| N- LI NE DECAY- TI ME SCANNER TECHNI CAL FI ELD The present
invention relates to the technical field of optical devices for determ ning
decay ti woRodnuarsat eri stics of | um nescence |ight em ted/Epyoia/nobisey nescent
material. Particularly, the invention relates to optical devices such as
optical scanners for authenticating an itemmarked with a | um nescent
material on the basis of the decay tinme characteristics of | um nescence
light emtted 10 by said | um nescent nmaterial. BACKGROUND OF THE | NVENTI ON
Lum nescent materials are commonly used in security markings to be disposed
on docunents or articles, or 15 in the bulk material of docunents or
articles, as an authenticity ¥¥diNEe DESAKoHIMR ST NERat erial typically
converts energy of an exciting radiation of a given wavelength into emtted
| i ght havi ng anot her wavel ength. Lum nescence em ssion used for

aut hentication of a marking 20 can lie in the spectrum range fromUV |ight
(200- 400 nm) TEGHETGRR FIEfRt (400-700 rim) or near to mid infrared |ight

(700- 2500 nm. An "up-converter" material enjts ragiati n at
a shorter wavel ength théWQJﬁﬁe%ﬁ“qfﬁ?%ﬁ&ﬁ%ﬂquf?kﬁﬁ%&i?ﬁLg%@ pache Bﬁ??gst, a

"down- conver ek dMater | Aptaals [REiakbon fat ade@BgRiniayel aagiy t bamet hat
of the exciting radiation. Mdst |um nescent materjals can,be(gxc%ged gt
m

mor e t han® on&ha&der Rttt Csand oS ome Y HMSSESRERt MEYEYS al §MERTF

si mul t aneoushymahe8BEEE tHAE GRA Wk 8B8gl Ar1y W he invention relates to
2012/ 167894PCT/ EP2012/ 002339 2 Lum nescencenaybedi vid dirgéﬁ&% {cati
phosphor esceRPEICHhi ERVIEPSt 8YCR 02F i AREHRA Ly R UdiSatiogn BHSEEsHFatINI
observabl e afyheri tiehe kietiatii®R RadivatineBckat r AEBYEThY typi tlad | yasid tbEa
decay lifetinme from above about 1 ps to . . .

the decay time characteristics of luminescence light emitted

10 by said luminescent material.

BACKGROUND OF THE INVENTION

Luminescent materials are commonly wused in

security markings to be disposed on documents or articles, or

15 in the bulk material of documents of articles, as an

authenticity feature. A luminescent material typically

converts energy of an exciting radiation of a given

wavelength into emitted 1light having another wavelength.

Luminescence emission used for authentication of a marking

20 can lie in the spectrum- range from UV 1light (200-400 nm),

visible 1light (400-700 nm) or near to mid infrared 1light
(700-2500 nm) .

An “up-converter” material emits radiation at a

shorter wavelength than that of the exciting radiation. By

25 contrast, a “down-converter” material emits radiation at a

longer wavelength than that of the exciting radiation. Most

luminescent materials can be excited at more than one

wavelength, and some luminescent materials can emit

simultaneously at more than one wavelength.



5 about 100 s), and (ii) fluorescence, which relates to pronpt radiation
em ssion upon excitation (typically, with a decay lifetine below 1 ps).
Thus, a |woi20eseeny material, upon illumnination wth exectraten/obizght
within a first wavel ength range, emts 10 |um nescence light within a
second wavel ength range, which may differ fromor overlap with said first
wavel engt h range, depending on the | um nescent material used. A
characteristic spectral property of a | gm nescent material such as its

em ssion light intensity profile with time, or its 15 characteristic decay
time after excitation hag;siopprd fop.exanple, copsiddditesia.signafyure of
a presence of this very material and may thus be used as an authenticity

f eat ure forPHesrrAias§egeaui neheds dreliadeger §o of t HreHfilReSEent 2fhd ki ofy.

Lumi nescent (RS diftlod s@irGabh 855t Cet NHLAKENE §¢ PIn 2B HREULK Ysi PéRoPEd
coatings. For exanple, the follow ng patents disclose |um nescent

subst ances, (WPttrlay ivHdhude desadrbsfedfing dremt SRHe mypoditstli it ®ecay

time properbhes, AW SECUd ¥133PenubBebUdhdy SHBRnSHRILRBEEEs FFoR 066 854
Bl, US 4,451,530, US 4,452,843, US 4,451,521, Processes and 25 apparat uses

for detecti HgdialdqresTeifed on gieramkcdtekénni dEvRiedl ey nafidy 3 t@afadY e al so
wel | known: 15egyidOhea%am! gs) US 4,598,205, or US 4,533, 244, which disclose
sensi ng decay behavior of |um nescence em ssions. Lum nescent coded synbols
are known from US 3, 473hgg7, aankdmessentamateadel  f g9poBo iM4HMABIEEPR codes

is disclosed;iR y&ﬁnaﬁ&%@@g&h%@a&ﬁnssfyé@,&a%l%%%tﬁzmk)éea,2:;515557 B2

and US 7,427,030 B2 disclose using two | um nescent materials, having
di sti nci0 dedapinesreopbititesyitbin adit FERPPR atPHYLARE R eh@nIgAD Which

2012/167894Rg¥/552§ég/99%3Q&‘%verlap with said YPICAH lWavedengBANBEngEcOr di ng
to the known art for detecting tinme-dependent |um nescence Ilght conpri ses

a power soufeeending rHECtiH NescanpoReEc sy tseh 1A ghereshpeéstic

(connected tRtheaPOYRLESRHGCR)E far 1ddiHERRhENGA & iladM Bescents nateri al
wth excitation light, a light sensor for neasurlng an intensity of the
| um nescenc€MLEgheN ettt OBE by NERBSEGW neseénte natéfhal Lifsd a Tont #BF unit

(process9r) chakacoat{Nlild NikdRe Powera {QU c@(’ciltiagh]BnSQE§C§t§F§eJ_ij gkbrsensor
to acquire and store an intensity profile of the 10 emitted | um nescence

light, and EX¥PeEplatifenetdedey td melaratyger Pénet RE§SPAtRNnSEt YRpFoVEFE. A

| um nescence gRL$81 Ofnd MANSIHYE WeOfusk® 6Ar ahNb@ASdABi-AM@RS UsakLFB eurVe)
conpri ses successive enmssion intensity values |(tl),-, [(t) froma
| um nescent IPREEELRY FRINEMCEESEt OF hECRIHE At Pv AU RRICert Marking .t oget her

form ng a |um nescence 1RMi$8k508nEUMYEet{4)s are classic ingkB@ikh@bt ogource
in such scanner, depending on the part of the spectrumused for the

det ecti ®f ofSCCHELFYIN WeS BnCOREEBEF al PO @ 18n FhR abfe MY PaiFNES
typically fqiseaysetenghbsehedveesusdbiice400 yhNcho maljouinc3%08 milxtused

of pigments having distinct decay time properties, and
security paper including such substances: EP 0 066 854 Bl, US
4,451,530, UsS 4,452,843, US 4,451,521. Processes and
25 apparatuses for detecting luminescence light and authenticity
of a marked item are also well known: see, for example, US
4,598,205, or US 4,533,244, which disclose sensing decay
behavior of luminescence emissions. Luminescent coded symbols
are known from US 3,473,027, and an optical reader for
30 luminescent codes is disclosed in US 3,663,813. The patents
us 6,996,252 B2, US 7,213,757 B2 and US 7,427,030 B2 disclose
using two luminescent materials, having distinct decay time

properties, for authenticating an item.



20 with nmechani cal or opto-electronic devices for delivering pul sed Iight,
or a flash lanp (e.g. a Xenon high-pressure flash |anp), or a | aser or

Li ght - EmMiwbi20gyigissde (LED), emitting in the WV, visiblepormprRinegion,
typically for wavel engths from about 250 nmto about 1 pm The |ight source
25 may be powered by a drive current (for a LED for exanple) or by a drive

vol tage (for a discharge |anp, for exanple). The |ight
sensors or photodetectors in such scanney nay be photodi odes (single O
arrays), phototransistor or photoresistance circuits, |linear CMOS or 30 CCD

sensors, for exanple. . The scanner, .in addition jt
specific power modul e fOPISESHYYI Ag SRESEARRSPEHTH g%wttcafr]fg r}%%gw}él ggt
conpri se a GoMTWiteating maadselécpavdertt naynibeszenadi digbtukemp¥ises a

2012/ 167894PCT/ EP2012/ 002339 4 for wireless c [ catj ove ¢-Fi, for
exanpl e), aPR"§pl & WS5qul £F e?gf:oﬁn?f%h?ra g?y%%wfﬁgp%%{e@,g orﬂﬁﬁjﬁescope

di spl ay, forsodirepl aydongeneagurted et soaverscapurer) paeanefléusinapidiaa a
controlling.interface for _inputtjng scan. ondi {] , Lnglkydin r ol
ui t ches’ nadi G RAFET bl B FERCET ofs g AR L S pore  LHORENGROBETD
often, the tfiore mdapenibent an nteresistiyycwfyvéhef Lhnimeesweasc d ighits shahted ght
(i.e. intensity. . profil.e w 10 ti fr | um cent; gllcakshs

nodel ed by Z?H/ g)?ﬁo;lenlflg C%gi\}v ﬁq?%lgf%ld exp iaaa[("tzjcgﬂt o; ; , %gmltpn oti msa t) is
counted frorfoirni ¢émtirdliliegt ochet  phiveh sheresci tldghén ddugive i andinilAgkt ng

sal d mater i alopl gy Suid CHEGPIL - aFBUSs: Ut ALAT HGBnYaLY® GOI 28PARMI BEetO the

decay rate constant a characterizing the I'um nescent material |
necessi 1@t esmigasdr i hgyingbscencexdiitghiti onaitfhs cetepprbingnaerigdiYontiReensi ty

profile conpesed %froﬁu%ﬁqg%zifﬁe%@i%? UG ENSiat V1 WAlkeSehbt Lemissiéh) |

over a time interval. ecay tinme value T fromthe intensity profile
| (t) correspongssibyap1ofPIr | frr oiensiialy e aoas T eliie dASheCS™PE1PET sed

i ght sourcejlbug pat g5iLheoh ushpesceny PRIgEd ak (it h, anr exgi tatdmonal i ght
of a given intensity, in a first wavel ength rangge, uring an excitation

time intervadiumipnpseent hevadteimlinaticdAuRas sebpp PRI SN LRPL h EAMET me

del ay, {hge lt'lghE £ SENTRYethkdr FSrABsYd NG AeSHERES Sdnvigs idhUesr0é 118 .
decayi ng lum'nescence light intensity in a second wavel ength range over a
measuring time intervalTheantigie T3HTEspUhdFRE! | RARBREEeNEBPF NS ©Y

profile is shQreg.i BerMBUAY Yspdber@penationdraythe IRipeateensSerastheo
obtain nore reliable average val ues. Usual it is 30 possible, et the

. . Ly, to
excitation tiUgPPRERRY dPatidiadr 3¢ PPN déPSInNdRS TG & 3o &Yﬁéaéhfi’ ng
val ues of | NERGENERyEIE EBStheerhallita 4det eat iton abbnesbobd ua) uesed the

Tght sggsorwi?:lil art?ggh%r:itcsa\lsaéyr g})i:gge{erlgtersorlll%lcd Xea\lfiuceés for delivering
pulsed light, or a flash lamp (e.g. a Xenon high-pressure
flash lamp), or a laser or Light-Emitting-Diode (LED},
emitting in the UV, visible or IR region, typically for
wavelengths from about 250 nm to about 1 pm. The light source

25 may be powered by a drive current (for a LED for example) or
by a drive voltage (for a discharge lamp, for example).

The light sensors or photodetectors in such
scanner may be photodiodes {single or arrays),
phototransistor or photoresistance circuits, linear CMOS or

30 CCD sensors, for example.

The scanner, in addition to its specific power

module for supplying the scanner with power, may also

comprise a communication module, which may be a radio module



5 However, variants are al so known. For exanple, US patent No.
6, 264, 107 Bl. discloses determning a decay tine fromthe tinme required for

t he | at enyopbpshgaescence intensity to fall through twecprpdabeirsaned
thresholds. This 5 patent discloses a scanner conprising a flood LED (FLED)
as a light source, i.e. a very intense |light source. Such an intense |ight
source is indeed necessary in this case for chargi ng enough a tag
conprising the |lum nescent naterial (phéesphor) and preventing the problem
of | ow signal response. 10 1In an other approach, US patent No. 7,262,420

Bl di scl osegofcarditelgsUtcdiuniRla@ibhl Udwat | ansryy t eaxciekahpoa) ) i ght for
obtaining a_single decay tinme value: the |light source is_successivel
activated (FHIRIRY arSdMdeexcPt@ti oh tiABIAnterX2Ha! addsRlg8¥ ngtePnedure of

| um nescencriAdd & tdiskralys RS AHikBdadfd@rnédduidd WE it dONsOind gy
| um nescent material wth the excitation |ight source has been sw tched
of f, but eab®*¥FREEES3| VA dredsGPRREMLING Pt HiREd vitth P REYHE%entcanh e

del ay caunt gghdioprdd)e tingm vatinghi enexeit akivoichéght nheimyv tahed pid .
However, this nmethod is 20 tinme_consunmng, as it requires one illum nation
per neasur e§UREREHS ARpd ARUEN/REF cCPin order to obtain nore reliable
results, this nmethod requires repeated neasurenents corresponding to a sane
time delay. 25In order to obtain a stron%g&?luninescence s%gnal, sone

scanners al |l ow settingMPRE @kE$R/attinen timfredeReRAsRl 1nEEnSL tY oS R ERArYR”

enough the hugiRescaide Panissl®@s 1Aghbe |Und.nesgeshs ey egralfile. ewigixcite a
great nunber of such |um nescent particles tao Qbtain nore intense 30

| uni nest®ncEiBe ssEBA}. Rbr SHPERESFHE a TteER lacdd adPHH She et 6™ ned

decay tinme ¥ahdgen@idll Utalhi tytpE vgl ickp (RgBSL{]) Prohér&sn acemsuccessi vel y
acquired (for exanple, about, 6 a hundred), these curves are then sggggg and

h h
an aver age CVEP?@i2f§@?8§2¥%ﬁ?%¥EHT?/6%2%%9W%E%%rSgei§x8éF§E+%Te

| ncreased ageuimLyat shokkaunpdtefidhe J estktheg sfonahuwf, obeairasyr£d
intensity is normalized and the normalized sjgnal is used for cal culating

the decay tVAeYSal FXTATPPREERS t v Pr of PPe i%€SRYI i d¥FFS t nEGTEBRSI t y* val ue

5 of ati14 eashathetdd£ingdoi Mheof th@ihBsesnsd ty mytafrila@ i S nalkeveigatesection
threshold of the |ight sensor and below its saturatiop threshold (if said

val ue is toBePBW BRIt 002 hFgh, EREIBXTIhat b ti AECTRS G esp@Rt i VB AR r eased
or decreasedhtehoVEyeprofi ¥ OBORIBId SES dut@dse vehemad skhenexatkation time

values I{(t;),.., I(tan), over a time interval. The decay time
value t from the intensity profile I(t) corresponds to o™l.
20 In commercially available scanners, a pulsed light source
illuminates the luminescent material with an excitation light
of a given intensity, in a first wavelength range, during an
excitation time interval. After the illumination has stopped,
possibly with a time delay, the light sensor starts mesuring
25 successive values of the decaying luminescence light
intensity in a second wavelength range over a measuring time
interval, and the corresponding luminescence intensity
profile is stored in a memory. The operation may be repeated
so as to obtain more reliable average values. Usually, it is
30 possible to set the excitation time interval and/or the time
delay so as to avoid measuring values of luminescence
intensity below a detection threshold value of the 1light

sensor or above its saturation threshold value.



10 interval is too short for allowing a reliable normalization of the

| um nescence intensity signal, particularly for |um nescent naterials

i ncl udi ngwe 20ixistigod of | um nescent particles of differertTinppe3/oengds of

whi ch decay tinme values are widely differing (for exanple, particles having

the 15 shortest decay tinme may not be detected by the scanner). Another

problemarising with the use of variable excitation tinme is that the

| um nescent material is not excited undey the sanme conditions for all the

intensity profiles, and, in case of a material including a mxture of

| um nescent 20 pignents, havi ng d| siine ay. er S may

cause confusion. For e>§<{arrpl lﬂnandq“%% |€flléuégflfa ‘grpa %ggeeg%mhg?nal i zed

intensity prsfphesnt ram &, mﬂkﬂﬁ@ Bl t dhi sl dsiels @buﬁrmersxmmta eceryi afu)le

including t yp of pi nt pi A P2scbRcthis

exanpl e, th\gj):éfécagg tlrg‘l‘; \r}g%gq%fd Qg%rrenf'ge Q?E&Ka out (%%Oopsscanc t he

decay tine Jaleesbpty ptcgnfaafﬂtls mq@hatt@@t pEedepermhigy |thrsisbaddan BReStation

curve (13 N3uifcaq] OO RXCL BLhReE! Myl aryal of &@%ﬁ . (F2R8) 3as a

correspondi ng nor ma i Zed 1 uni nescence i ft ensi y pro? (P1+P2) for a

| um nescent lightmetcericgl, 30 ©ei Ag weuy xinkensd 509Hbf SOMECE| r STUGH gdnts Pl

(having the, ?\Qgﬁggr l(_jlﬁﬁ@y sblfBe qr hi ek q?e(\c@é s534€); naNth 0% D e t?@rsecond

pi gnents P2 (having t | onger decay tine, | owei decay rate).

2012/ 167894 PO3LEP29 121002833 7tFY gCSPBpébﬂ%péhﬁs 1t“6‘1§ef=‘%ﬁlﬁﬂe§‘é’éﬁfl?hk

including a (%éggﬁ&)‘)fan@%&%@em??n&'iﬁé JHcTeRt §fPlowdndh 8% et shbgssecond
I'n

pi gnents P2. hi s case, the excitation tine has been adjusted to a
shorterl@al ue of 10 psInagnseSWAToAPRRRFE Mt | Bh Bty &0 2)s 282t $RRIGRL t he

concentratigg §c9£s§%gﬂﬁﬂﬁﬁnbnoh@emﬂlg@&mﬁgjgﬁm@hgﬂﬁﬂﬁ§vﬁkha@QcEgatlon
5|gn|f|cantly differ fromFig.lA to Flg? t he normalized | um nescence

intensity prléghFe§°(fquhi?)lnaP§ veer §isg | decand tdas H&ylgey gde light

d|5t|n9U|Sh%@urIQU§s'§hcb§s§9§eﬁ&“@¥§1@9§§ibk@Urfﬁg|& BBMe bexd@cdtidncul t,
to detect a difference between two nmixtures on _the basis of |um nescence

intensity ptéRe| tREYHtEIN@ADY TaRYIhdRaserexeft AreIqensEe ANEBLYhEY he

above exainplig rgbat®sndL RirgERNt Shdavi NGntiviBik§ah d@gaycrtd meumaheesemd about
few hundreds of mcroseconds, a sim/lar conclusion r}(gl s for Cgmants

havi ng nuch™P&RGe?! detHy theree ¥t s ofF dIRE SPURGRef S A S?HerbF%kB‘?

arising wtRrgai dbuenovicrlesaycés SBves CABASE Seréntl b tplé&yfodﬁedloﬁﬂlal'ﬂ oW
acquiring a |l um nescence intensity cg)r ofile, _and tggs ﬁterm nil: ngwﬁm%q

corr espondi R TABEERT t | M aldRtaYor PRESYt i eVl g"al s

excitation light is switched off. However, this method is
20 time consuming, as it requires one illumination per measured
intensity value. Moreover, in order to obtain more reliable
results, this method requires repeated measurements

corresponding to a same time delay.

25 In order to obtain a stronger luminescence
signal, some scanners allow setting the excitation time
interval, so as to “charge” enough the luminescent particles
in the luminescent material {(i.e. excite a great number of
such luminescent particles to obtain more intense

30 luminescence emission). Moreover, for a better accuracy of
the determined decay time value, a plurality of wvalid
intensity profiles are successively acquired (for example,

about a hundred), these curves are then summed and an average



concentrations in case of a mxture of different types of pignents, in case
the lum nescent material is noving past the scanner; particularly, in case
t he | um ngeeentien®ieri al noves fast past the scanner onpaT/EP2012/002339
production/distribution Iine. For 25 exanple, in case of itens marked with
a lum nescent material and transported on a conveyor belt of a production
line noving with typical speed of about 200 to about 400 mimn (i.e. about
3to6 ns), it is clearly not possibleé6to acquire a | um nescent intensity
profile I(t), even is the 30 |um nescent material has quite a | ong decay

time val ue efirdefew Fa1001806€. Theweadedendiddureali A aBtamedcatds omeof said
novi ng mar ki ng i s, not ,posaii ble in-line: for, example, ,authentjcati

. ng a
| uni nescent TRAFKFIRP stidPads °f GRFcBARSYHTES IRAEPeaEY) 16789@@%%%0%29 002339

8 the normalized signal is used for calculating the decay time
value. An intensity profile is valid if the intensity wvalue
5 of at least the first point of the intensity profile is above
a detection threshold of the 1light sensor and below its
saturation threshold (if said value is too low or too high,

the excitation time is respectively increased or decreased).
However, a problem arises in case where the excitation time
10 interval is too short for allowing a reliable normalization
of the luminescence intensity signal, particularly for
luminescent materials including a mixture of luminescent
particles of different types and of which decay time wvalues
are widely differing (for example, particles having the
15 shortest decay time may not be detected by the scanner).
Another problem arising with the use of variable excitation
time is that the luminescent material is not excited under
the same conditions for all the intensity profiles, and, in
case of a material including a mixture of luminescent
20 pigments having distinct decay time properties, this may
cause confusion. For example, Fig.lA and 1B illustrate a case
of normalized intensity profiles from a marking with an ink
{(luminescent material) including two types of luminescent
pigments: pigments Pl and P2; in this example, the decay time
25 wvalue of pigments Pl is about 100 us, and the decay time
value of pigments P2 is about 500 ps. Fig.lA shows an
excitation curve (1) having a long excitation time interval
of 100 wus, and a corresponding normalized Jluminescence
intensity profile (PLl+P2) for a luminescent ink material
30 being a mixture of 50% of the first pigments Pl (having the
shorter decay time, or higher decay rate) and 50% of the
second pigments P2 (having the longer decay time, or lower

decay rate).



datamatrix on an itemtransported on a conveyor belt. Consequently, in-line
secure track and trace operations based on such in-line determnation of a
| um nescewd 20ry@mist y profile are not possible, althouglrchirpbdigoosss rabl e.
5 SUWWARY OF THE | NVENTI ON The present invention is ainmed at
providing a scanner, and a nethod for determning an intensity profile of a
| um nescence em ssion light froma |lum nescent material, 10 and a decay
time of said |um nescent material that owercone the above nentioned
drawbacks of the prior art. The invention also relates to a

system f or e Lp-li ' | fi [ nﬁﬂthﬁﬂ I cafyl I Lem; gd with
a Iuninesce%ﬁgﬁggeffggeéﬁgﬂ%%d%gg%r?% on a %SQS?i?@F%&F?g%/%rg%ggggon
| i ne, possibify 2% hiogh sipeedireh tiiamsadiss Bf @aday58% nefchdracEeFPREi cs of

this nateriggpmgxtgskgg the %ngiféTj%gagﬁgre@QthbﬁoﬁeQﬁﬁethﬁﬁsd%&@ﬁti0”

met hod acco ng to the invention. he invention allows in-line

operations efdiRetedeheid i ity adlienpitcaPi b, oS afh e AMEHAdaRiPR a

| uni nescent el i, BassbuaR Hik debaidialiens domp AEAsurad tAbensi ty
profile, of the decay tine value of said naterial or, in case of a materia
i ncl udi ng amiixktgee of |RigRRIEEen?l pandi Resshavi htcantdty ndifRcafrPime 25

charact eri stgdjes, 20f (S hepdeaay tifB VAbHES B CONReRtEAdAaNS jeREeReSPPNI NY
to each type of particles in the mxture. According to one aspect of the
i nvention, ®rofapper fBEFRAM erddsi ntedh iSitEASTt y 3pfof FPB of2FdHY neBBence

30 light fromsg;hyal Heseenthy@mt il ks EBYI BOWPRS IpSAib1eGanBRel tahapgba path
inafirst direction, said |um nescent material emtting said | um nescence
Iight wWt® hi fifféeedhd %@uﬁﬂﬁ?ﬁ@tﬁ difference between two mixtures on the

basis of luminescence intensity profiles obtained by varying

the excitation time. Altough the above example relates to

pigments having typical decay time values of about few

hundreds of microseconds, a similar conclusion remains for

15 pigments having much longer decay time values (few ms or
more) .

Another problem arising with said known decay

time scanners is that they do not allow acquiring a

luminescence intensity profile, and thus determining a

20 corresponding decay time value, or decay time values and also

concentrations in case of a mixture of different types of

pigments, in case the luminescent material is moving past the

scanner; particularly, in case the luminescent material moves

fast past the scanner on a production/distribution line. For

25 example, in case of items marked with a luminescent material

and transported on a conveyor belt of a production line

moving with typical speed of about 200 to about 400 m/min

(i.e. about 3 to 6 m/s), it is clearly not possible to

acquire a luminescent intensity profile I(t), even is the

30 luminescent material has quite a long decay time value of a

few ms or more. Thus, identification/authentication of said

moving marking is not possible in-line: for example,

authenticating a luminescent marking such as a barcode or a



WO 2012/ 167894PCT/ EP2012/ 002339 9 range upon illumnation wth an
excitation light within a first wavel ength range, conprises: a power
source; awbi2giicsdur ce connected to the power source anecoppeahlos2ssot o
illumnate with said excitation light the [um nescent material within an
illum nation area, when powered by the power source; a light sensor
operable to neasure an intensity of said |um nescence |light received from
the | um nescent material 10 within a deBection zone of said scanner, and
deliver a correspondi ng | um nescence intensity signal; and a control
unit connecéetamadike Ioinghtanserns@ﬁ aﬁdn@peta@die dro det ebAvBgoANn balktensity

fil f d d, h t t
Gl gnal s 15 GEMTOBRET G tRoLH GnIc Qs b I har b TEect SPERRRLPIF T o

area is at anfigwh Imalimsn abﬁagmsmatdomatdaf a lumlﬁea?.cdard:et entéost zone i s

at a subsequen% econd at| ongﬁo al @é CIn th f| rst direction,
and ext endsP&f Jng aar&)lrxto oR°BPLRETd 5 eldﬁta d8nsor is operabl e

to collect |um nescence light fromt he I umi nescent material duri ng its
notion along the path in the first direction across the detection zone, 25
and neasur esemMARY @OFsiTHE afverTzool | ected | um nescence light - within said
second wavel ength range, and deliver a corresponding | um nescence intensity
signal ; and The present invention is aimed at providing a
scanner, and a method for determining an intensity profile of
a luminescence emission light from a luminescent material,
10 and a decay time of said luminescent material that overcome
the above mentioned drawbacks of the prior art.
The invention also relates to a system for the
in-line identification/authentication of an item marked with
a luminescent material and transported on a
15 distribution/production line, possibly at high speed, on the
basis of decay time characteristics of this material, by
using the specific scanner and the decay time detection
method according to the invention.
Thus, the invention allows in-line operations of
20 identification/authentication of an item marked with a
luminescent material, based on the determination, from a
measured intensity profile, of the decay time value of said
material or, in case of a material including a mixture of
luminescent particles having distinct decay time

25 characteristics, of the decay time values and concentrations

corresponding to each type of particles in the mixture.

According to one aspect of the invention, a

scanner for determining an intensity profile of luminescence

30 light from a luminescent material moving past said scanner
along a path in a first direction, said luminescent material

emitting said luminescence 1light within a second wavelength



said control unit is operable to control said power source, |ight source
and |ight sensor, and determne said 30 intensity profile fromthe

| um nescewoeoimicesysi ty signal delivered by said |ight seas®mP2upom3seception
of lum nescence light emtted by said | um nescent material noving across
said detection zone in the first direction, in response to WO

2012/ 167894PCT/ EP2012/ 002339 10 illum nation wth said excitation |ight
within said illumnation area. The |ightg source nay be equi pped with an
optical filter for delivering the excitation light within the sel ected

first 5 wavel.engt h J.angs 1. MlisQribRe Wit a9 eRELE £ FBYoDE 18gHE PRAG NMAE ha an
optical filfer~“adapted to receive only the |um nescence |ight which is

w thin the fecehdwasldnaidt BapgngecomMie Se8spective first and second

| ocations of the illumnati@n zone and the detection zone nay be separated
or may overlap. 10 This latter conpact arrangenent being nore convenjent in
case of a | um nestbght MmAEGealcoRBeFREdatheRe RRWSEY SOMFESy aPEeCBREFRIE a

sl ow motd on @f sachitRler | i cPadaibheeR6fite®lon light the luhbResdave
specific detection zone extending along a path in the dlrectign of ‘_(rg)tion

(i.e. al ongmaterapbctethin1mrof i HEningtings &ife mates? aPo"Ebgat Re&r W h the
| i ght sensor,heingospaci fically adapted to collect |um nescent [|ight

emtted while the | um nescent material is crossing thjs el oi%&at e%d de.tdecti on
zone, in fact afl dWENENHESBIARANEPCEP LS oFP PRI Hhi tRFHY et €15 afSver a
much greaten pehk9€ence light received from the luminescent material

10 within a detection zone of said scanner, and deliver a
corresponding luminescence intensity signal; and
a control unit connected to the light sensor and operable
to determine an intensity profile of said received
luminescence 1light, from luminescence intensity signals
15 delivered by the light sensor,
wherein:
said illumination area is at a first location along said
path;
said detection zone is at a subsequent second location
20 along said path in the first direction, and extends along a
portion of said path;
said light sensor is operable to collect luninescence
light from the luminescent material during its motion along
the path in the first direction across the detection =zone,
25 and measure an intensity of said collected luminescence light
within said second wavelength range, and deliver a
corresponding luminescence intensity signal; and
said control unit is operable to control said power
source, light source and light sensor, and determine said
30 intensity profile from the luminescence intensity signal
delivered by said light sensor upon reception of luminescence
light emitted by said luminescent material moving across said

detection zone in the first direction, in response to



20 conpared to a scanner of the prior art, even if the | um nescent materi al
noves quite fast past the scanner. Indeed, the typical length L of the
det ecti onrwoeoe/mhseg the direction of notion, for a giveoTieppéicab2ssel ocity
V of the lum nescent material running across said detection zone (for 25
exanple, a nmean velocity), may be determ ned so that the correspondi ng
measuring tine interval At of the emtted |um nescent intensity is
sufficient to acquire a |lum nescent intldnsity profile I(t): for exanple,
with L V At. 30The above scanner according to the invention may further
have its |ightursensabnadapied seatdat dxdeetaespansiMight (iwethihe satibo of
gener ated photocurrent, or output voltage, to incident optical power),
within the SebBHP2%\eP28197 167894PCT/ EP2012/ 002339 11 wavel ength range
(i.e. the |tid NESEENCEMES BN Beangfuiipedherilthmane sparicatattenictak for
considered), of said |ljight sensor.is iubgt antially nifor?over t he N
det ection ZO%ELVeSiRG: ablts afFG 1 HAF Y miAEBhs "HFRE T he S e SBORSTET t y 18Ftt he
li ght sensokat&lehdrhl HINGESCRDSE, Effie Siiehtr eeabuvedmi y Ove aeqaippeal wilke
detection zone is_coFstaT%;L or nl\t/ flgct uat es ar%gl:ld alﬂgne vial ue, for
exanpl e, by2ho°Rb+E2t hdnt188, 25ABCHP ef 81 &5CF K5 €t o T FOGEL i on
of the | ocaligmt ofwrnilet partwiridin nthbe det@ed | armvzaragtihi sarspdst ankei al
uniformty of the |ight,sensor 10 responsivity over tly?‘] detﬁgti.or}i zone
al l ows el i nFRSRTHG S o The AESs ¥t oht €2 H5P5r of F 1 &7 ¢ I 8RB ons
corr espondi pgné Oard degy agleck cHiant wonef fnbgi Bacyephrited | dxghtasensoriafor t he
detection of fhotons received froma certg}iﬁn regi on of thei dq__t elct iconezone
with réddhectitd PHOtONSTRRE Y BEE3BIFVTH ST HeFOF8gFBRY St The 'dbtEEEi on
zone. As a gensequeniaRsdehe acmwriad imivensi tay proeft | deshpwsiaevardlatei on of
intentity over tinme ich is practically only due tq.the radiative
de- exci t at | BRAGYT thé oiﬁ’rrf“r‘?ééBEn?gp%ﬁ’ta# 5%(55’:6\}/1( hp‘??t?r%qen SERE"F Ui nescent
material. Reliability ahet Bpodetsasadifad doteasidry Rthepreaftiehding &hwrsy
i ncreased. Consequentlﬁé, it is also possible (t.o obt ion a re.re (i)gb)l e
val ue of th8 BBESyIPi FBef FORTSUAM i Ht eSO profil 81 °Pdedl Fy2ITRe™Y
responsivi t yrshasl duhénesoser tmattdrd ahi, ghegkthossivbte vhéudiflor séesor
| um nescence wavel ength .range considered, but.still Jjn.the |ipear,response
range of ZSEFP@gI i@‘ﬁ?qc éﬁ?@g?’ iﬁd%‘?‘beecg ;%8 hg%fﬁcgi g ums:'inéer?ézle??o- %:(L)?}%te ratio
val ue and hieghtseasivHiliet yther Idrdneeaent emerttex.iaIpats alcnossfiogn tyif the
responsivity_of the light sensor over the _detectjon zo has_ .the furt her
advant age oFlﬁpf’%gﬁ}%g O@écleﬁ%h?@h 58 abtd §§ﬁ%l ianiglorwa egg?orsct P&®Zcquf siti on
of the 30 intfensoty paddli kajitsind hattéhimlaconeyr eal pnohi beebfed betried
approaches a "continous" curve. Such tter _intensity profile_.cu
al | ons 7ore “PBPREBTe Tt & pSCAPTEH, ?%r b%)?an‘Blr;éan rew oefveélccglfat éﬁ{g
derivati on aumintegert i aatependt innnges quite fast past the scanner.
Indeed, the typical length L of the detection zone along the
direction of motion, for a given typical velocity V of the
luminescent material running across said detection zone (for
25 example, a mean velocity), may be determined so that the
corresponding measuring time interval At of the emitted
luminescent intensity is sufficient to acquire a luminescent

intensity profile I(t): for example, with L 2 V At.

30 The above scanner according to the invention may
further have its light sensor adapted so that the
responsivity (i.e. the ratio of generated photocurrent, or

output voltage, to incident optical power), within the second



WO 2012/ 167894PCT/ EP2012/ 002339 12 based on this curve: this being
particularly useful in case of conplex |um nescence signatures froma
m xture ovodbfFwrsat types of |um nescent particles, toPpexiEPaEhR/00236Ur
concentration values and decay tinme values of the 5 constituents of the
| um nescent material. The control unit of the scanner may be further
adapted to control that responsivity of the |ight sensor is indeed
substantially uniformover the detectionqzone, i.e. is conprised between

aut hori zed

l[imts around an aut hori zed nean 10val ue. A

sensor of a scanngr,ACCOLl ng Lo the i AYENLd Qi JTBLRaYE MI fiffeRe the
P he a% I

configurations cor

éspondi ng t'o 't ove nentloned el ongated detecti

ate

i ght

on

zone and/ or lsuliskanentl ptenidbr monsdgdonedli t pfovididsal ihfet aeRsen 26ne.

15The above SEANDRL; APEOTGANG P JIE IUACLLARLIBY LOUS. MeWSscantially

sai dl i ght sensorconpri si

gap ityof photodetectors di sposed successS

ively

al ong sai d funigordi meens ophateddte piroodetsétvrobethy bistatsieeses #eadure an
20 inten 'tﬁ%n URELRES CERESs 1 d:10Nte dAGRIY 88 ofl AMPA rE0IJre SRRN ARG He b

area withint

etection zone, wthin the second wavel ength range, a

ction
nd

del i ver a coanespsenaPngtphot odeerelet drluchypiescened’d it et yadiignakort he

set of the

25said contro

feQ{aﬁn?ﬁ,eongg, N FRIRCHNAR 2b8aSakPYdrReaba| nslai e tPRAnZ6re

uni t being operable to determne said intensity profi

t he | um nesdendanrriense’ yehe dogpsidgel phereat B réardthhotihtfetddiesitdon

reception of,Juni negeenceubd Gt ;& t ted rBymsey d bim fiesceanigniat gehabrnovi ng
across said detection areas along said path in the

10

15

20

25

30

responsivity over the detection zone allows eliminating from
the measured intensity profile I(t) contributions
corresponding to a degraded quantum efficiency of the light
sensor for the detection of photons received from a certain
region of the detection zone with respect to photons received
from another region of the detection zone. As a consequence,
the acquired intensity profile shows a variation of intentity
over time which is practically only due to the radiative de-
excitation of the luminescent particles with time in the
luminescent material. Reliability of the determined intensity
profile is thus increased. Consequently, it is also possible
to obtain a more reliable value of the decay time from such
intensity profile. Ideally, the responsivity should be close
to the highest possible value for the luminescence wavelength
range considered, but still in the linear response range of
the light sensor, in order to have a high signal-to-noise
ratio wvalue and high sensitivity for the measurements.
Spacial uniformity of the responsivity of the light sensor
over the detection zone has the further advantage of allowing
very high reliable sampling rates for the acquisition of the
intensity profile, so that the acquired profile I(t) better
approaches a “continous” curve. Such a better intensity
profile curve allows more reliable interpolation, for example

in view of accurate derivation or integration operations

: and
e from
pon



30first direction. By contrast wwth a possible case of a "nonobl ock™ Iight
sensor having, for exanple, a nonoblock CCD array for detecting the

col | ect edwphotxomsgost he above configuration of WO PCT/EP2012/002339

2012/ 167894PCT/ EP2012/ 002339 13 the |ight sensor corresponds to distinct
phot odet ectors bei ng spaced so as to collect |um nescence photons fromthe
detection zone and connected to a circuitry so that the |ight sensor can
measure light intensity froma |um nesdent 5 material noving through the
whol e detection zone. These photodetectors may be phot odi odes connected in

paral | el , fpis@xaspl €nidofiaorer ,thdBy tewags baeesshVer phaldrilecorsasef sai d
plurality of photodetectors nmay be disposed to have their respective
det ecti on aPBasCPRIFHl IV BVEPFEREF ngSieN S 1% Tes fondiVitySof Yhe
| i ght sensodiffdtidt $3bdssSetonthimpseleafgbiirt s | Tosehstaot i atdyrdta form
over said detection zone. |In another coaf' uration of the abovg scanner

S p

i
accordi ng t GORHPGEARRD o' 2 HFE | i Y SsEREDY ey ConpfiEH 18%pl ity of
opti cal snavegustiaxiergacbfwane Juinteiadenngmateeidry operable to col | ect

| um nescence light within, said second wavel ength range from a correspondi ng
det ection al8a GPTRFAH SHFHC Bt ebhPor SZBRET THE urHiiery o TR EGuI e
control that responsivity of the 1light sensor is indeed
substantially uniform over the detection 2zone, i.e. is
comprised between authorized limits around an authorized mean
10 value.

A light sensor of a scanner according to the
invention may héve different configurations corresponding to
the above mentioned elongated detection zone and/or
substantially uniform responsivity over said detection zone.

15 The above scanner according to the invention may
thus have:

said light sensor comprising a plurality of

photodetectors disposed  successively along said first
direction, each photodetector being operable to measure an

20 intensity of luminescence light received from a corresponding
detection area within the detection zone, within the second
wavelength range, and deliver a corresponding photodetector
luminescence intensity signal, the set of the corresponding
detection areas covering said detection zone; and

25 said control wunit being operable to determine said
intensity profile from the luminescence intensity signals
delivered by said photodetectors upon reception of
luminescence 1light emitted by said luminescent material
moving across said detection areas along said path in the

30 first direction.
By contrast with a possible case of a “monoblock” 1light
sensor having, for example, a monoblock CCD array for

detecting the collected photons, the above configuration of



entries being disposed successively along said first 20 direction and the
set of the correspondi ng detection areas covering said detection zone. For
exanpl e, wei2ipptsgal wavegui des may be optical fibers. pityerosiensssai d
optical wavegui des may be disposed to have their respective detection areas
partially overlapping so that a responsivity of the 25 light sensor within
sai d second wavel ength range is substantially uniformover said detection
zone. This configuration nmay correspond,sfor exanple, to a |ight sensor
havi ng a conpact CCD sensor array for the capture of photons, by contrast

with a Iight sensor ., havi ng a_npnohl ock d or
exanpl e, « ﬁé &ﬁo?gn?gng??FEﬁSQﬂ%gsdetec ?gﬁggbﬁgug%£§%eggkg?rgg%né
collect i ghatpafcledm b. &or exangpbldedtn daséne$ceptd catho@peguifdes beheg

optical fiberg for collecting Jumdesaenses! Lohl fgMsaN thbeM ARl keghii th a

sensor can measure light intensity from a luminescent

5 material moving through the whole detection zone. These

photodetectors may be photodiodes connected in parallel, for

example. Moreover, any two successive photodetectors of said

plurality of photodetectors may be disposed to have their

respective detection areas partially overlapping so that a

10 responsivity of the 1light sensor within said second

wavelength range is substantially uniform over said detection
zone.

In another configuration of the above scanner

according to the invention, the light sensor may comprise a

15 plurality of optical waveguides, each waveguide having an

entry operable to collect luminescence 1light within said

second wavelength range from a corresponding detection area

within said detection =zone, the plurality of waveguide

entries being disposed successively along said first

20 direction and the set of the corresponding detection areas

covering said detection =zone. For example, said optical

waveguides may be optical fibers. Moreover, said optical

waveguides may be disposed to have their respective detection

areas partially overlapping so that a responsivity of the

25 light sensor within said second wavelength range is

substantially uniform over said detection zone. This

configuration may correspond, for example, to a light sensor

having a compact CCD sensor array for the capture of photons,

by contrast with a light sensor having a monoblock CCD sensor

30 array extended, for example, over the whole length of the

detection zone so as to directly collect light from it. For

example, in case of optical waveguides being optical fibers

for collecting luminescence light from an item marked with a



WO 2012/ 167894PCT/ EP2012/ 002339 14 | um nescent material which is
transported on a conveyor belt, entries of these optical fibers are spaced
(bet ween wbemmiesasyg t he direction of notion and at a di ptampeoiahosss t he

| um nescent marking), and so that their acceptance cones (or 5 nuneri cal
apertures) delimt said partially overlapping areas within the detection
zone. The light sensor may further conprise a focalization
devi ce operable to focalize |um nescenge |ight received fromthe detection
zone. This may help reducing a 10 constraint on the acceptance cones of the

entries of yayemuuides, mg{?%rf"é(f‘rm{i%h _AJSSq,rahggokw@torﬁ%r%\ﬂé%r(?%@ﬂSe

focal i zati on neans operable to focalize excitation Iight on said
i1l um nati opntaries  Phr tihegkartgticndi dfioess i 2460 ofPaftths (RalWedtalthes

excitation éi&q produced. by BEURBkiLY QhalERS 45aR5esked Nngubhe the
excitation light wthin the first wavel ength range. This configuration of

the |ight sbanitesglenswaapkdoeli ngnti gp Bt t BRS¢ oh 3GepRtangeefSNEY t(8%t he

l'um nescent \gRderdAl A2 PELLST d&hAaide sdile pahdihs1fl SPe CUPARIERrcbar
pul sed I'ight sources. 20According to the invention, any of the above
scanners naylfin Héve gerpriser zone.g trigger unit operable to detect that

the | um nescent materi ghei s ﬂ@dﬂ@in thesdd | ugggatigﬁygyé%a ofohpe: dd ghty
source, and deliver a corresponding trigger signal; and 25the control unit
is further &perhirativs damicsl awpEaAbilghttsotRrTRl itze fMINESCERERT dtligdk | i ght

pul se to theLaiNeseat Rl egbabeM i foddie thidimaat hemparr@auepﬁ? a
reception of said trigger signal fromthe trigger unit, and control the
| i ght skhsoforstraidifi r €nt héhient 85sEPYapedf i FoReF t 1 i ITher PRET3$530 %Kas

stopped. Thi;g,oMddlr 3o RALOWS RIES! SEhY VRO S ZdNGnPldMbrAlset he
| um nescent material across the illum nation area of the |ight source and
the detecti §Aczbheatiionh megmisneReggbde to focalize excitation light on

said illumination area. Particularly, said focalization means
may focalize excitation light produced by a plurality of LEDs

15 producing the excitation 1light within the first wavelength
range. This configuration of the 1light source allows
providing high excitation light intensity to the luminescent
material to better “charge” it, and is also convenient for
pulsed light sources.

20 According to the invention, any of the above
scanners may further comprise:

a trigger unit operable to detect that the luminescent
material is within the illumination area of the light source,
and deliver a corresponding trigger signal; and

25 the control unit is further operable to control the light
source to deliver excitation light pulse to the luminescent
material within the illumination area upon reception of said
trigger signal from the trigger unit, and control the light
sensor to acquire the intensity profile after illumination

30 has stopped.

This configuration allows precisely synchronizing motion of
the luminescent material across the illumination area of the

light source and the detection =zone with luminescence



WO 2012/ 167894PCT/ EP2012/ 002339 15 intensity profile acquisition
operations, i.e. illumnation with the light source only while the
| um nescewd 2w0BYrdoal is within the illum nation area, fetlrgresi2oy2339
measur enent of |um nescence intensity with the light sensor after 5
illum nation has stopped, while the |um nescent material crosses the
detection zone of the scanner. A scanner having its |ight sensor conprising
a plurality of photodetectors, as descrijged above, may further be adapted
to synchroni ze notion of the |um nescent material through the 10 detection
zone W th neasurenent operations of .the |um nescent intensi.t
intensity vart&8StEY 1)p,r.°%.l?el (atc)quétségégrduPPsaa h?ﬂ‘/sm‘lrg' t ﬁ(—‘})iluﬁ%n%]gg{):%nt
mat eri al i swathspaei flightoeaticoasomi § hilmi tehethdetlentiinesceohemaEeriakaigl e,
when the |um,nescent, material Is.positigned.w.th respect {o odgt ect or
so 15 thati Wl‘&gilanc%eftﬁﬁéﬁ%f’% etector Férra&%,\ir%uor"r’\edCog eqnﬁ%ansﬁafe?l@gtﬁccissi ve
val ues | (ti quefintheeacgui riedenstiénsi twyitr of ithe coii@spondeansoconseaétey ve
positions of, .the,l um nescent terial Mhi C he e fr Lhe
cor respo%di ﬁ‘étlﬁ%f’%g}é réctq"oars s%%jogg%gt oqi‘hal:,y% rrggglgrru%ﬁg 1T Adi afr?llg}e: ?sa]best
reliable. Mareesves, théadatmmitrion apné ofytHeursicaenegnly sel ect the response
of this very photodetector subjegt, ' LI ﬁgi nce onst i fating
t he intensi %y Sscl‘_’lgﬁlrrfaelr ?nlggslﬁﬁegtequéﬁseﬁl i%éaﬁtgégg%g%é : engat%epﬁﬁl&nie]i%ent
mat eri al i spabtbHeteoremspandidegdrabati apovey tey datrédeirohe28daneed THus,
the inventi a8 50 BeSCAMNCL A Mokt Sndd Bl 1SRRI PTBKA ST ng
a plurali tyggpglﬁgg?%get gg?’é{)g %z;fs escrlll%edé abgv_e, wherei n the'usgggnner
f urt her1@onpletsesian posi¢ i withs gresourepenhbpee BT iansdeferthiend v pesFeiton of
the 'U”‘”e$q%@gn§?{§rgéﬂtﬁgé*yﬂﬁeﬁgﬁgyC%gfﬂag antgzpne, angk 9elirker cuired
correspondi ng posi t1on signal;

only while the luminescent material is at specific locations

within the detection zone. For example, when the luminescent
material is positioned with respect to a photodetector so
15 that irradiance of this photodetector is maximum.
Consequently, successive values I(tji) of the acquired
intensity profile correspond to consecutive positions of the
luminescent material at which the response from the
corresponding photodetector subject to said maximum
20 irradiance is best reliable. Moreover, the control unit may
further only select the response of this very photodetector
subject to a maximum irradiance as constituting the intensity
signal measured by the 1light sensor when the luminescent
material is at the corresponding location in the detection
25 zone.
Thus, the invention also relates to a scanner having its
light sensor comprising a plurality of photodetectors, as
described above, wherein
the scanner further comprises a position sensor operable
30 to determine a position of the luminescent material within

said detection zone and deliver a corresponding position

signal;



WO 2012/ 167894PCT/ EP2012/ 002339 16 the control unit is further operable
to receive a position signal fromsaid position sensor and determ ne said

i nt ensi t ywpnofaiee89nly from consecutive | unm nescence i nPEmEPLY128D13BAI S
correspondi ng to consecutive positions of 5 the |um nescent nmaterial wthin
each of the successive detection areas at which irradiance of the |ight
sensor i s maxi mum According to the invention, in order to
better detect a difference between intersity profiles of |um nescent 10
materials including m xtures of different types of |um nescent particles

(i.e. having difderedhtdecayuhife charasieirst bpsrabBdly & theeakavea
scanners may further have its power source operable to deliver a variable

drive curreRPsitordrihg@adolfrafe et RESEEEPR SRNFVe Y At T dhCaiS? 185 nore
reliable | uphpescance bpbensity gHignal $rod hUssordeeRtdivag toudite Jdeneat i on,
setting the intensity of the excitation |light by nmeans of the drive current
intensity, &RtemBELEMl SIS HEPHISPONFPEade (HEPEFHCATCoROFoRRPRS Ul y
adapted g0 the |i@hinexdhee) matOridpt 4 idet eatbrd bpm pescentedaral 20
is acceptable (i.e. is within the range of reliable operation of the |ight
sensor), al PBURCHR™ DM MhgWhbfle LEFREHARCY UM nERReAdBRFnEERSPEI é§ and
havi ng the gagen@xcitation tinme for each |um nescence intensity profile.
The | um nescence intensity value may be judged acceptabl e by the control
unit 25 if it is withi ACECERVh FandgdSof 1MFHHEScende PRERRSIFPY RAAYREs. For

exanpl e, indEE@c@bQV&ﬁﬂﬁ@ﬂéﬁ@@eQeﬁﬁégnQinﬁéﬂﬁﬂips%hﬂQEléﬁXéﬂrfﬁmiﬂescent
| um nescent pignments P1 and P2, cha_r}g@ng the flux of excitation light for a
sane exkltafpbpridhe (iirelueéhatgi M6 rEsly Phe rddfecenve i FYRAH natdfon

intensities)ghihdsdt t Rardecayscuryee of Rlviand berrtbhendecascLur e P2)
all ows discrimnating, or better discrimnating, between the different
concent r at i 6RETF VAT YECEA - t RBYnGE MRz 88OFR ofFRBReISARay further have

2012/167894EQE/E58@42/QQ£§%% operable to deliver a variable drive

current, or drive voltage to the light source so as to obtain
15 more reliable luminescence intensity signals. Thus, according
to the invention, setting the intensity of the excitation
light by means of the drive current intensity, or the value
of the drive voltage (depending on power supply adapted to
the light source), so that the detected luminescence signal
20 is acceptable (i.e. is within the range of reliable operation
of the light sensor), allows both obtaining more reliable
luminescence intensities and having the same excitation time
for each luminescence intensity profile. The luminescence
intensity value may be judged acceptable by the control unit
25 if it 4is within a given range of luminescence intensity
values.
For example, in the above mentioned case of two distinct
mixtures of luminescent pigments Pl and P2, changing the flux
of excitation light for a same excitation time (i.e. changing
30 only the respective illumination intensities at ty for the
decay curve of Pl and for the decay curve of P2) allows
discriminating, or better discriminating, between the

different concentrations directly on the normalized profiles



17 for these mxtures. This is illustrated on Fig.2A and 2B. Fig.2A shows a
| um nescence intensity profile for the above nentioned m xture of 50% of

pi gnent s wWé 2081he2$3% of pi gnments P2, for a constant exci patigpbokionssé nt er val
of 100 us. Fig.2A 5is in fact identical to Fig.1lA Fig.2B shows a

| um nescence intensity profile for the above nentioned m xture of 42% of

pi gnents P1 and 58% of pignments P2, for the sane constant excitation tinme
interval of 100 ps, but intensity of thfi: illum nating excitation |ight has
been 10 changed conpared with the case o? Fig.2A. A difference between the

normal i zed decay .curves, in Fig.2A and, Fi B s now clearly,yisible;.for
exanpl e, t h&oFnteSEtM BTSNt Betneth ?H§Uﬁ%¥%€r<¥vz8a i%rﬁtgé%)éi & rotil e
(P1+P2) andrtihe2ioshaest al luimiteso&nes phntkmgi tyo pivef idredi frat ethaal aleood 0. 2

15 has an absci ssa vyal f ab 80 . Fig. b
Fo oA Thudeng et Re Tt at?bnoT | BT ar) 15 S04 o P aPrnants Pe o

di scri m nat ipng Hbxt ar esnofadturdxedsaendn patne clressrvedenfi L00hpse Pag i3kl es
have widely .differing decay tinmes._ Accardingly, the invention relates to 20
a scannet WH&r é?n*Eath . eéﬁ%écﬁé\r;g? E:b%'ﬁ%e' is further operable to deliver a
vari abl e dririg.2Br seatson dumieevoétageintensity gawafilieghftors direc eabave
further operable to.produce said citati J i I OF ensi rying
accordi ng tgepkéoﬁ%d dréjr}f'%/ueﬁeedoa%r?%e( J():%réle%{?erloérggér% \\I/\éérlic\p/o tagg% gﬁ#és/%%/sg
control uni ®2j stéburthersoperaistant esnitatizaitdnepdwseryalres PO the drive

luninescenc%u§0i%%gkg§§§eggetkgnHQ§38§H§€Hng excitation light has been
10 changed compared with the case of Fig.2A. A difference
between the normalized decay curves in Fig.2A and Fig.2B is
now clearly visible: for example, the intersection point
between the normalized intensity profile (P1+P2) and the
horizontal line corresponding to the ordinate value of 0.2
15 has an abscissa value of about 280 ps on Fig.2B and only
about 250 pus on Fig.2A. Thus, varying the excitation 1light
intensity clearly allows discriminating mixtures of
luminescent particles, even if these particles have widely
differing decay times. Accordingly, the invention relates to
20 a scanner wherein:
said power source is further operable to deliver a
variable drive current or drive voltage;
said light source is further operable to produce said
excitation light with an intensity varying according to the
25 delivered drive current or drive voltage; and
said control unit is further operable to control said
power source to set a value of the drive current, or a value
of the drive voltage, delivered to the light source so that a
luminescence intensity value corresponding to a delivered
30 luminescence intensity signal 4is within a given range of
luminescence intensity values.
For example, the luminescence intensity value may be above a

detection threshold of the 1light sensor, and below a



For exanple, to set a value of the drive current, or a val ue voltage,
delivered to the |light source so that a intensity value corresponding to a
del i ver edwonbensigoy signal is within a given range of i ptenpeéigovsbaes. the
| um nescence intensity value my be above a WO

2012/ 167894PCT/ EP2012/ 002339 18 saturation threshold of the |ight sensor,
i.e. within a reliable detection range of the light sensor. The range of

| um nescence intensity values may al so &hsure that a signal to noise ratio
of neasured | um nescence intensity is above a 5 threshold val ue and/or the
| i ght sensonsadoestirmt satrashded durfi ngheorYisgpondengoneasukerent tlojxer &t i on.
For exanpl e ge en t he neasure vel | ym nescepge intensit

det ect ed by’r’te gkl)l gh t_Seecﬂtsloorn at®the @ eﬁdltg? tlﬁgLI | IPGnT A&t i gﬁecfc?lnge t%fy
control uni flumbyesckapte the:einm@;ry5|vca3luleevmiayofaltsbe efGuercithati @n $iqletl

delivered b the I ght source d’yl rllrg_ t he dr|ve current | dr|ve
n01 ra%}P o mea ured “lu Fﬁe?c ntensi ve
vol t age) del Pvérag power sour ce, a runines ence g n ensi ty

signal deli \thlreslha:tdt helbegmmnll/ng afhet hblq;rnt ensn$yr meassr enent scyctaecd i .

just after the end mnatlon the ght aurce) 1 corres ndsto
an intensi ty vaP%e cg rC)Iéees dtlﬁg 55?8¥% ?%enn esr ltﬂlf)ﬁe Iég’ﬁt SEn glr " but
still bel owdegeddsrg uoat |td1e | egebured tllelvslcas‘ia lumenemaeedlmaémmst;are

hghly rell 3hecand dataextiaet ed Lrom Lhech 0t engl Ly Brol k| pagre, ote

accurate reover, Sensor ve i fs Ion
t hreshol d argcdat uthé i ocmtzmlestmltd juz:e ) wsia@tul ¢heandtéheigontewdl ui tthemy

furtherjrge QRer bj:e toliag PSE‘S? vaI u IIi;\%sellg rtestgqulr%% ‘E)hl sva ¥lr}3€{
particu arIy ‘it erest i Ng e 'ig Sengor Yan’ 0
val ue of anthe drive current (or drlve voltage) dellvered by the power

source, so that a luminescence intensity signal delivered at
the beginning of the intensity measurement cycle (i.e. just
after the end of illumination by the 1light source)

15 corresponds to an intensity value close to the saturation
level of the light sensor, but still below said saturation
level: in this case, the measured values are highly reliable
and data extracted from the intensity profile are more
accurate.

20 Moreover, the 1light sensor may further have its detection
threshold and saturation threshold adjustable, and the
control unit may further be operable to adjust a wvalue of
these thresholds. This 1is particularly interesting for
detecting with the 1light sensor an offset wvalue of an

25 intensity signal <corresponding to illumination of the
luminescent material only with an ambient light (i.e. without
illumination by means of the light source) to be subtracted
from the intensity signals <constituting the intensity
profile, for eliminating any perturbation corresponding to

30 said ambient light: in case the offset value is out of the
detection range of the light sensor, the control unit may
further adjust the detection range so that the offset wvalue

is within the modified detection range. Consequently, the



25 intensity signal corresponding to illumnation of the |um nescent
material only wth an anbient light (i.e. without illum nation by neans of
the |ightweaurxsyssuo be subtracted fromthe intensity sipgmalpsoic@osss t uting
the intensity profile, for elimnating any perturbation corresponding to 30
said anbient light: in case the offset value is out of the detection range
of the Iight sensor, the control unit may further adjust the detection
range so that the offset value is withimgthe nodified detection range.
Consequently, the WO 2012/167894PCT/ EP2012/ 002339 19 val ues of

| um nescence  hQLENET YuhPndSdRASUREnRY thheol behhegsisod Ky OrKONSigrtit €
the | um nescence intensity profile) in presence of said anbient, |ight wll

lie within sendorodtPi EANEEE BEES o aHyd NERNE8apPERNPHEY HBT LB | ¥

actual 5 copdi:kbRRs 6f SRESUARSEM: B\ iWiltheikumiikasaeseed| avelfiad | ow,
and the resulting | um nescence intensity profile will be npre reliable.

According t GeFREEEAVentPBAS t fEePi giidaBbEFce Yy TRt t h8PH perdbtEt o
deliver 4ighinaveiord &fljHedabldnch},exciehatiifornki MRmi REetyade Barekll hiss

control unit may further be operable to contro] said.|ight sour ce set
the excitatil6H:t PRE FRE eFSHLtHPud UMLACEGRRC] e i5itSandi g’§°5f’ ?h‘@l]dllt' iQR/ee
current (or pdrkveevoipege) of the light source is at its maxinmum it is
nevert hel ess possible to still increase.the . ,
According to the invention, the light source may
further be operable to deliver 1light over an adjustable
10 excitation time interval, and the control unit may further be
operable to control said light source to set the excitation
time interval. Thus, in case the intensity of the drive
current (or drive voltage) of the 1light source is at its
maximum, it is nevertheless possible to still increase the
15 charge of the luminescent material by increasing the
excitation time.
Also, in the scanner according to the invention, the control
unit may further be operable to control the light sensor to
measure an intensity of the luminescence light- with a time
20 delay after the excitation time interval has elapsed.
Moreover, the control unit may further be operable to set
said time delay. Thus, it is possible to better discriminate
luminescent materials having very different decay time
characteristics. If necessary, the excitation time interval
25 and/or the time delay after the end of illumination may thus
be further set to achieve the above goal of obtaining a
luminescence intensity value at the beginning of the
intensity measurement cycle being close to the saturation
level.
30 The invention further relates to a scanner as
decribed above, wherein said control unit is further operable

to determine a decay time value of the luminescent material

from said determined intensity profile. Many techniques are



15 charge of the lum nescent material by increasing the excitation tine.

Al 'so, in the scanner according to the invention, the control unit my
further bwoapermidoe to control the |light sensor to neasece/Eeronntsssity of
the lum nescence light with a tine 20 delay after the excitation tine
interval has el apsed. Moreover, the control unit may further be operable to
set said tine delay. Thus, it is possible to better discrimnate

| um nescent materials having very diffexent decay time characteristics. |f
necessary, the excitation tine interval 25 and/or the tine delay after the

end of illumRaaties reme thus ke feEber $8h tQirRGNL@YRgt he abeye gqak of
obtaining a | um nescence intensity value at the beginning of the intensity

measur enent Ve&ykg €198 4§ EPBRRS iy tf@tddfuration | evel . 30The invention
further relates to a scanner as decribed above, wherein said control unit
is further operable to determne a decag time value of the | um nescent
material from said det®R¥i REE it ebR% t PLRYRf FFRNNMEHy 2EERFM RlesCar®e WO

2012/ 16 #3894 P4 EARL 27002338, 20 1 kBowsod trdiheusiki | | &b tpRES08pé pApxal @l ating
a decay tinme value froman intensity profile. Any one of the above scanners
accor di ng t 8uEBRNE Gatge fELEN L HBYNASRRN e teghelt ol nuRREe f ERY MRt TFEMS e to

aut henti cat engaighdum peseent nat @i al oien case t hendaterghped hadansity
profile I(t) of the |lum nescent material corresponds to a given reference
| uni nescencEPFRRIASy fPof Bl e IEVEQt ) TETEFS n LAMABRBEGNEF t Mt ToHittol

unit, said profile I er(t) stored in a memory of the control unit, said
10 reference luminescence intensity profile being a luminescence
intensity profile of a reference luminescent material. Thus,
curve shapes are used as authenticating features, rather than

mere intensity values of individual measurements.
For example, in order to have an even more reliable
15 comparison of the intensity profiles I(t) and I..(t), each
intensity profile may be first normalized, and the normalized
profiles are then compared. This normalization has the effect
that the comparison becomes model-free and also largely
independent of possible intensity deviations due to aging,
20 alterations or dirtiness of the luminescent material marking
considered. For example, both luminescence intensity profiles
I(t) and I,er(t) are put to scale, such that the highest
values of both ©profiles coincide: if +the respectively
resulting normalized profiles f(t) and I ee(t) match within a
25 given tolerance, then the luminescent material is considered
as corresponding to the reference luminescent material (i.e.

is genuine).

The invention also relates to a scanner having
its control unit operable to determine a decay time value of
30 the luminescent material from the determined intensity
profile (see above), wherein said control unit is further
operable to authenticate said luminescent material in case

the decay time value of the luminescent material determined



10 reference | um nescence intensity profile being a |um nescence intensity
profile of a reference |lum nescent material. Thus, curve shapes are used as
aut hent i ombi2og/feedtsur es, rather than nere intensity val wes/spboiznoizge dual
measurenents. For exanple, in order to have an even nore reliable 15
conparison of the intensity profiles I(t) and Iref(t), each intensity
profile may be first normalized, and the normalized profiles are then
conpared. This normalization has the eff,gct that the conparison becones
nodel -free and al so | argely i ndependent of possible intensity deviations

due to agin 20 al.terations _or_dirtiness of the_|um ne I
mar ki ng congqr%‘r és(i‘.lddetchﬁhij e?r%%% Y |%?ﬁr§§§88§89%?n?e%§?’?b g?g%&%ﬁéﬂ (1)
and Iref(t) cecayptitimtovshad estseeh inhat meherhi gheshe aintewlotinhst hspidfi | es

coincide: if the respectively.resulting n [ rafd | gs dddly apédy
iref(t) mat crr?f%irfeﬁf:ﬁ adcefgygi %//lenrlletglat'eLPgncce? r{%(lgr?%tg ggl Scfrﬁ ngscent Yrterial is
consi der ed aslwer rofs ponck fgrareet Harriekecentenptigrhekcefeor nakerpbe, (Fhe. is

genui ne) ; The LaYgntion ahse relAl sl 41a 30300ely NAYAY §dfiukPNhlfbnni {
operabl e”to dEterni né a dec%y i'me val ue of 30 the |um nescent nateri al
fromthe detwdithiineck i pieasi tprpiof idfe §sw :abbveraseharfei patetinoontrdl

uni t 1S Turthen .0nerabl 6. tg quihent i cabesaidy! Wi neseRgt JEkARkal bRe case
the decay ti'me value of e Tum nescent material determined WO
2012/ 167894 RCThER2O¢2E DOP 3G0e Pt Farormasai din neddstign pkoef Fhe E€6FPasHIMRIs to

a given ref grence degay.d i mhyal e stared b8-2 MmNy Qfailig, CORLEShe N t,

sai d reference g‘ecay tinme value corresponding to a decay tine value of a
ref erent@ | wenpeseenta napepdblsorFopfexdmpl Beagneed ddit r ANUnFELRR§NERst i f

these decay i mg,val les 7oichro 'iflg:gn @n@l QR @8I P nQf LIdPrstddecase of

mat chi ng, the 1um nescent material is considered as being genuine. The

aut hent i cat ithe cismcayi of e ¢oPtEdi tyoit o A Ao af P &RHAT I détfer # ned
and referencgydesayal i MBndH M&DishkUEt NBktracted from these intensity

profile curves, such as respective concentrations in
15 luminescent particles within the luminescent material and the

reference luminescent material, as known in the art.

Another aspect of the invention relates to a
method for determining an intensity profile of luminescence
20 light from a luminescent material moving past a scanner
according to the invention along a path in a first direction,
said luminescent material emitting said luminescence 1light
within a second wavelength range upon illumination with an
excitation light within a first wavelength range, said method

25 comprising the steps of:
illuminating the luminescent material moving past the
scanner in the first direction, as it crosses the
illumination area of the scanner, with an excitation 1light
within the first wavelength range by means of the 1light

30 source of the scanner;

as the luminescent material, after having been
illuminated with the excitation light, still moves in the

first direction and enters the detection =zone of said



10 conprise a conparison of the nmeasured 1(t) and reference Iref(t)
intensity profiles (the latter being also stored in the nenory of the
control uwnotp12/@mgdsor a conpari son of an additional charesiEPReRndIZ39
extracted fromthese intensity profile curves, such as respective
concentrations in 15 | um nescent particles within the |um nescent materi al
and the reference |um nescent material, as known in the art.

Anot her aspect of the invention relatepzo a nethod for determ ning an
intensity profile of [um nescence 20 |ight froma |um nescent materi al

MOV Ng pasts@a it INflead3bEPhE 89 104 dyN¥ENILANLBLOR%S PRI IdhidtEUr St
direction, said |umnescent material em'tting said | um nescence |ight

wi thin a seevnéahdyelBHFEE ceaRganabssial| [vidihiat | Bie wisekoafl escialerigsh | i ght

within a fifpgloaeyel RNoIH £R88Ses SEhd FBLOOD D L1 REahdie o8t @RS 40T :
illumnating the lum nescent material noving past the scanner in the first

direction, Bkoht ©eps8Es taid | PRLURY PakNDN2ar @ ISPORE 188 anHEri neFaeRCsNn

excitatison jgdis W Riignkhecdifmd Raebengh iy ranas by carass; of the Iight 30
source of the scanner; "ast hel um nescentmateri al, afterhavi ngbeen ill um nat ed

with the excit&9termingne, agti irtersidy j prefiele i £semdithect oM nafFedseer s
the detecti o £0NnG Pfsi5ALE MQ AL L6 (RRAEEHY F2Q14002339 22 scanner,

measuring an intensity of |um nescence Iight emtted by said | um nescent
material within the second wavel ength range while it crosses the detection

zone by nmeans of said bhght;$e0sOfon and sdel k¥eat8Y a £Ord eSRAMYAY for
| um nescence 5 intensity signal to the control unit of the scanner;

det er il ngdake e tan phorensd tr GRofRd el aRPnSsterten I ntefiSicRy SilgRal
received byotheurOUdAnddNiiight from a luminescent material moving past

a scanner according to the invention (as described above)
along a path in a first direction, said luminescent material
emitting said luminescence light within a second wavelength
15 range upon illumination with an excitation light within a
first wavelength range, said method comprising the steps of:
illuminating the luminescent material moving past the
scanner in the first direction, as it crosses the
illumination area of the scanner, with an excitation light
20 within the first wavelength range by means of the 1light
source of the scanner;
as the luminescent material, after having been
illuminated with the excitation 1light, still moves in the
first direction and enters the detection zone of said
25 scanner, measuring an intensity of luminescence light emitted
by said luminescent material within the second wavelength
range while it crosses the detection zone by means of said
light sensor, and delivering a corresponding luminescence
intensity signal to the control unit of the scanner;
30 determining an intensity profile from the luminescence
intensity signal received by the control unit; and
determining a decay time value of the luminescent

material from said determined intensity profile.



The invention also relates to a nethod for 10 determning an intensity
profile and detecting a decay tinme of |um nescence light froma | um nescent
mat eri al woworgiep®dst a scanner according to the inventi eaT(esodessse bed
above) along a path in a first direction, said |umnescent materi al
emtting said | um nescence light wthin a second wavel ength 15 range upon
illumnation with an excitation light within a first wavel ength range, said
nmet hod conprising the steps of: il bym nating the |um nescent nmateri al
novi ng past the scanner in the first direction, as it crosses the
illumnation area of the scanﬁgrt W th an_exci tgti on i htedZOS(\)Ni Lthip the

first wavel 8§t FOPERGE BYiTre8hs tBR SRETPFHNFE%obF B 3P THES cHhneT ;
ast hel um nescertitantidrd abbat& ersthaei ngf bage | hévmdakedowitngt ke exbét ati on

light, still, noves in the first direction and enter he detecti ne of
said 25 scaﬁﬁ’éf?f‘th‘é%’suh‘%ga i n{"%%}é(i) y"'o 1d’rcngﬁeer'sc%?f%erellsl%ghaf ge\lfn té by
sai d | um nesoantobRiey i ahawi &hiresphes seciondofaveeedduht r aageonhiwlighin

crosses the detection zone b ans_of., said _li nsar., d i ing a
corr espondi gl GRFR% cweaﬁ'ceée’ln Pgﬁg???/e s%sg%ﬁ%sttgg? 3§§%§ﬁloﬁoarﬁlnioggc%f ytﬁ%e
scanner; 30deternion ngoran amteresistopnpeot | Ferf examplw |ulnei westenteunhtensity

signal receiyed by e conlrel Wids a0 1ign: I8LALSE NLBGoandRraY, LLle
val ue of t h&Wuri'He8EEn“IEEEri al T+ om sal d°det 8rnm ned | nt ensi ty profile.
WO 2012/ 167 30APET s &PARD2380n281 Ted kignittsokrannd af autdordaadereany be
pr ogr ammed 39,88 to execute t he above steps of the nethod according to the
i nvention. THe above met hod may further conprise a step on controlling that
a respoh8i vilny oésé¢heof i ght ssenser viadvinging to the invention which

comprises a power source operable to deliver a variable drive
current or drive voltage to the light source, as mentioned
above, the method according to the invention may further
comprise the steps of:

15 (a) setting a value of the drive current, or a value of
the drive voltage, delivered by the power source;

(b) illuminating the luminescent material during said
excitation time interval with the light source powered with
said value of drive current or drive voltage;

20 (c) measuring a corresponding value of the intensity of
the luminescence light from the luminescent material with the
light sensor after said excitation time interval;

(d) judging whether said measured value of the intensity
of the luminescence light is acceptable, i.e. is within a

25 given range of luminescence intensity values, and

if it is acceptable,

(e) storing the measured value in a memory of the control
unit as a corresponding point of said intensity profile; and

(f) performing steps (c) and (e) successively until

30 completion of said intensity profile over the measuring time
interval;

or, if it is not acceptable,



5 the second wavel ength range is substantially uniformover the detection
zone of the scanner. For exanple, the control unit may further control
the |i ghtweensmrc7gsesponsi vity is conprised bet ween aut hecirawdoikionisss ar ound
an aut horized nmean value. 10 In case of a scanner according to the

i nvention which conprises a power source operable to deliver a variable
drive current or drive voltage to the |ight source,
met hod according to the invention may fawther conprise the steps of:

setting a value of the drive current, or a value of the drive voltage,
del i vered by thg;povRS: ;$QUILEodified( Rhibk! UH Rakl RG ithe dprtpescept 5

mat eri al

with said vaPdefigd dfdhpe ff reir ik i veltagerageliverey R¥adhe mpwer

correspondi pg, ¥al ug: oft dhedntansi id ffi nhRenb UPhDE$GRIGEs ddithind dedali Ne

| um nescent material wth the light sensor after said excitation tinme
~at step ((h) jwidgdl g awetdhér soairgenpaveredl vhtuesdid thrdiifieensi ty
of the lum peseencs | ight H:?i@é;cecm_ﬁ?lrﬁ’ bre alSeM tRRage 25 ShyenHeange of

i nterval

| um nescence I ntensity val ues, and

as menti oned above,

t hat

t he.

15(a)

during said excitation tinme interval wwth the |ight source powered

it 1s acceptable, (e) storing

t he measur eBevEPEelngm sgeREnbEY ¥F the @dAtrol unit as a correspondi ng point

of sai d,intensigm PrebblRinBYg a decay(fimRer Q1ML NG ShEPSaf8) A e)
successi vel y un

i1 30 conpletion of said intensity profile over the

measuring tiReenpiter waofide, if it is not acceptable, WO

2012/ 167894BCT{ ER204RL 092339524

of :@it3etbhnd i1anodiyf i gdayal ue et he

drive current, or a nodified value of the drive voltage, delivered by the
power sdurcerave seeprg) Ahdiiveuriod&esag (EAReNGM hedt eftighatBIPAY dtS st ep

(b) with theshighicSOULGE POMET eﬁlc_wtt hssaikde Mdidd €dnat the detected

15

20

25

30

luminescence signal is acceptable, allows measuring reliable
intensity profiles corresponding to signals obtained in the
same illumination conditions (i.e. with the same excitation
time). Thus, the above method particularly allows a much
better discrimination between luminescent materials including
mixtures of luminescent particles having distinct decay time
characteristics and which differ only by their respective
concentrations in said particles.

At step (h), the stored intensity profile may further be
normalized and the decay time value is then determined £from
the normalized intensity profile. This normalization allows
better accuracy of the determined decay time values.

The above method, with said control unit of the scanner being
further operable to adjust a value of said detection
threshold and saturation threshold, may also comprise: a
preliminary step of acquiring an initial intensity signal
from the light sensor, without illuminating the luminescent
material with the 1light source, to obtain a corresponding
offset value corresponding to an ambient light; and, in case
said initial intensity signal is out of said detection range
of the light sensor, modifying the detection range by a step

of adjusting said detection threshold value, or said



5 value of the drive current or drive voltage, and then perform ng steps
(c) to (f); and (h) determning a decay tinme value fromsaid stored

i nt ensi t ywpnrofyieesosSetting the intensity of excitation lpcghp2dxg/oomsans of
the 10 drive current or drive voltage (depending on which supply is
convenient for the light source), so that the detected | um nescence signa
is acceptable, allows neasuring reliable intensity profiles correspondi ng
to signals obtained in the sane iIIunin?%ion conditions (i.e. with the sane
excitation 15 tinme). Thus, the above method particularly allows a nmuch

better discrimnation bet ween escent als |ncl i Ng.NLx
| um nescent SF&MERELRR ﬁﬁﬁ?ﬁﬁoﬁ?sWFEB?’d€8agqﬁﬁhe Yhr &2 erlgtfgg é%%@
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decay tine V&'ue ¥ W& tor mali zed 1 ntensity profile.
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val ues. The above th d, w.th_ said control f 25
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threshol d valigns$Py Q&Efl %%A&'éor@'esgaagpsﬁé tdecydM3hel $atlithun bl

modi fi ed det'ecti subtracting said of set val ue
fromthe | umedeseerice thﬂﬁt eheininessiegval Ligdlt vetidd-agy Rhethe ghtméeasesnt o

obtain said 5. nea gyred vl de e |n5@3§£5%?(ﬁ de | yahngscenee | ighnt,
and, in case the efectlon range has been nodified, at step
measurements are further increased.

15 In a variant of the method according to the
invention, wherein the 1light source is operable to deliver
light over an adjustable excitation time interval, and the
control unit is further operable to control the light source
to set the excitation time interval, in case at step (d) a

20 measured value of the intensity of the luminescence light is
not acceptable and the corresponding value of the drive
current, or the corresponding value of the drive voltage, is
below a first threshold value, then step (g) includes a
preliminary step of decreasing said excitation time interval,

25 or, in case at step (d) a measured value of the luminescence
light is not acceptable and the corresponding value of the
intensity of the drive current, or the corresponding value of
the drive voltage, is above a second threshold value, then
step (g) includes a preliminary step of increasing said

30 excitation time interval. Thus, even if the drive current, or
the drive voltage, is too low (i.e. below said first
threshold value), or too high (i.e. above said second

threshold value), it is possible to try to have an acceptable



(d), using said nodified detection range as the detection range of the

| i ght sensor. Thus, a possible contribution of an anbient light to

| um nescewoeolyghdosdet ected by the |ight 10 sensor is tlrem/pPeomwens3and t he
obt ai ned | um nescence intensity profile and correspondi ng decay tine val ue
uniquely relate to the |um nescent light emtted by the | um nescent

mat eri al. Consequently, accuracy and reliability of neasurenents are
further increased. 15In a variant of th& nethod according to the invention,
wherein the light source is operable to deliver |ight over an adjustable
excitation fumenésdearceal ,siagrhlt hebgonttghstuimdg | sheur thweritapepabl e it

contr ol the.|LgP‘;aISOUfce.tO et the leDcitation ti({[{ i nterval n case at

step (d) a 2B RELRUr ed” vET LB PRESY neents?tﬁlnco]fu e 1 'l e 1(E:eeinlcmeir}alr(j’ht is

not accept abtepand tdeetdopr edporniaigardbue ldghthe(ichdependant ént oforartyhe

correspondi n alue of the drive voltage, is . belaow.a fir t hreshpl.d val ue,
then step (S?“gh%‘r%“de%“ zathﬁrelrrl%eng?]f/r%%ép %t & éec(raéégfan‘éogg? ’exacrllcfattq‘ieon
time int%ervakas@bedrluniinesasecatsistreyd )(.d) a neasured val ue of the

l'um nescence light is ot gcceptanl e At haecc%‘%%“%ﬁpoc%d't“n“e V?rlnl('l%m?j];?r;[,he
intensity of the drive current, or the correspondirng val ue o e dri've
vol t age, i1 saédberepa Gaconibn htieshbéidswvabuéntt lo€n the intensity profile
corresponding to the value of the drive current, or the wvalue
of the drive voltage, set at step (a), said measuring of the
10 intensity of the luminescence light may be carried out with a
time delay after said excitation time interval has elapsed.

Also, the control unit may further set this time delay.

With a scanner according to the invention having

15 its control unit further operable to authenticate the
luminescent material based on a decay time value determined
from the emitted luminescence light, the above method for
determining an intensity profile may comprise a further step

of authenticating said luminescent material in case the decay

20 time value of the luminescent material determined from said
intensity profile corresponds to the given reference decay
time wvalue stored in the memory of the control unit of the
scanner. For example, if the measured decay time value
substantially matches the reference decay time value, the

25 item is considered as being genuine.

With a scanner according to the invention having
its control wunit further operable +to authenticate the
luminescent material based on a comparison of a determined

30 intensity profile with a reference intensity profile, as
described above, the above method according to the invention

comprises the further step of:



step (g) includes a prelimnary step of increasing said 30 excitation tine
interval. Thus, even if the drive current, or the drive voltage, is too | ow
(i.e. belwoweid7doisr st threshol d val ue), or too high (i per/Erboresosas d
second threshold value), it is possible to try to have an acceptable WO
2012/ 167894PCT/ EP2012/ 002339 26 | um nescence signal by adjusting the
excitation time interval. It is also possible to include a nere prelimnary
step of setting the excitation |light (independently of any condition on the
drive current, or the drive voltage, and the 5 neasured | um nescence

signal ). athentiddtiRe ahoe TEINNb-aseor fhperia the | Buealione al
step (c), for t he r13|rst point of the intensity profile corresponding to the
val ue of thelegryvéivar vehte of the warieesgenthdaderielyoersgringdt T5P™ st ep

(a), said measuriAge9l; {16 Akl ensirk¥pOhad e | 4G nescergerkhgbt asdyy be
carried out with a tinme delay after said excitation tinme interval has
el apsed. Al ¢dmet Healoont soPremi oy MeReREr et thei sontrel detdyr Witla

scanner §CC%@EEEn&9 tfeRalyNVenid ORaha¥i N ke sbbadcaRt @  anidedayr t befie
operable to authenticate the |um nescent material based on a decay tine

val ue det er ieptd 9Ff oin tfETANCEt dUNLDAT PR IREETERYNt, the above method for
determning an intensity profile may conprise a further step of
aut henticating said |um nescent material in case the decay 20 ti %1al ue of

e
the | uminescent materi din@etdy mitsd FPGRRSEND THEETS t §° pPofTYHE <Cor t ¥5ponds

to the giveReietRis Secaycdrise W alrgei & 06 £d1umi e efeaolyght £hem contr ol
unit of the scanner. For exanple, if the nmeasured deca%/ ti%g. val ue an
FEPTHE NG &1 i &Y

subst ant? al IpmiBeEReRt t RRteEFdr ARE BRI, | reSTAME
consi dered g% bgid0a96¥eli B8riants according to the invention, along a

path in a first direction on a production/distribution line,
said luminescent material emitting said luminescence light
within a second wavelength range upon illumination with an
15 excitation light within a first wavelength range delivered by
the light source of said scanner, said scanner being mounted
on said production/distribution line, wherein the control
unit of said scanner is programmable and includes a program
which, when running on said control unit, makes the control
20 unit operable to implement the steps of the above
corresponding method for determining an intensity profile

according to the invention.

The present invention will be described more

25 fully hereinafter with reference to the accompanying drawings
in which like numerals represent like elements throughout the
different figures, and in which prominent aspects and

features of the invention are illustrated.

30 BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1A-1B respectively show normalized decay

curves from a conventional scanner with excitation time



Wth a scanner according to the invention having its control unit further
operable to authenticate the |um nescent material based on a conpari son of
a determwedodeshgdtiensity profile with a reference intepgiripp20r0iisbe, as
descri bed above, the above nethod according to the invention conprises the
further step of: WO 2012/167894PCT/ EP2012/ 002339 27 aut henti cating
said lum nescent material in case the decay tine value of the |um nescent
material determined fromsaid intensitygrofile corresponds to a given
reference decay tine value stored in a nenory of the control unit, said 5

reference dgggyidd,MaN@l UegRer esReREi H9 LRrdedeCayrt itiR VAl &fceht
reference | um nescent material. Finally, the invention rel ates

to a systenM&rrifdiSer m $RGFGSRRANPARBNsI (59 pr N XEF | ufifhesc B9 ght from

a 10 | um neggetdnt@lt8bhal iADYLRENESSEnE SHRNPEINAREOH NGhd PAamawing he
above variants according to the invention, along a path in a first

di rection oftatMTGdFCCREnF HrRtFHIRRGEER1PERES . sai d | umi nescent materi al

enm tting said | um nescppgezdiaht Mddictiges§COBHWAY RS ERGL N dcBNTR dHION
illumnpnation with an 15 excitation light within a first wavel ength range
del i ver ed b§UfYRS | ifFRE sHUrt@NOeTs af e LedHifer Losafke sdaYRBFI BRI ng'fdunt ed

on sai d prodygst oy degbitdidOnchihde pyvhenebisithe pestind, uahl ofigai d
scanner is progranmmabl e and i ncludes a program whi ch, when runni ng on said
control uni EXCHEKELT heCWOifSrol BF unfhe opkFabl URenEHTA Hrefattiel Skeps of

the above cepresfiidiing vt bRdl dhMe dRKRLELDI A9 Adr IMENAl hyapi®file
according to the invention. The present invention wi|ll be described nore 25

fully einafter withFi8fdréfce tENERBLLEcOMPARTYIHG O &4 My PREWRLh 1 ke

nuneral s repigsends ld keaghereatsotdimuabouhet hevatidigrent figures, and in
whi ch prom nent aspects and features of the invention are illustrated. 30
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light source of the scanner of Fig.3.
Fig.5 illustrates a responsivity curve of one of
15 the photosensors in the light sensor of the scanner of Fig.3.
Fig.6 illustrates a responsivity curve of the
light sensor of the scanner of Fig.3.
Fig.7 illustrates an electrical circuit scheme of
a scanner according to the invention.
20

DETAILED DESCRIPTION

Operation of a scanner for detecting decay time
characteristics of a luminescent material according to an
example of an embodiment of the invention is illustrated with

25 Fig.3-9. The scanner (1) is mounted on a production 1line:
items marked with a luminescent material (7) emitting in the
near infrared (NIR), when excited with light within a shorter
wavelength range (i.e. said first wavelength range), are
transported on a conveyor belt (2) of the production line at

30 a typical speed V through the illumination area and the
detection zone of the scanner. As an example, this speed may

be V ~ 6 ms™.



28 setting, and |light excitation curves, for two |um nescent materials
corresponding to mxtures of different concentrations in |umnescent ink
pi gment s W 2anicRd4havi ng di stinct decay tinme charact er ipgtriEp30120613g9 2A- 2B
respectively show normalized decay curves froma scanner according to the
invention, wth constant excitation time by intensity profile, and |ight
excitation curves, for the two | um nescent nmaterials corresponding to the

same mixtures as for Fig.lA and 1B. 10F5?. 3 is a schematic illustration of
an optical block of a scanner according to the invention.
Fig.4 illustrates an illum natio of _a

_ cl i ght sourc f the sganner of
Fig.3. Fig.5 illustrat gdea W FEsi RIS, cut VEL%f Soheof i‘%s)t h{eseﬁho?cosensors
in the |ightigeBsoeodbpridwes scahnght ofoliae 3(3)Fiand al Light atessa (5) .
responsivity curve of the |lig sensofr _of the scanner of Fig. .

Fig.7 ill us%Pﬁt dd9Rh SVUHS CQ{) crFEuPE s & énfxc?%pggécfnngégag UG to

t he i nventi @dth20a DwBAlelERgDESCRI PHe@X emission Ap Wwigriat i heof fdrstcanner

for detecting decay time characteristics. of i nesgen eL)

accor di n% péﬁ’gé{ﬁf%&%%lléanoqfe’a oéfn‘t?oé"lerr}!éﬁ l%fw e!ell{"l r#gln?\l"o%n{qggi %'{)%%sﬁaa]i ed
vmtE d25 Fi paBafidfheatscadmest (e imanmailt edign gupreducinvensitne AN tens
mar ked with | um n ent nateri 7) .emtting._j he iofr Nl R),
when exci teégvvi i ?gﬁf‘swi ??nrﬁ %Sigrh(%'rté% vv;t&eel er?lé)'ltgk‘{%r aﬁggggfl{l%.i gﬁ%éi rst
\l/\@vel enggh wangksngtr e dangrespor Teils orLED cdsvegperdele (t2) stodhee pridgducti on
ine at 30 a_typical s V_{.hro L i 1 i a h
detection zgﬁgxg Ejt?'nré gggniﬁer"ﬁr{ % gggﬁ%%ie%ﬂ ﬂ?gilgrg%eggggg@%éé Vg? .
ns-1. 10 drive current intensity Is to illuminate the marking on the

item, i.e. the luminescent material (7). The light source is
disposed above the conveyor belt (2) and has an illumination
cone (17) delimiting an illumination area (8) at a surface of
said conveyor belt. The light sensor (5) collects
15 luminescence light emitted by the marking (7) within the
detection zone (10) of the scanner (1) by means of
photosensors aligned along a direction of motion of the
sample (7), above the conveyor belt (2). Here, the light
sensor (5) comprises five identical photosensors which are
20 photodiodes PDl1 to PD5, each equipped with a focalization
lens (18), operable to detect luminescence light in a second
wavelength range (in the NIR range). These photodiodes are
connected in parallel. The photodiodes are disposed at a
distance d » 6 mm from each other and at a height h = 15 mm
25 above the conveyor belt (2), as illustrated on Fig.3. Each
photodiode has a detection cone of angle B, here p = 20°,
which delimits a corresponding detection area (9) on the
conveyor belt (2), within the detection =zone (10). The
detection areas of any two nearest photodiodes are
30 overlapping, and the union of the five detection areas of the
photodiodes in fact constitutes the detection =zone (10) of

the scanner.



WO 2012/ 167894PCT/ EP2012/ 002339 29 The optical block of the
scanner (1) (see also Fig.3) conprises a light source (3) and a |ight
sensor (5yo 20t6hdoght source (3) may be, for exanple, apcERrPopenaiszng wth
a wavel ength at peak em ssion Xp within the first 5 wavel ength range, for a
centroid wavel ength Ac and a spectral bandw dth at 50% of the maximal drive
current intensity LX = 45 nm (this corresponds to the above nentioned first
wavel ength range). This LED is operabl @0 produce the excitation |ight
with an intensity varying according to a 10 drive current intensity Is to
illum nate the marki ngTba tsmannieem (1) ealthe dampriessert paweri alorée. The
|l i ght source,is dispgsed ove the conveyor belt (2) and ha .

il lumnati 024 bngofl )e? \é?]?lnrll i%%e aﬁafjrﬁ;eyuln? ncg 1on %Jrreraen(d%)mzcte%%lstgr f'2ce of
sai d conveyop bekt lidhe bogite sé€dlsoraid)a codbhtectls b t ufh)negeeatd el itght
emtted by th KL ) Wthin th etection ne (10 t he .scanner
(D) by meancooF Bhotbeerttrl SPrEskatalonghs diPRe PRt Toli aRdoithe
sanpl e (%), labbves¢hsorcoteysrs bel to( 2kguHes eant heténghty sersione( 5)(t)
conprises five.identical _photosen s _whjch. are ph iLod PDL. t o PD5,
cach equt ppod iEn niaesPRReT SRORED SMPLECs 758 SRePRARI TR, el

| um nescencéuhigédcenrea ieptomsityaveligngls rdwigeefed tdweeNl R reem®mirinbhese
phot odi odes d,Ln ral lel... The phaotodides are di.sposed at a

i stance d &1 PRSRFEAERobT 187" Eng”4ioheh RUREE) B3 T ofhe SR0RRRR
conveyor beldecé?) tims iviallust rfatoed e FagqBirddacintnstiddi g fids d det.ecti on
cone of.ang p I , i.ch it or I Lng. ect.ion
area (o)C on FRocaBEkEy Qo) ST eE R & B ke PR BB A g
detection amseégsab$s dmpmt ihenediegst pkotodi ddes andke 80nbyels appengovard t he

union of th I ecti e of _.the.pho |.od Lo f co 1t ytes
the detecti %ﬁt&f(\éﬁe%aoﬁ o%gt et ??anlnnetreg%l&g %8%%1%@85&%(:%%@0%%%39 30
The sg?nngr_l(sl)ieaise)r@b_nmisleg aifkw\/tesom;ﬂf E{a?»)(fl&)q float d;ﬁeglumimz}gcer‘m@t I
vari abl e dri, Si S : g contro
unit (6) opé\r{lg ﬁ%{{}gn}t’:%in%o .Lt é/er pec?\ﬁé)%déogrpg ?4)01??#%??' g%?m%gusr%%nc(es) and
the 5 |1ght iserserty 5iwwmlagd st bosbqabeee aphe mMaesitipnpibfesleolq t9f ofhe he

| um nescencq ;b ghbefOLL L p8l Bynd NS 1B KO daBliral (O LupLNEECANCE,] NiEnST Ly
signals delivered over a neasuring tinme I1nterval Atmby the I1ght sensor
(5), and detredApheltylewageti-ne value fromthe acquired intensity profile

(1), 10 The control upi, (46); 3,80 Jeeel ues LhgdHmNescensed nbansify
signals fromthe |ight sensor ( and controls the power source (4) to
sel ect an i itahti tapurgkeue(df: t hbedrliigbtcusqunse | s debiwgeedd widht hariveght

32” Sgréo;’) | %%r%gggeﬁégy&&%e”ﬂe IHERSL Y 1Y8kYRLL L 697 T &3pOngd] Ng fi0. @
excitation time interval being Atex = T1-Tp: here, Atex = 100
us. For the light sensor (5), a time delay Aty corresponding
to (T.-T:i) can be set by the control unit, and at T3 a new
cycle starts, here T3-Ty = 4 ms. The measuring time interval

25 At, of the light sensor thus corresponds to (Tz—- T3).

Fig.5 illustrates a typical responsivity (within
the second wavelength range) of any one of the five
photodiodes, say PDi, equipped with its focalization lens
(18), as a function Re;(x) of a position x of a 1light

30 emitting sample within the detection area (9) of the

photodiode, along the direction of motion of the marking (7).

The responsivity (in A/W) goes to zero near the boundary of



15 intensity signal is both above the detection threshold of the |ight
sensor (5) and below its saturation level (i.e. inits reliability range).
Fig.4 il lwetoetmsssan illum nation cycle of the |ight sowceape®@piooisde |ight
source is powered with drive 20 current intensity Is between instants To
and TI. The excitation tine interval being Atsx = T1-TO: here, Ate), = 100
ps. For the light sensor (5), a tine delay Atd corresponding to (T2-T1l) can
be set by the control unit, and at T3 a3mew cycle starts, here T3-T1 = 4
ms. The measuring tine interval 25 Atmof the |ight sensor thus corresponds

to (T3- T2) the detection &ddh 5(bb£9§§§6ﬁd%%ga tyPiradlcheas paigion)ty 4wvd t hi n
t he second wavel ength range) of any one of the five $hot odi odes, say PD ,

equi pped wi E8AFPESfCEIF IR G FBASCYAHT ofs ther dREEFLIPRASER ‘of a position

x of alight 30 emtti rpggs@mle_u\mtratastmeaedezte%@dn@ﬂvatﬁar{@)c)ofoﬂ hghe
phot odi ode, _al ong the direction of notion of the nmarki ng, v\gange as a

responsi vi t }iGNR APWFOG0dS) 1 0 W2EPITNdRL tIREBGuENS} e5eth

2012/ 167894RGHEEPSR13F0@233 i3k ohhe& det egt Loghar emécmg esaopitd Ngitioin
hat ched regi on), and reaches a maxi num aL trg}er}?%e ter of :? et ectl on, ar ea.
Fig.6 illustPst sleterEiras Fonsi vi vma‘&) RRt x 16 ﬁﬁﬂ? s8RSor B i t4hi n

the second wavekeAdther BRECOd BSAés Sarddinetied onenjma posft kha pnotomddegsht

emtting sanple within the detegatlon zone ])_ (gf the hot(%q]ﬁode T

di stance d BEPYBer-Rhe BRBEYH o8& tant§ h89ARFERt P of "¢he ot BY

above the corvpypsibely Ry @& )adaptied Slﬁ.gtrﬂtatsehberovanal kor esgoneswlung?e(x)

of the |ight sensor, due.tqQ the re ultln erlz%{)gelng ction
I

areas (the SYGFERPH iy diFePErer l?’éc? St ahtoral ygﬁrlﬁn o?m% r'ough
the detectiqn m@e (@)suﬂdematlamewuembfmrespomm vihy Refegtiofn tdmnd i ght

sensor (5), nctlon of 05|t|onxvv|th|nthe tection ne, {1Q) of

t he scanner (%i ?‘?ﬁa‘ ditPEctT6H Bt mbtTRA of” té'tﬁg?égrrp(%rg {%8 101#%
fluctuates fsyénlsess (6 hana$% afonaidi an rreﬁarpoﬁaltuenRexmmvbinathﬂi fleredttion engt h
L, and fall down zero at t he boundar,y of n n

ei t her side?28P¢ th(é%unl or?n‘et VREEE o n% ?ﬁt{t{e 3 Iszf(r)nqlgct(éoﬁ W. The
di stancesd lnh'ewsempléle(b)hotcodlyodégcandtélell@htldﬁsofthtane520aph@m@cﬁ geRes) above

the conveyor bel tg)%rne 1;: to Fg\égngg% P dery Ny M, and, an: pverd apping Qfyd he

det ection aréas ( Icren %id Substantia uniformty of the
responsi vi t ytRebr) bohinddmy |dfghthesdrsort byrrzarnte (iesgt RnLeikeee, sife pdve: L

5 d 30 mm I%% CRQP&£E§€§”}€% ohhgf length L). Here, Rem » 0.6 A W?. The
distance d between the photodiodes and height h of the

20 photodiodes above the conveyor belt are set to have both L =
V Atp, and an overlapping of the detection areas (9)
sufficient to obtain said substantial uniformity of the
responsivity Re(x) of the light sensor over the length L.
Here, we have: L =~ 5 d = 30 mm. The combination of the

25 detection zone (10) elongated along the direction of motion
of the marking (7) and the substantial uniformity of the
responsivity of the light sensor over a length L within the
detection zone, allows measuring the luminescence light from
the marking as it crosses the region of length L in

30 conditions which are quite similar to those of an ordinary
scanner being disposed stationary above said marking and
following it during its motion through said region. Thus,

motion of the marking is “compensated” due to the specific



25 detection zone (10) elongated along the direction of notion of the
marking (7) and the substantial uniformty of the responsivity of the |ight
sensor owspa1der@uh L within the detection zone, all owpciaassniongsé he

| um nescence light fromthe marking as it crosses the region of length L in
30 conditions which are quite simlar to those of an ordi nary scanner being
di sposed stationary above said marking and followng it during its notion

t hrough said region. Thus, notion of thg marking is "conpensated"” due to
the specific WD 2012/167894PCT/ EP2012/002339 32 structure of the scanner,

even I Lhe FAIGING I TR QaLAsk T BLONONe L. ARLAELILN LM ing. £ast
Fig.7 i|lustrates a Sircurt Schers’rél a ing to a pre]T rred enbodi nent of a
scanner accbndoungh tthret Heteovieort izome.5 the control unit (6), via a data bus

(12) ‘and a DA convert gr, (101, fERf SREN o) GONLT alchchfle BIUEEATOUECE (4),
i.e. sets the drive currént in en5|afy s to power the Iight source (3), and
t he val ues Poefewked epfootihiment| affi aascameyyclcgofddnaste otiavintarns igesi r ed
val ues ) .. The.conttol -unit. (6 t o] ol s & d @i Sensor
(5) vi aﬁ hQE %t%o Jt}stl( %%th;arsgyé {I)}é 3coéha\blgear ?’g{s (])(fQLzas@ingfall@rb%1 e%{KII?AgrLt of f set
conpensat i ofinoni repiSgntiedsd., seirgrole ‘hkeueowe2 PtrT8 df)t hé .eras@tenent
cycle (so a o] e Sisr e f n t at ignal
anplifier (??L% %]g%eec%%ﬁe?% tlﬁ‘ggﬁggw g%%soo?rofg? g}é{;i %/ie?%@} 1 \?ol(lt de

si gnal correspohdé ngalwes Turmntesherde that eAsimynat igmalcyrdas Used asy tiche

light sensof (2)endl @A Pat0¥est e SPNNAGL 6 i@ ok NG, AL B PUS, (de). TO
the control "unrt tZeB). I'n 8 der fo ensure Fast return to
unsat urB edcshatel ofthehd ightt edhedes (Df tiwe thiegldetsehsor (13) ,arghiad Q/iAght 20

sensor in f uy I,e: r i ] | ] uiinescence
Tant from PRAVESHS BT B AR S AR AIREE CoRHEMALAL e RS
i nternal capaeitsess dfhet velphot Bdi mdkd ;00 f behagnessarrgagnandy pbki (P tave

par al 1ol i £R S RRoalt e e A e e At L s
of a too hi ghpidfiage(El) tbenmratmat of thre bightatderdr afpl ideleverdl)a thus
i Sposcit | n ehe Reoat I8 f oBapatke T Sontr Thes 30 GHerACToRel aroTiTIer
(11), whi chsabhahsmedmunsivotooditbged ioht t ensaghtS)sender aps5h/ Betery et ey s
shortened, anf,Lbysq &Y §heSabuLabad- (140 20120464894RGT/{HR201¢4 002339
In order to ensure fast return to unsaturated
state of the photodiodes of the light sensor (5), said light

20 sensor in fact acts as a current source (under illumination
by luminescence 1light from the sample) and is always
shortened, thus preventing the internal capacities of the
photodiodes of being charged and making the response of the
photodiodes faster.

25 Indeed, a diode D1 connected in parallel with a capacitor C1
and a resistor R1l, lets current flow in case of a too high
voltage at the output of the operational amplifier (11), thus
preventing saturation of the operational amplifier. The diode
D1 is thus disposed in the negative feedback loop of the

30 operational amplifier (11), which allows the photodiodes of

the light sensor (5) being always shortened, and thus never

saturated.



33 Consequently, it is possible to acquire an intensity profile nmuch faster
and neasure shorter decay tines. Also, a resistor R2, connected directly at
t he out puvoebiFtaesophot odi odes (5), absorbs the of fset cwcraprkoi2®oB39to
shift 5 down a relevant part of the neasured intensity signal within a
reliable detection range of the AID converter which sends the neasured
intensity signal to the control unit (6) through the data bus (12). The
part of the intensity signal which is dgg to anbient 10 light is thus
suppressed at the output of the photodi odes (5), and only intensity signals
of which offset current has been renoved are sent fromthe op eration
amplifier (fopseguenelontt ofs RIS 87 L IAPD o PEFPE! %nar?g’r@%gh

the data busuch2fastér f&fmasa@@um&ﬁtwt@wytymé@f| le I(t). 15 Moreover,
linearity of the response to Ium nescence |I% IS | nﬁéeased due to_the

fact that tRéSBhofodPBletey Sh2ope?MiSEtes £iaFFéNt 2hehBF aPBtPahd® E\h%ll ode

D1, in the pegabbyedécedbpckabooppof thoe oggeeat icarabnanpbi falsel’tc( 151);fa| way's
wor ks around the sanme o eratln 20Control ling i,ptensit

exci tation FRYRt 2efttEEY byPEH ‘E%Dtr}(%)m%ﬁf‘ffeeéinsm&egf‘tlgydﬂgg cuf réetﬁjtrl
intensity |g, mqGabdengetocthds eshgsei aENthef AVDECDﬁveﬂteanhmleseﬂﬂI@Sthe
advant age of produci né; well caontrol.l ed Ii:(ght flas ro’l botle é@gdjclkrlag q,rﬂ and

ntensity sIEBemeTRRSerHoT s Y28 1gRRf cFEnthe &1

as in
accept abl e takuaadd Bus (l@n .accurately determ ning the f| rst poi nt of the

Ium'nescenc |nten ity_profil.e, bt ai.ned W|t nly_ three fla ee
step (g) of tfe %zv 3/% Bﬁgl rdt r?gtlﬁESd)s.lglnﬁla preq?nerér/sédlaer%botf 2 fe0r$1,5t he

i nventiom, theh80 iconthud supprdHed sat urthlaerotntpertab:lfe tioe ad}\qsodi@ées’r evel s
of detectio hr eshol d.and sat ur t|on th eshgl

i.gh
whi ch constlr}t5ut’e§ GEtEc P oﬁn?én e of the Ti }"’n érétnggﬁ%é‘%h%%ls;&ﬁco 1?455

sensor sensickekewi rgmcaed beradsgritedftan the Operatlonal amplifier (11) to
the control unit (6), via an A/D converter and through the
data bus (12), to form an accurate intensity profile I(t).

15 Moreover, linearity of the response to luminescence light is
increased due to the fact that the photodiodes (5) operate as
a current generator and the diode D1, in the negative
feedback loop of the operational amplifier (11), always works
around the same operating point.

20 Controlling intensity of the excitation 1light
emitted by the LED (3) by means of its drive current
intensity Is, according to this embodiment of the invention,
presents the advantage of producing well controlled 1light
flashes, both in duration and intensity shape. This method is

25 efficient, as in most cases an acceptable value of Is, for
accurately determining the first point of the luminescence
intensity profile, is obtained with only three flashes (see
step (g) of the above explained method).

In a preferred embodiment of the invention, the

30 control unit (6) is further operable to adjust the levels of
detection threshold and saturation threshold of the 1light
sensor (5), which constitutes a detection range of the light

sensor. Thus, the light sensor sensitivity can be adapted to



WO 2012/ 167894PCT/ EP2012/ 002339 34 the actual conditions prevailing during
measur enment of the |lum nescence light intensity, and the resulting

| umi nescewoeoiznsesdsi ty profile is nore reliable. 5Qperaticompediziobhssscanner
according to said preferred enbodi nent of the invention is detailed as
follows: in a prelimnary phase, an initial intensity signal fromthe |ight
sensor (5), is acquired without illum nating the |um nescent material wth
the LED (3) and without tinme delay 1034Ltd = 0) (as anbient |ight usually
only fluctuates around a constant val ue during neasurenent), and an offset
val ue of 1ight Lotensi byngQFforfOr ASPANAINYY & 311 R sl it Sot heRe
determ ned. The anbient light intensity being usually quite low, if the
initial intbasingscenghalipBtodntenshtetdtd i Bie 15°FHige Yol WHESSCERES
sensor, the; confdiqh BRLE;{8)id heiremdiihsse L his detection range by
adjusting the detection threshold value, and/or the saturation threshold
val ue of the range, so that the initial intensity signal now lies within

the newgdetection ranggpediien,n ORS atid fQadderumanabi-agngai dodownsq20
converter |um nescent naterial begins: the control unit (6) sets a val ue of

t he i nt ensi®pyeffraase cappoinentt rantthesdndert it éé Kigtehdefonrfddmnde (4);

the light Sﬂyrgep£§iirﬁi%éﬂz<efi>hla%\é/erﬁﬁ Whthi s i snelddse i ndigmsit ¥rofOkhan
excitation time interval Ate. :.iOO ps, and Atd now set to 60 ps, and At 25
= 4000 ps, bkaht | |9afiseat ed5d he Faim deddied nwdéhpalr duk }¥REneSi®9106P8s. The

control unij,{flel3® &RRELOLS LDen! tROtiEenssy R FOHRASWiReAdelay
correspondi ng val ue of the intensi tgéof the um nescence |ight then emtted
| S

by the J%umn fescentOatas i aniemtedilg HRLEY omby efkHtAteR e Aneer val

of 30 100 pSnsddift | v8hle SERSAHg (ReadbiethddR)) | Vel dad | E8EsétiMvAeSECREE
intensity signal to the control  unit (6), which then subtracts the offset

: . ) . ! . .
val ue of i nd&gRY t ynteRwhthelwor COSPOMRPHIT 15t ABASEREdlbalteisl Hie
intensity Ofief8nindd. 2087 14GBMRCT £A0121Q02339 P ihgmiesaanceydikant and
judges if the result is acceptable (i,e. lies wthin the detection range of
the |ight séfgorif5yhe dadtiplidnfenatteptadtel theCPEsft 4 LRBIEEN n a
menory ©f thengontf olndiNislghkbhed8oR, CONE sRIGINANk LT $6) POASY ofiffisal d
intensity profile;, and measurenents of the, decaél ng | um nescence |ight are
then perfor FR8S d@etsgtine mEager iy ePAEsthier Fhe Aletestigno Fhreshpd<t ne

correspondi g1 &5 UAAS/ AbtRNed tasa exdh al et naheveatasshi t th@scd:, measur ed

| um nescence intensity profile I(t). Said stored profile, is,
that the initial intensity signal now lies within the new

detection range. Then, operation for illuminating said down-
20 converter luminescent material begins: the control unit (6)
sets a value of the intensity of the drive current Igg
delivered by the power source (4); the light source (3) is
then powered with this drive intensity, for an excitation
time interval Ate.x = 100 us, and Aty now set to 60 us, and Aty
25 = 4000 us, and illuminates the luminescent material during
said 100 us. The control unit (6) also controls the light
sensor (5) to measure a corresponding value of the intensity
of the luminescence 1light then emitted by the luminescent
material immediately after the excitation time interval of
30 100 wups. The 1light sensor (5) then delivers a first
luminescence intensity signal to the control unit (6), which
then subtracts the offset value of intensity from the

corresponding first measured value of the intensity of the



10 then used by the control unit (6) for calculating a correspondi ng decay
time value (or for conparison with a reference intensity profile). I n
case t he wbaoye/mestii oned result corresponding to the fi pgt/rreaanwosds val ue
of the intensity of the |um nescence 15 |light does not lie within the
detection range (usually, this corresponds to a situation wherein the first
| um nescence signal is above the saturation threshold of the |ight sensor),
the control unit (6) nodifies the value;gf the intensity of the drive
current delivered by the power source 28 to the light source (is the first
signal is tq high, the drive current jntensity. is decreased), e
cycl e of ilﬁﬁﬁ?ﬁﬁﬁ??ﬂﬁe A40F eBRt ISR ot sépec5FP5%$idﬁ3 Sﬁégfﬂﬂ%%%ent

i S repeated (unti | ldesuniitedeoende | aéeastiion praigd eof s thequirgdd, semser
correspondi ecay time value is_ 25cal cul ated. . a.yarj ant
of the inveﬂg?gh,a%ﬁ égielﬁhésff???pﬁﬁkﬁﬁésgéﬁcéeﬁ%iﬁﬂl?ssg %%% ﬁﬁea
saturation memeshobfl tHe tdumtrioghtuingeng6y , aa 4 watherspsindpngf finst easimy t he
val ue of_the _saturat.ion_threshold. and n i t u n{.§Jor 30
the first pSintes th?SB?lF%sPéaglg‘?' rr%)%?f I{}u{*%‘? it E’gf of 1 paces enani ty
of the driveuninesrdncesal iighilr i aeecwhesntpdodiomgepodivriied ortey measweirddrt her
step fails to_gi a cept abl g, fiq poi t LoLensiiy, Profiles 36
The inventi on i s\iﬁg ggjr':i gtgf‘y I i4rg1cdtoe§‘“c§t’o %ﬂée g{])%vggén%o%@n%nt% and vari ous
modi fi cati oebtabyede made eMpladoeddepdovieng danmhithgescopgdicof PERSWIRENL | ON
as def i ned §.Rynt 08 tldl eeddlie LB G Q)11 QU SUGRAEDAAE 1
delivering éxcita Ton i ght may "be any conventional one having a drive
currentlGet thag ownseequbyal € | ycortradpplupitol H&ye Serti AglcwsbrEaa o al | ow
adapting th LAt 400 | hgbLy i ntigRsi fa el i ¥er el by s i fouhca
accordi ng t§°g§§%ééﬁd%ﬁ§ o?.F%%ht Intensity éetected %ymgélight sensor by
changi ng t heefersrce umtemsisy pPhefiigpl y vol tage of the |ight source.

The decay time scapger and LhgydegayclsiBy AL et Ofo MRIINAAARGOTY Nehd O the
invention may be used for any |um nescence em ssion in the spectrumrange

from UV |ighirss mepgoradom@)lueviaf bFee| iighersibn- P60 e SHMHRAFCI i d

infraregs|i g@gh£799é;510<9t NMe N SEHNGe 2EQRLALBE Lontde (hoyenty oncmy al so
conprise a radio nodule for (possibly, wreless) conmunication, a display
nodul e for EPSPESRRTHE nbasr e8lHAR L St YRERFH Mg thEr Bt sTuBhescence

control i ngs2@nint efd acedv@r itRRUt thgrSEadh CAMdekheN8. of the 1light
sensor), the control unit (6) modifies the value of the
intensity of the drive current delivered by the power source
20 to the 1light source (is the first signal is to high, the
drive current intensity is decreased). Then, the cycle of
illumination, measurement (with offset correction) and
judgement is repeated until a luminescence intensity profile
is acquired, and a corresponding decay time value 1is
25 calculated.

In a variant of the invention, in case the first
luminescence signal is above the saturation threshold of the
light sensor, a further step of increasing the value of the
saturation threshold and then repeating the measurement for

30 the first point is tried, instead of modifying the value of
the intensity of the drive current, said drive current being
modified only if the further step fails to give an acceptable

first point of the intensity profile.



The invention also relates to a use of the decay tine scanner and the
intensity profile determ nation nethod according to the invention for

det er mi niwg 20e¢@ysolsi e 25 characteristics of a | um nescect/prasienisB and/ or
authenticating an itemconprising a | um nescent material on the basis of
its decay tinme characteristics; said decay tinme characteristics being a

| um nescence em ssion intensity profile or a decay tine value, or
concentrations of different 30 types of3% uni nescent particles in said
material in case the |lum nescent material includes a m xture of said types
of particles. WD 2012/167894PCT/ EP2012/ 002339 37 CLAI M5 1. A scanner for

determ ning an i ntensi &‘Mepri%UeLl%igL 5is| umoges ennl%%ll i gﬂtmiftr%m a I Lgﬂ'enescent
mat eri al noving past sald scanner al ong a patsn i'maYfirst direction. said
| um nescent ahwver iembodminehing 3@ dvhubdwesoeaddé itaghtnsy traiyn lae s ewaied

hevel endth BEOSG. IR HE BabhOM I LR e 30T b ARE ol 0 B AT o
wavel engt h range, conpri Sing: a power ‘source; a I'rght source
connect éd tbyt hEhegpowerispur drandxepeiabl ehteo iLighi ratuercei t issdi dor

excitation |j . | upj e i ithin.an illumpatjion area, when
power ed by %hg%%%/\}g‘% s%glr:gg?&lcg&a Iﬁéﬁ% ?léar%\notrbeopaér b€ ntvg?1n ?ré%?ﬁ?e Ar
i ntensity ohavangl Bumirdiescenceehitgltetitéagi wed feqpmuaientligi nescexdplyat eri al

bei ng withi i Zo ai a . el iv . coryespondi ng
| um nescencgo?‘%%%lgs%ttfqgﬁgng?;é)%ntcsf aaqcl%%t Eggﬁﬁhﬁ%ch%n%g%ag%%nt%legsrﬁ ght
sensor and opeembltey 2@ ltigededebyi biee ahighit emsirtcg probrdienpftsad dlewdei ved

| ;Jgih?eglgggg;' %%tacanetgﬁ;ggw@geé&&g%e py"6e0ELRY SLANG! ByIBhLYSISY e the
drive current or the supply voltage of the light source.

The decay time scanner and the decay time
detection method according to the invention may be used for
any luminescence emission in the spectrum range from UV light

15 (200-400nm), visible 1light (400-700 nm) or near to mid
infrared light (700-2500 nm). A scanner according to the
invention may also comprise a radio module for (possibly,
wireless) communication, a display module for displaying
measured data or scanning parameters, and a controlling

20 interface for inputting scan conditions.

The invention also relates to a use of the decay
time scanner and the intensity profile determination method
according to the invention for determining decay time

25 characteristics of a luminescent material and/or
authenticating an item comprising a luminescent material on
the basis of its decay time characteristics; said decay time
characteristics being a Jluminescence emission intensity
profile or a decay time value, or concentrations of different

30 types of luminescent particles in said material in case the
luminescent material includes a mixture of said types of

particles.



said illumnation area being at a first |ocation along 25said path;

sai d detection zone being at a subsequent second | ocation along said path
and ext enstongizleesdg a portion of said path; sai d | i got/rrenam0238ei ng
operable to collect |um nescence light fromthe |um nescent material during
its notion along 30 the path in the first direction across the detection
zone, and neasure an intensity of said collected | um nescence light within
sai d second wavel ength range, and delivegr a correspondi ng | um nescence
intensity signal; and WD 2012/ 167894PCT/ EP2012/ 002339 38 said contro
unit being operable to control said peggrmgource, |ight source and |ight
sensor, and determne said intensity profile fromthe | um nescence
intensity signal delivered by said |ight sensor upon reception of

| um nescence 5 light emtted by said | um nescent material noving across
said detection zone in the first direction, in response to ill¥.'nati n
with said exXoitatPons¢dngir witeki ndebeEmintingn A8t | SRERTEY 1@r?.gg8an gr

according tq,GlhabtkdncheEghe 3 LRSRPNSLMIAYsdtntS ahdkddight menisgy pashin
sai d second wavel ength range is substantially uniform over %ald det ecti on
I

zone. PaidcanRerNBEcAAN o ER&Pm 10 wher BIFPU5SHEECT Rt sBREOr

conprises aRidhakbtyt OhaPbotNdedRCiOny dskpsRthisweeenss veliyhal ehghiai d

first direction, each photodetector beiggkop rahl e to neasure_an igtensity
aniti St EloR5rs

of | um nesceéncEEdGhtWaSIENgER MReGHta B ARG OBt BT oM *SF &3 Wt hi n

the detectian z@ne: cMi4hi reithe saeensnyewetangt,hcdfprangey: and deliver a
correspondi ng phot odetector | um nescence intensity signal, the set of the

correspdfdi ng dét BEYFHrr U éES covering said detection zone; and sai d

control unit iszopegrbl Solrdaikindctedsabdthat goedt ysqureki khedf pparahke

| um nescence intensity signals del,vered, 25 sai.d, phot.odet n
reception oftq ubilheBHHE FiGht %afﬁd[tgécbggtéja?rb ﬁ&ﬁlhges%%ent lﬁ% g%?% hovi ng
across sai d @eleghil onviaheas &l onylsaithtiadrh ared hewhensipoderedt iton. the

power source;

15 a light sensor operable to measure an intensity of said
luminescence light received from the luminescent material
being within a detection zone of said scanner, and deliver a
corresponding luminescence intensity signal; and

a control unit connected to the light sensor and operable

20 to determine an intensity ©profile of said received
luminescence 1light, from Jluminescence intensity signals
delivered by the light sensor,

characterized by:
said illumination area being at a first location along
25 said path;
said detection zone being at a subsequent second location
along said path and extending along a portion of said path;
said light sensor being operable to collect luminescence
light from the luminescent material during its motion along

30 the path in the first direction across the detection zone,
and measure an intensity of said collected luminescence light
within said second wavelength range, and deliver a

corresponding luminescence intensity signal; and



4. Scanner according to claim3, wherein said photodetectors 30 are

phot odi odes connected in parallel. 5. Scanner according to claim3 or
4, wher eiwoO 200/18@82/ 167894PCT/ EP2012/ 002339 39 any PeO/EPRCICH8SBY e

phot odet ectors of said plurality of photodetectors are di sposed to have
their respective detection areas partially overlapping so that a
responsivity of the light sensor within said second wavel ength range is 5
substantially uniformover said detectizn zone. 6. Scanner according to
claim1l1, wherein the light sensor conprises a plurality of optical

wavegui des, eacly waveg 4 hayi Nop@lh $NbHY - OPRL abbe dAc 181 Cabh8Chower

| um nescence light froma corresponding detection area within said |
det ecti on z®Rercehelpblit ascrycef angyvekiite eprsols BefAngedrspbaed said

successi vel ynabong paigdokiist gidecthen apgd: fdscarle Ofi ntBEs £OF I &siRERAI Ng
detection areas covering said detection zone. 15 7. Scanner according to
claim6, whéekivesed dywopeiicalighVegeneds Y gRCGeRaLoni pEr Sumimgesagigtner

according to;ghal S Uy by WASHEH InZ0SALLh OBt tGeRl 2 1ONEGYA oS A& da3R0Sed
to have their respective detection areas partially overlapping so that a

responsi vi t JeBECEIRN | iZfMe séRsofhi t Al ¥SGaid IREEARA navRl eFRARPIENgL A s
substanti al Ly upidorimrovey; el d sdekect 4,00 Z®n  1ight within said

illumination area.

10 2. Scanner according to claim 1, wherein a responsivity of
said light sensor within said second wavelength range is

substantially uniform over said detection zone.

3. Scanner according to claim 1, wherein
15 said light sensor comprises a plurality of photodetectors
disposed successively along said first direction, each
photodetector being operable to measure an intensity of
luminescence 1light received from a corresponding detection
area within the detection zone, within the second wavelength
20 range, and deliver a corresponding photodetector luminescence
intensity signal, the set of the corresponding detection
areas covering said detection zone; and
said control unit is operable to determine said intensity
profile from the luminescence intensity signals delivered by
25 said photodetectors upon reception of luminescence light
emitted by said luminescent material moving across said

detection areas along said path in the first direction.

4, Scanner according to claim 3, wherein said photodetectors

30 are photodiodes connected in parallel.

5. Scanner according to claim 3 or 4, wherein



25 9. Scanner according to any one of clains 1 to 8, wherein said |ight
sensor further conprises a focalization device operable to focalize

| um nescewoeoigmo4r ecei ved fromthe detection zone. 30PCWRP2012/002339

2012/ 167894PCT/ EP2012/ 002339 40 focalization neans operable to focalize
excitation light fromsaid LEDs on said illumnation area. 11.

Scanner according to any one of clains 1 to 10, further 5 conprising: a
trigger unit operable to detect that thggl um nescent material is within the
illumnation area of the |light source, and deliver a corresponding trigger

signal; and the control unit being further 0 erabl .cpn 10-1i ght
source to del i vBPYexXePt a1GiT I gt PHiTSEEsC ?ﬂe | 3 neslcenf%{&)} llrh;:%’al 95\,1 thin
the il | um nahiodbdateatarnron eecepidieposbdsaited t rhagger $shghal frespethéve

trigger unit control the light sensar t cquir h ofile
af ter iIIunFﬁ&F|gﬁoﬁagr%?op%artl%ﬁ}y oVEr ffpgggagﬁngggcgrJggggggagﬁ€§one
of clainms 3dfo the Whgrtei sensor thetlsicanseid f secdred wovprenrsh argpud ti9n

sensor, operableecLo: det ) THNSAPITLE o0, Oladiie g peggent malerial within

sai d det®ction- an i'vVer correspon posi tion 20signal;

6. Scanner according to claim 1, wherein
the 1light sensor comprises a plurality of optical
waveguides, each waveguide having an entry operable to
10 collect luminescence 1light from a corresponding detection
area within said detection zone, the plurality of waveguide
entries being disposed successively along said first
direction and the set of the corresponding detection areas
covering said detection zone.
15
7. Scanner according to <claim 6, wherein said optical

waveguides are optical fibers.

8. Scanner according to claim 6 or 7, wherein

20 said optical waveguides are disposed to have their
respective detection areas partially overlapping so that a
responsivity of the 1light sensor within said second
wavelength range is substantially uniform over said detection
zone,

25
9, Scanner according to any one of claims 1 to 8, wherein
said light sensor further comprises a focalization device
operable to focalize luminescence light received from the
detection zone.

30
10. Scanner according to any one of claims 1 to 9, wherein

said light source comprises a plurality of LEDs and



the control unit is further operable to receive a position signal fromsaid
position sensor and determine said intensity profile only from consecutive
| um nescewoeoiniceddsi ty signals correspondi ng to consecupcygapp®@iobizens of 25
the lum nescent material within each of the successive detection areas at
whi ch irradi ance of the |ight sensor is maxi num 13. Scanner according
to any one of clains 1 to 12, wherein 30said power source is operable to
deliver a variable drive current or driyg voltage;, WO

2012/ 167894PCT/ EP2012/ 002339 41 said light source is operable to
produce sai goexf] 1Al reh @0t LR, AD { NLANSI S &xwgtf&wcu[ H9 Aol he
delivered drive current or drive voltage; and said control Is further
oper abl e t oseddt bEPs i gasdpbhevmismirics Bge3et a val ue of the drive
current, or a value of the drive voltage, delivered to the |light source so
that a Iunlnescence intensity value corresponding to a delivered
Iunlnescencélrntéﬁénm?rs¢@ﬂﬂﬂdlh§ Wwiot lBnE angi eEncraiee bfte ukf nebdies

i ntensity vggy E8isikfly: 14. Scanner according to claim 13, wherein sai d
gi ven range o [Um nescence intensity val ues corresponds to a detection
range of the |ightréggeor unihi epaé@é}é/m &/ rdatgetbdibeg aheanpenigiescent

| um nescenceatoteasi fy L3l s belRem A dielect! g7 Hheeslpld sdlig and a
saturation threshold value of the light sensor. 15. Scanner according to
any one of éhdidelivey @ P@rrﬂh@‘P@@lW%dirdg@ﬁWeﬁlg%Jge &% | um nescence
intensity ValUe§héuEBh@ngouﬁﬂ§u5%§n%h%hr%h§kg%@Ergglgokgedaﬁﬂﬂgﬂﬁtﬁé

nmeasured | um nescence intensity is above a threshold val ue
10 light source to deliver excitation 1light pulse to the

luminescent material within the illumination area upon
reception of said trigger signal from the trigger unit, and
control the 1light sensor to acquire the intensity profile

after illumination has stopped.

15
12. Scanner according to any one of claims 3 to 11, wherein
the scanner further comprises a position sensor operable
to determine a position of the luminescent material within
said detection zone and deliver a corresponding position
20 signal;

the control wunit is further operable to receive a
position signal from said position sensor and determine said
intensity profile only from consecutive luminescence
intensity signals corresponding to consecutive positions of

25 the luminescent material within each of the successive
detection areas at which irradiance of the 1light sensor is

maximum.

13. Scanner according to any one of claims 1 to 12, wherein
30 ' said power source 1s operable to deliver a variable drive

current or drive voltage;



16. Scanner according to any one of clains 1 to 15, wherein said |ight
source is operable to deliver excitation |light 25 over an adjustable

exci t ati omot2oniegdser val , the control unit being furthercopprablos2sto set
the excitation tine interval. 17. Scanner according to claim 16, wherein
said control unit is further operable to control said |light sensor to
measure 30 an intensity of the collected | um nescence |light with a tine
delay after said excitation time intervgl has elapsed. WO

2012/ 167894PCT/ EP2012/ 002339 42 18. Scanner according to any one of clains

1 to 17, wherein said.control unif is further operable tq.deternine.a decay
time value of tA&fu '%%%c%ﬁﬁr?ﬁniﬁi%ﬁe§3qﬁ%:ﬁ%(fﬁﬁagce Salg F% g%%?%@“

erm ne
profile. 5 1li9htSadanrmeraractotehdigyt ovatyaing l8;cavieimgl ntsatde copfiivéremit is
further operahle to_authenticate saigalunin%§cent material in case the

e

decay tinme VHIYE SPFTHE IUmKedEelt! Mal%r it

erial” determned fromsaid intensity
profile correspenails tconargivemitO ief énehnber depayabiee twal centstadr edlaith a

menory of the control unjt, said refere ecay Li e rrespandi ng
to a decay fFW?rngﬂéc%fk% Tt et ence’ dﬁfﬁgghéﬁﬁvﬁaggf¥gkg’ gg.gsggnner
accordi ng t @fanheodeivé coRiape,]l dedivBredhes eire 15 addi doswner 8P that a4 s

further operabl.e to authenticate sajd, lun eritgl Jngeaseetdie
det ermi ned iMeRS? ?/mf)er olenlttg(ﬁ% gi’hg}alqﬁlﬁi %g%i%fégﬁac{%h aFgcoérrespon%s to a
gi ven ref er dnoénkanemescentensitensiigpapr ofd | @ishbred | givememsngeofof he

control unit, s Lgcégégﬁﬁﬂ%gﬁgggigg§g§$ce intensity profile 20 being a
rofile of

| um nescencé ThiensIty p a reterence |um nescent material. 21.
Met hod 1@r determining an intensity profile of |um nescence light froma

luninescent1qgtegggknégngéglrQQE5 flo claim 13, wherein
said given range of luminescence intensity values
corresponds to a detection range of the light sensor, said
detection range being a range of luminescence intensity
15 values between a detection threshold wvalue and a saturation

threshold value of the light sensor.

15. Scanner according to any one of claims 13 to 14, wherein
said given range of luminescence intensity values further
20 ensures that a signal to noise ratio of a nmeasured

luminescence intensity is above a threshold value.

lo6. Scanner according to any one of claims 1 to 15, wherein
said light source is operable to deliver excitation light
25 over an adjustable excitation time interval, the control unit

being further operable to set the excitation time interval.

17. Scanner according to claim 16, wherein said control unit
is further operable to control said light sensor to measure
30 an intensity of the collected luminescence light with a time

delay after said excitation time interval has elapsed.



25 scanner according to any one of clains 1 to 20 along a path in a first
direction, said lum nescent material emtting said | um nescence |ight
wi t hin a woondev@yel engt h range upon illumi nation withpammpieizioadsson | i ght
within a first wavel ength range, said nethod conprising the steps of:

30i I lum nating the |lum nescent material noving past the scanner in the
first direction,as it crosses the illumnation area of the scanner, with an
excitation light W) 2012/167894PCT/ EP2912/ 002339 43 within the first

wavel engt h range by nmeans of the Iight source of the scanner; as

thel um Do e t ”EE?M@B% f{.)oezrfd gaplgteﬂnb' bEML DY ed 4 t%cb H‘e SRGIqE 1 on

i ght, stll anes |re Iron and enters e detection zone
of said scamagd, cneasul|nglanlanEH$hEy oberahliaescedegekinghe @nmidaw@d by

said | um ne rial t Vel engt h t
Crosses the§g§€ ?§%% %gneﬂ% H#@éhggg SaI% %%: senso%gqg)%#ﬁéiéaﬂﬁﬂ ng a
correspondimgtemm1Mwsneﬁcée10 intensity S|gnal to the control unit of the
scanner ;¢ determning an intensity profile fromthe | um nescence
intensity signal received by the control unit. 22. Method according to
claim 21, cd)&pri sbﬂgner fagaorelingt &p ¢bah bt etheireingsaidecaytrdheunddl ue of
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Met hod accor |ng wher el n sal scanner 1S a scanner accord 1 ng
to claim 191nc01q:ﬂa sting deeaburtimer wvalkype 206f :the lumdnrsweantat hagesiEld
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mat eri al deternlned ron1sa| i ntensit e corresponds to a
ref erent® deedygrence dedare Sims ethlive stowadr ynoé mhworynef otheingentsdl d

unit, said reference decay time value corresponding to a

decay time value of a reference luminescent material.

20. Scanner according to any one of claims 1 to 18, wherein
15 said control unit is further operable to authenticate said
luminescent material in case the determined intensity profile
of the luminescent material corresponds to a given reference
luminescence intensity profile stored in a memory of the
control unit, said reference luminescence intensity profile
20 being a luminescence intensilty profile of a «reference

luminescent material.

21. Method for determining an intensity profile of
luminescence light from a luminescent material moving past a

25 scanner according to any one of claims 1 to 20 along a path
in a first direction, said luminescent material emitting said
luminescence 1light within a second wavelength range upon
illumination with an excitation 1light within a first
wavelength range, said method comprising the steps of:

30 illuminating the luminescent material moving past the
scanner in the first direction, as it crosses the

illumination area of the scanner, with an excitation 1light



25 reference decay tinme value corresponding to a decay tinme value of a

reference | um nescent naterial. 24. Method according to claim 21,
wherei n swodosz@mgder is a scanner according to clai m20pcemPpeis®dnge t he
further step 30o0f: aut henticating said | um nescent material in case

the determned intensity profile of the |um nescent material corresponds to
a given reference | um nescence intensity WO 2012/167894PCT/ EP2012/ 002339
44 profile stored in a nenory of the co grol unit, said reference
Iuglnescenfe intensity profile being a Puninescence intensity profile of a
reference | um nescent material. 5 25. A systemfor determ ning,an |ntensit
profile of IWithd8sceie ftrght W@Wﬁh%&gFBn¥ﬁg§E%nPyrnﬂ%ﬁWSaIoﬁngpﬁg %h ¥ta Y
scanner accqyslireg be ey fWenef;clains 1 to 20 along a path in a first
direction on a production/distributjon line, said Iynines ent, nateéial
emtting said IﬁﬁinégﬁéncéupﬁﬁﬁﬁcﬁffrnrW%ﬁfﬁdaiéconﬁ vel 7g§tR%r angelipon
i I'lum nat i on wiukinafe@XGiitat itde | &g taniitdn nl sgHt,r sstivav emengs h imangee
del i vered by the Iight source of said scagggr,?sai .scanner _bei pg noq;ted
I n
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range while it crosses the detection zone by means of said

light sensor, and delivering a corresponding luminescence

10 intensity signal to the control unit of the scanner;
determining an intensity profile from the luminescence

intensity signal received by the control unit.

22. Method according to claim 21, comprising a further step
15 of determining a decay time value of the luminescent material

from said determined intensity profile.

23. Method according to claim 22, wherein said scanner is a
scanner according to claim 19, comprising the further step

20 of:
authenticating said luminescent material in case the
decay time value of the luminescent material determined from
said intensity profile corresponds to a given reference decay
time value stored in a memory of the control unit, said
25 reference decay time value corresponding to a decay time

value of a reference luminescent material.

24. Method according to claim 21, wherein said scanner is a
scanner according to claim 20, comprising the further step

30 of:
authenticating said luminescent material in case the
determined intensity profile of the luminescent material

corresponds to a given reference luminescence intensity
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profile stored in a memory of the control unit, said
reference luminescence intensity profile being a luminescence

intensity profile of a reference luminescent material.

25. A system for determining an intensity profile of
luminescence light from a luminescent material moving past a
scanner according to any one of claims 1 to 20 along a path
in a first direction on a production/distribution line, said
luminescent material emitting said luminescence light within
a second wavelength range upon 1illumination with an
excitation light within a first wavelength range delivered by
the light source of said scanner, said scanner being mounted
on said production/distribution line, wherein the control
unit of said scanner is programmable and includes a program
which, when running on said control unit, makes the control
unit operable to implement the steps of the method according

to any one of claims 21 to 24.



