the

determined color profiles match reference color profiles, determine that



2518. The nethod according to any one of clains 12 to 17, wherein t he
passageway allow ng the banknote to be noved al ong a scanni ng direction
correspornaiongiits1®@l ength or a width of the banknote; amdT/EP2010M06638f t he

| i ght sources, and the correspondi ng col or sensors, being distinct and
aligned in a direction approxi mately t¥hnsverse to said 30scanni ng

di recti on, said nethod conprises the further steps of controlling said
two |ight sources and the correspondi ng col or sensors, so as to determne a
col or profil ¢haldemgmiatidn of dhaibagkmtite ectresponde tatthatgassociged hwidf sai d |i ght
sources and %Qﬁ‘}@‘fe‘?en%gkﬁo{j&to?ﬂé? ned color profiles with stored distinct
reference 35C0! or profiTes corresponding to distinct denom nations and, in
case the determ ned color profiles match reference col or profiles,
determne that 23 the denom nation of the banknote corresponds to that
associated with said reference color profiles.



